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METHAL. NaiDe given by Heintz (Pogg. 
Annalen, 1854, 93, 530) to an aleoho], Ci4H3(j6, 
obtained by saponifying Hj)ern)a(‘(‘ti. 'I'his 
alcohol is now known as teiradecyl alcohol (IvialTt, 
Her. 1883, 16, 1714), ni.p. 38-3{b, of whieli 
sperm-head oil contains about 8%. It is 
identical with the synthetic alcohol prepared by 
reduction of methyl inyristate (Hilditch and 
J^overn, J.S.C.l. 1929, 48, 301 t , 308 t ; see also 
Andre and rran9ois, Compt. rend. 1920, 183, 
663). 

Teiradecyl aceiute has b.p. 175 5 -170 r)'715 mm. 
(Krafft, I.C.). 

J. N. G. 

METHALLYL CHLORIDE (v. Vol. V, 
397a). 

METHANE AS FUEL. 

Physical Constants of Methane. 


Boiling-point “101-5”c. 

Melting-point — 182-5°c. 

Critical temperature . , . — 82 15°c. 

Critical pressure .... 45*8 atm. 

Critical density .... 01015 g./c.e. 

Density of liquid at boiling- 

point 0*43 g. /< •**• 

Density of dry gas at N.T.P. 0-717 g./l. 


Sou&CES AND Availability. 

Methane occurs naturally in association with 
coal and oil deposits, and is liberated by the 
putrefaction of vegetable matter. The amount 
of methane (“ firedamp ”) adsorbed in virgin 
coal is difficult to estimate, but Jones ^ has 
shown that more than 5,000 cu. ft. of gas is 
sometimes liberated in the cutting of one ton 
of coal, and Graham ^ has found that freshly- 
won coal contains up to about 600 cu. ft. per 
ton in the case of anthracites, and up to 300 
cu. ft. per ton in the case of steam, bituminous 
and lower-rank coals. Since the evolution of 
methane from coal takes place quite slowly, it 
appeara that the average methane content of 
virgin coals is not greatly in excess of the 
figures given by Graham. 

Firedamp consists principally of methane, but 
^rbon dioxide and nitrogen may also be present 
in small amount.’^ In some circumstances it 
issues spontaneously firofn blowholes behind the 
cewd face, but greater resources might be made 
available by tapping the virgin seam in some 

Vol. vm.— 1 


way. Experiments along these linos have been 
reported from America and Australia, 

Till*, gas which issues from boreholes in the 
vicinity of petroleum formations (often at pres- 
sures of several hundred lb. per sq. in.) is known 
as natural gas {v. Vol. V, 480c). It generally 
contains substantial amounts of ethane and 
higher hydroi'arbons, and is available in large 
quantities in the principal oilfields. Marsh gas^ 
the product of vegetable decay in sw-amps, is 
likel3^ to contain carbon dioxide ; very little 
effort has beem made to employ it technically. 

An artificial product, not unlike marsh gas in 
its origin, is the gas evolved by the anierobie 
digestion of sewage sludge. This gas contains 
some 70% of methane, together with carbon 
dioxide (29-30%) and small amounts of hjElro- 
gen, hydrogen sulphide, and organic sulphur 
compounds. It has been observed that the 
evolution of crude gas varies in amount from 
0-6 to 1-2 cu. ft. per day head of population 
served, according to the prevailing conditions 
of living. This process of sewage disposal has 
been fairly widely adopted, and the fuel formed 
has been found fully adequate to meet the power 
requirements of the plant concerned. The 
disposal of the digested sludge (which has some 
value as a fertiliser) is a problem which will have 
an important bearing on the future of this 
process, and hence on the availability of methane 
from such a source. The anaerobic digestion of 
waste vegetable matter appears to constitute a 
potential source of methane, however, par- 
ticularly in tropical countries. 

The most important artificial sources of 
methane derive from the distillation of coal. 
The maximum direct yield {ca. 50%) is obtained 
at about fiOO^'c., corresponding to standard low- 
temperature carbonisation processes. At higher 
temperatures the yield is less (more hydrogen 
being produced), and town’s gas generally con- 
tains between 25 and 35% of methane. Coke- 
oven gas is similar in constitution to town’s gas, 
but, on the average, contains a little less 
methane (c/. Gas, Coal, Vol. V, 430d). Pro- 
cesses involving the hj^drogenation of coal and 
oil yield gases containing 30% or more of 
methane, whilst oil-cracker gases contain 25- 
46% (c/. Hydeooenation of Coal, Vol. VI, 
364c). 
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Of these industrial gases, only town’s gas is 
produced primarily as a fuel. The others are 
used incidentally as such, notably coke-oven 
gas, which is generally employed to heat the 
settings, but is sometimes utilised also as a 
sour(!e of hydrogen ; cracker gas is an im- 
portant source of olefins. 

In connection with the synthesis of ammonia, 
coke-oven gas {cf. Vol. II J, 268c) is separated by 
refrigeration (e.g., in the Linde-Bronn plant) 
with the formation of a liquid rich in methane 
(ca. 75%). This is normally re-evaporated and 
used as a fuel to heat the settings, but it could, 
in principle, bo diverted to more profitable uses. 
The separation of methane from mixtures con- 
taining 30% or less, either by refrigeration or by 
solvent extraction might, in itself, prove to be 
uneconomic, in which case the initial methane 
content could be raised by a catalysed union of 
carbon monoxide and hydrogen, which, in coal 
gases, are the principal constituents other than 
methane. By a similar reaction, the synthesis 
of methane from gases of the water-gas type 
could be effected (r. Vol. II, 349c). Present 
tendencies in the Gas Industry, in the direction 
of the total gasification of coal, indicate the 
ultimate production of a gas rich in methane 
hy a combination of carbonisation and hydro- 
genation processes, 

XJnlike certain other potential fuels (e.^r., 
alcohol, benzene) methane is not in great 
demand for chemical synthesis. The manu- 
facture of carbon black is perhaps the only 
technical purpose for which it is at all widely 
used. Indeed, owing to its inactivity, it seems 
unlikely that methane will be employed to a 
great extent in chemical industry, and the 
world’s vast resources can therefore be assumed 
to be potentially available as fuel. 

It has been suggested that methane, by 
catalytic hydrolysis to water gas, followed by a 
Bergius or Fischer-Tropsch synthesis, might be 
converted to petrol. In this article however, 
only the application for fuel purposes of methane, 
as such, will be considered. 

Combustion Pbopebtius, 

Methane reacts with twice its own volume of 
pxygen ^vhen completely converted to carbon 
dioxide and vater. 

CH4+20j=.C0j5+2H20. 

The theoretical mixture with air therefore con- 
tains 9-47% o/ methane. Hydrogen and carbon 
monoxide (hence coal gas also) require less air 
for complete combustion but all gaseous hydro- 
carbons require more. 

The concentration range of inflammability in 
air {ca. 5-15%) is considerably wider than that 
of petroleum {ca. 2-6%) and other hydro- 
carbon fuels, but narrower than that of hydrogen 
(ca. 4-76%) or carbon monoxide {ca. 13-75%), 
or fuels rich in these gases (town’s gas, producer 
gos).^ This characteristic is reflected in the 
mixture range available in engines. 

The minimum temperature of ignition of 
methane so far observed is about 650°c. This 
corresponds to a considerable lag and probably 
represents the lowest temperature of any source 
capable of igniting the gas. Localised sources 


require higher temperatures, depending Upon 
their shape and size. Methane is thus more 
difficult to ignite than petrol (v» VoL IV, 420). 

The net calorific value of methane is 12,000 
kg.-cal./kg. (22,000 B.T.H./lb.), as compared 
with 10,710 kg.-cal./kg. for I'^o-octane and 
10,500 kg.-cal./kg. for No. 1 petrol. In the 
gaseous state the volumetric calorific value 
(895 B.T.U./cu. ft. at 60°f. and 30 in. of mercury, 
saturated with water vapour) is very high, and 
in the liquid form a value of 100,000 B.T.U./ 
gallon compares with 136,000 B.T.U./gallon for 
petrol. A gallon of liquid methane weighs 
4*3 lb. and yields approximately 1(K) cu. ft. of 
gas at normal temperature and pressure. The 
specific gravity of the gas is 0-65 referred to air 
as unity. 

Under comparable conditions the maximum 
speed of flame propagation for methane in air 
is similar to that for carbon monoxide, but it is 
greatly exceeded by that for hydrogen.® Thus 
I methane con replace town’s gas in appliances, if 
j the aeration is suitably increased, without 
I danger of “ striking back.” The tendency to 
“ blow-off ” may be increased, however. Since 
the flame speetls of other hydrocarbons are also^i 
greater than that of methane, it can be said that, 
when issuing rapidly from a container through a. 
small orifice, methane is one of the most difficult, 
fuels to ignite. 

Methane is a “ non-knocking ’'fuel for iaternall 
combustion engines, and i^an be employed at, 
very high compression ratios. Ricardo bas 
found a H.U.C.R. with methane of J4*5:l’ under 
conditions w^hich with «50-octan© gave 11:1. It 
has probably the highest knock -rating of all fuels. 

Like all gaseous fuels, methane has thtJ 
advantage of good distribution in internal com- 
bustion engin(*s and shows no tendency to dilute 
the lubricating oil. As a consequence of good 
distribution, gaseous fuels yield an exhaust gas 
of low carbon monoxide content, and by com- 
parison with heavier hydrocarbons methane 
gives little carbon deposition. By comparison 
with producer gas also, it is a “ clean ” engine 
fuel. 

Stobage. 

For purposes of transport and storage methane . 
can be accommodated : 

(i) at low pressure, in gas-bags, semi-rigid' 

containers, or gas holders ; 

(ii) compressed into gas cylinders, with or* 

without the use of adsorbent materials 

(iii) as a liquid at atmospheric pressure in' 

containers vacuum- jacketed or lagged* 
with insulating material. (Since its: 
critical temperature is — 82°c., methane^ 
cannot exist in the liquid form at- 
normal temperatures.) 

These three general methods increase in com- 
pactness in the order given. Thus, 1 g. of 
methane occupies 1,520 c.c. at 25°c. and atmo- 
spheric pressure, 6-3 c.c. at 3,000 lb. per sq. in. 
and 26°c., and 2*36 c.c. in the liquid form at- 
atmospheric pressure. The cumbersome cha- 
racter of the first method is emphasised by these: 
figures. 

The most suitable pressure at which to store 
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a gas for pnrpoHow ftf transport can bo <Jeter- 
ininod from the corresponding compressibility 
curve. K values and Gaddy ^ have shown that, 
at normal temperatures, the compressibility of 
methane is a maximum at about 150 atm., and 
above 200 atm. the amount of gas whicJi can be 
introduced into a given volume for a certain 
pressure-increment rapidly decreases. It is 
thus clear that since the strength of the cylinder 
must be increased with increasing pressure, the 
ratio of the weight of the container to the weight 
of its contents will grow rapidly above 200 atm. 
For this reason, this f)i(‘Hsure (3,000 lb. per stp in.) 
is the most suitable for the carriage of com- 
pressed methane on vehicles. Typical bottles 
designetl for the purpose, and confitru(;ted of 
high-tensile (nK'kel-chrome-molyhdenum) steel, 
weigh 124 lb. and ha ve a gas capacity of 350 cu. 
ft. at 3,000 11). j>er sq. in. (k)rres})onding static 
(‘vlinders, used for supplying the vehicles, must 
ru'cessarily work at a higlier pressure in order to 
maintain the filling head required. In this ease, 
the weight ratio is unimportant, how^ever, mid 
a, jjresHure of 5,000 lb. per sq. in. is found to be 
convenient. In a typical arrangement, banks 
of botth'H having a capacity of 0,300 (>u. ft. at 
5,0(K) lb. per sq. in. are used. 

It would be worth while considering, in cer- 
tain eases, the possibility of using light con- 
tainers incorporating an adsorbent material. 
Graham ^ has stated that at 30"c./5 atm., the 
capacity of a container for methane is iiuTeased 
seven times by the use of ehar<‘oal. At low^er 
temperatures this figiin? would be iiuTcascd, 
although at higher pressures less advantage is 
gained. 

The most compact form of methane for storage 
is the liquid. At no reasonable pressure can the 
specific volume of the gas be so far reduced. 
The technique ol handling and utilising liquid 
methane as a fuel has been developed by 
Egerton and his collaborators have 

shown that a vacuum -jacketed tank suitable for 
mounting on a vehicle, and weighing rather less 
than one of the 124-lb. gas cylinders, can accom- 
modate 20 gallons of liquid. Thus, the li<juid 
container holds more fuel than six gas cylinders 
of the same weight. 

The main objection to storage in the liquid 
form is the loss of fuel, duo to thermal leakage 
causing continuous evaporation. This can be 
considerably reduced by using a low-pressure 
tank with a relief-valve set to blow off somewhat 
above atmospheric pressure. Since there is no 
loss when the fuel is being used, liquid methane 
is advantageously employed in a freely vented 
tank in services in which the running time is a 
considerable part of the whole. Egerton has 
shown that where the load factor exceeds 20%, 
the effect of evaporative loss is unimportant. 
Aerial transport is an example of a high load- 
factor service to which liquid methane is well 
suited, and in this case little tank insulation is 
needed. Where the load factor is less than about 
20% the use of the pressure tank is certainly 
more appropriate. 

It is out of the question to store compressed 
methane on a very large scale, and the low- 
pressure method also suffers the disadvantage 
of tho great quantity of material needed to 


eoimti'iiet the gas-holder. The most satisfactory 
course is, evideritly, to employ the liquid form. 

The evaporative loss from insulated containers, 
expressed as a percentage of the total contents 
per day, diminishes as the size of the vessel in- 
ereast^s. Good vacuum vessels give figures 
varying from 10‘)() at J gallon capacity to about 
4% at 20 gallons c;a.paeity and 3^^, at 30 gallons 
capacity. It is not considered worthwliile to 
eonstnut va(*uum tanks of greater eapacuty 
thafi about 50 gallons. From 50 to about 25,000 
gallons, evacuated cork or slag-wool lagging is 
best, })ut above the latter ligiiro simple lagged 
tanks are satisfactory. Although lagging is a 
le*s8 efficient type of insulation than the vacuum 
jacket, veiy large tanks equipped in this way 
show evaporative rates of a fraction of 1% per 
day. 500,000 gallon vessels for the accommo- 
dation of liquefied natural gas, to be used as a 
“ calorific reservoir ” to meet peak demand of 
<*itv gas," have been erected in America. These 
fanks are situated above ground, but it seems 
tliat i?nproved saf(*ty and possibly insuJatif)!! 
might be alforfled by burying tliem. The con- 
structional material is nickel-steel, it being 
nee(‘s.sary to employ a metal wlii(4i n^tains its 
meehanieal properties at very low tempera- 
tures. The teehnicpic of handling and storing 
liquefied gases on a somewhat smaller scale is 
already familiar in many countries in connection 
with licpiid-air and similar plants. Jn the ease 
of large licpiid-methane storage tanks it should 
be possible usefully to employ the evaporated 
gas both as a cooling agent and as a fuel. 

The liquefaction of reasonably pure methane 
on the large s(‘alc involves the consumption of 
about 1-5 kw.-hr./gallon. In the case of natural, 
or other sources delivering at high pressure, this 
figure is subject to an important reduction on 
account of the work of edmpression of the 
methane being more or less discounted. 

Practical Applications. 

Steam Raising. — The simplest application of 
gaseous methane is as a boiler fuel, although it 
must be admitted that this takes no advantage 
of the special properties of methane, e.g.y high 
knock-rating and calorific value. Moreover, in 
being so used it would often replace a low grade 
of solid fuel which had little other use. 

However, in the case of a colliery where it has 
been found profitable to employ the gas from a 
“ blower in this way, the following typical 
arrangement has been made.® A 12 lb, per sq. 
in. booster makes good the pressure losses in the 
pipe-line and delivers gas to the burners at 5 lb. 
per sq. in. A device is incorporated which, in 
the event of the calorific value of the gas falling 
somewhat (by the introduction of air, for 
instance), immediately stops the booster. A 
flame trap to prevent firing back down the 
supply pipe is also fixed. The boilers can be 
fired by gas or coal as desired, the burners being 
projected through ports in the flue-tube end- 
plates, which are closed when solid fuel is 
employed. 

Heating, Lighting, etc. — ^In many parts of 
the world where more or less pure methane is 
readily available, it is employed as a domestic 
fuel. Sewage gas is used in this way in India 
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and elsewhere, and in the vicinity of the great 
oilfields of the world the abundant supplies of 
natural gas arc put to domestic uses. However, 
where unlimited supplies are not available, it 
appears inadvisable to employ so excellent a fuel 
as methane in an indiscriminate manner ; it is 
better used (e.y., in the liquid form) as a 
“ calorific reservoir ” for the enrichment of gas 
of low calorific value, in the way, for instance, 
in which oil gas is at present employed in some 
countries. 

Engine Fuel. — The use of methane as a fuel 
for internal combustion engines is an appli- 
cation which takes advantage of most of its 
valuable qualities. When employed in a suit- 
ably designed engine it is superior to petrol, and 
as used in a petrol engine it is probably the best 
substitute fuel available. It has not been 
widely utilised in this way, however, presumably 
owing to difficulties of handling. In Glermany, 
compressed sewage gas, and in Italy compressed 
natural gas, have been employed fairly ex- 
tensively, and in Great Hritain a certain amount 
of sewage gas is in use. It is reported that 
methane separated from coke-oven gas by the 
Lindo-Bronn process has been applied as an 
automotive fuel in Germany. In America, 
natural gas is noL much employed in this way 
owing to the abundance of petroleum. The 
application of liquid methane is scarcely beyond 
the experimental stage, but the technique has 
been worked out by Egerton jjj England 
and it is said that a fuU-scale scheme has been 
tried in Russia.* In the admixed state (e.p., as 
town’s gas) it has, of course, been more widely 
applied. 

In common with gaseous engine fuels, methane 
suffers the theoretical disadvantage of low 
volumetric efficiency as compared with liquids. 
In practice, however, since a certain amount of 
induction heating is generally employed to give 
good distribution with a liquid fuel, and such 
measures are not needed with a gas, the com- 
parison becomes more favourable to methane, 
and by a suitable application of the liquid form 
the disadvantage can be entirely reversed. 

Under the same engine conditions, the thermal 
efficiency with methane is greater than with 
petrol, an advantage which is increased by 
utilising the higher compression-ratios available 
in the former case. In the same way, the slight 
loss of power consequent upon using methane 
in a petrol engine can be redressed by an increase 
of compression ratio. 

Owing to the wasteful way in which petrol is 
necessarily fed to an engine, methane is much 
more economical for short-delivery service. It 
has been found that, although the calculated 
equivalent of petrol to methane is 1;1*5 gallons, 
owing to superior distribution the figures are 
about 1:1*4 in continuous running, and (owing 
to the consideration mentioned above) approach 
1:1‘2 on a “ start-and-stop ” service. 

The application to an engine of methane from 
low-pressure storage is not difficult. In the case 
of a suction iptake a slight throttling effects the 
necessary pressure reduction, whilst for a 
positiye-pressure feed, the gas is led directly to 
the fuel pump. 

In the case of high-pressure storage (3,000 ib* 


per sq. in.) the pressure reduction is effected by 
r^ulators in two stages,^® the intermediate 
pressure being of the order of 10 lb. per sq. in. 
When the fuel is stored in the liquid form a 
number of methods are available. The most 
obvious is to convert the liquid to gas before 
conveying it to the engine, by means either of a 
heater in the storage tank, or of an evaporating 
device to which the liquid is led under controlled 
conditions, and in which it is evaporated by the 
hot exhaust gases, or otherwise. A fundamental 
objection to these schemes lies in the fact that 
the refrigeration capacity of the cold fuel is not 
usefully employed. It is clear that this property, 
if suitably directed, allows of an increase of 
volumetric efficiency either by injecting the 
liquid into the air supply or by allowing heat 
exchange, whereby the intake air supplies the 
latent heat of evaporation of the fuel. 

In any arrangement in which the methane 
reaches the engine in the form of a gas, a gaa-air 
mixer of conventional design {see^ e.gr.,^®) may 
be employed, a suitable adjustment of the mix- 
ture strength being made. 

It would appear, however, that advantages 
should be gained by adopting alternatives to the 
ordinary suction-intake cycle. Thus, the volu- 
metric efficiency can be improved by employing 
a pressure-injection system with ordinary spark - 
ignition engines ; and, as Clarke has shown 
in the case of coal gas, by operating on the Otto 
cycle at a high compression-ratio, with gas 
injection during the compression stroke, fol- 
lowed by spaik-ignition, a considerable increase 
in power is derived. A further proposal is to 
work on the Diesel cycle, drawing in a methane- 
air mixture on the suction stroke and injecting 
a small amount of oil, sufecient to initiate 
ignition, during compression. 
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*^METHEDRINEr d-a-Phenyl-iS-metiiyl.’ 
aminopropane. For treatment of narcolepsy 
(v. Synthetic Dbugs). 

S E 

METHINE BASES (v. Vol. II, 481a, ‘ 6) 

M ETH I ON I N E, y • methylthiol •> a - amino- 
butjrrio acid, 

MeS*CHvCHjCH(NH8)COOH, 
m.p, 283® (decomp., after shrinking at 278®), 
Wo ~fi*fi7® (in water), is one of the moire recently 
dis^vered, and is, quantitatively at least, the 
most important sulphur-contain^ amino-acid 
in ordinary diet, and in proteins apart fimm 
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solcroprotcins. The percentage methionine con- 
tents of several proteins are shown in the table 
below. 


Laotalbnmin . . 2*3 Glelatin . . .1*0 

Egg albumin . . 4*5 Edestin . . .2*2 

Caseinogen . .3-1 Glycinin . . .1-8 

Vitellin . . .2-6 Wheat gliadin . 2-0 

Ox muscle . . 3-7 Zein . . .2-2 


Methionine does not appear to be present in 
insulin and tobacco mosaic-virus protein. It is 
the principal sulphur- containing amino-acid of 
caseinogen, and probably also of egg albumin 
(Pirie, feochem. J. 1933, 27, 202). Baemstein 
(J. Biol. Chem. 1932, 97, 669; 1934, 106, 451) 
regards methionine as being the only methyl- 
thiol compound in protein, which contains 
amounts varying from 26% of the total sulphur 
(in socallin) to 90% (in caseinogen). 

Methionine was discovered by Mueller (Proc. 
Soc. Exp. Biol. Med. 1922, 19, 348) among the 
products of hydrolysis of commercial caseinogen 
with sulphuric acid, and the name was suggested 
by Barger, who (with Coyne) synthesised the 
substance (Biochem. J. 1928, 22, 1417). Since 
then methionine has been made available for 
further study by the development of better 
syntheses, particularly by Barger and Weichsel- 
baum (Organic Syntheses, 1934, 14, 58), from 
j5-chlor-a-methylthiolethane and ethyl sodio- 
phthalimidomalonato (58% yield), and by Hill 
and Robson (Biochem. J. 1936, 30, 248) from 
ethyl y-chloro-a-benzamidobutyrate and sodium 
methylmercaptide. The synthetic material was 
resolved by means of the brucine salt, and the 
Msomer showni to be identical with the natural 
material. A colorimetric test for methionine 
with cupric chloride in hydrocliloric acid is 
described by Toennies and Kolb (J. Biol. Chem. 

1939, 181, 401). 

Of the naturally occurring amino-acids only 
methionine is known to give crystalline alkyl 
sulphonium salts 

~OOCCH(NH3)CH2«CH2S(Me)RX" 

by tlfb action of alkyl halides (Toennies, ibid. 

1940, 134, 465). Methionine in protein may be 

determined by the method of Baemstein {ibid. 
1936, 115, 33) modified by Kassel and Brand 
{ibid. 1938, 146), and, for the micro scale, 

by Kuhn et al. (Ber. 1939, 72 [B], 407), in which 
the methyl iodide evolved on heating with 
hydrogen iodide is taken as a measure of the 
methionine content, or the other reaction pro- 
duct, homocysteine thiolactone, determined 
volumetrically. Kolb and Toennies (Ind. Eng. 
Chem. [Anal.], 1940, 12, 723) utilise a method 
involving oxidation with hydrogen peroxide in 
perchloric acid to the sulphoxide. Rutenber 
and Andrews (J. Biol. Chem. 1937, 120, 203) 
apply the Benedict-Denis prOQedure {ibid. 1910, 
8, 401), for which they claim that 95% of theory 
is obtained. 

In 1924 Mueller showed that methionine was 
readily oxidised in man to sulphuric acid. 
Hrie (he.), in extending this observation, found 
that in the dog it is oxidised to the same extent 
as cystine, and it would appear that the first 


stage in the metabolism involves demethylation 
to give homocysteine. The importance of this 
step in biological' methylations, and in par- 
ticular, in providing methyl groups for the pro- 
duction of choline and creatine, is borne out by 
the work of du Vigneaud (J. Biol. Chem. 1940, 
184, 787) in feeding experiments with tri- 
deuteromethionine, and by the results of Griffith 
and Wade [ibid. 1939, 131, 667). That cystine 
itself may be a metabolic product is shown by 
the results of Tarver and Schmidt {ibid. 1939, 
130, 67), who isolated cysteine containing 
labelled sulphur Irom rats fed on methionine 
containing radioactive sulphur. The ability to 
increase the rate of conversion of guanidoacetic 
acid to creatinine by rat-liver slices appears to 
be a specific reaction of methionine (Borsook 
and Dubnoff, ibid. 1940, 132, 569). The possi- 
bility of methionine being a biological precursor 
of the thiazole component of vitamin-Bj has 
been investigated by Hariiigton and Moggridge 
(J.C.S. 1939, 443). 

Like choline, and unlike cystine, methionine 
has a lipotropic action, not so marked as that 
of choline. The lipotropic action of proteins 
may therefore depend on the cystine-methionine 
ratio. 

Methionine is one of the essential amino- acids. 
For replacement of endogenous nitrogen losses 
in the rat, as well as for growth requirements, 
it is generally accepted that cystine can cover 
only the cystine demands, whereas methionine 
can fulfil the requirements of cystine as well. 
It should be mentioned, however, that methio- 
nine, unlike cystine, has very little stimulating 
effect on w'ool growth (Marston, J. Agric. Sci. 
1935, 25, 113), and also fails to help the recovery 
of rats from a syndrome produced by a cystine- 
deficient diet (Weichselbaum, Quart. J. Exp. 
Physiol. 1935, 25, 363). 

As with other sulphur compounds, the detoxi- 
cating action of methionine is shown by its 
ability to stimulate growth when added to 
diets containing methylcholanthrene, benz- 
pyrene, or diphenyl- or iodo-acetic acid. 

A. L. 

METHYL, CHg, a univalent alkyl radical, 
often written as Me. The compound prepared 
' by Frankland and by Kolbe (1848-50) and 
thought by them to be free methyl was actually 
ethane, C H j'C H g. The existence of free methyl 
was first demonstrated by Pancth el al. (Ber. 
1929, 62 [B], 1335). I^ad tetramethyl vapour 
was decomposed thermally at 600-800® in a 
rapid stream of hydrogen at 1-2 mm. pressure, 
when a lead mirror was produced and methyl 
obtained as a free radical with a half-life period 
of the order of 0*006 sec. The formation of 
methyl in other reactions has been shown, e.^., 
thermal decompositions at 800-1, 060® of hydro- 
carbons, aldehydes, ketones, and others (Rice, 
Johnston, and Evering, J. Amer. Chem. Soc. 
1932, 54, 3629), the interaction of sodium and 
methyl iodide vapours at low pressures (Hartel 
and Polanyi, Z. physikal. Chem. 1930, B, 11, 
97), and the photochemical decomposition of 
ketones in the gaseous phase (Norrish el al.y 
J.C.S. 1934-38). In the absence of other 
reactants, free methyl forms ethane ; with 
iodine, methyl iodide is formed, and certain 
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iDetalH are ron verted into organoinetallic com- 
pounds, r.f/., PbMe^, ZnMeg, HgIVlej, AsMeg, 
etc. 

Brief accounts follow of the following methyl 
compounds : amine» ; cyanide, ?‘^ocyanide, i.so- 
eyanate, thiocyanate, /.sothiocyanate, (‘tliera ; 
halides ; nitrite, nitrate ; sulphides, sulphites, 
sulphates, aulphonatea ; methylene compounds. 


Metuylamines. 



Mono- 

l)i- 

Tri- 


methyl - 

methyl- 

m(*tliyl 


amine. 

amine. 

amine. 

Format] a 

NHzMe 

NHMcj 

NMej 

F.p .... 

- 02-5“ 

-06“ 

-117 2“ 

B.P 

-6-7"^ 

7-2-7-3“ 

3-2 3-8" 

p 


0-6H(K5 

0-6700 


( ■ lO-S") 

( 6-8^) 

(0“) 

(Irit. tciii]). . 


164 6" 

160 5“ 

Crit. presBun^ . 
Basic (iisaociation 

7.3 0 atm. 

J64-6 atm. 

41 atm. 

constant . 

5 V ] ()-*» 

7-4 X 10' 4 

7-4 X KPJ 

M.p. of B,HCI . . 

225-226" 

171“ 

277- 278" 

M.p. of B.HBr 

250-251" 

133 5" 

243 245“ 

M.p. of B,HI . . 

260-270’ 

1 55“ 

263“ 

M p. of B.HNO,, . 

09 100" 

74“ 


M.p. of picrato. 

215" 

1.58“ 

216“ 

Acetyl dcriv. . 

M.p. 2S-, 
B.p. 206" 

B.p. 165“ 

N one 

Benzoyl deiiv. 

M.p. SO" 

M.p. 41“, 
B.p. 255 ’ 

Konc 


All are colourless gases at room temperature, 
with characteristic odours, that of methylamine 
and dimethylaminc being arnmoniacal, and that 
of trimcthylarnine rather more fishy. They are 
inflammable, burning with yellow flames. 
Methylamines are very aolublc in water to give 
strongly alkaline solutions, and arc more basic 
than ammonia (basic dissociation constant 
2 X 10”®). One volume of water dissolves 1 ,153*9 
volumes of methylamine at 12*5^, and 959 
volumes at 25“^. Hydrates described arc 
NHgMCjHgO, a liquid with 0*8993, and 
NH2Me,3H20, m.p. -35*8"; NHMe2,H20, 
a liquid p^®*® 0*8120 and NHMe2,7H20, m.p. 
-16*85"; N M 63,1 IHgO, m.p. 5*34". 

Several of the methods of preparation give 
mixtures, and various methods are available for 
the separation of mixtures of two or more mem- 
bers of the series consisting of ammonia and the 
throe methylamines. On a small scale the four 
can be separated by Bertheaume’s method 
(Compt. rend. 1910, 150, 1251), viz. conversion 
into the hydrochlorides, evaporation to dryness, 
and treatment with dry alcohol-free chloroform, 
which dissolves out dimethylaminc and tri- 
methylamine hydrochlorides. These are dis- 
solved in 2,000 parts of water, after removal of 
the chloroform, and tri methylamine precipitated 
as the sparingly soluble periodide NMCglg, 
m.p. 66° (Delepine, Ann. chirn. 1896, [vii], 8, 
452) by a solution of iodine in potassium iodide. 
The chloroform-insoluble ammonium chloride 
and methylamine hydrochloride mixture is 
separated by treating in solution with mercuric 
oxide in the presence of sodium hydroxide and 
carbonate, when the ammonia is absorbed and 
methylamine left in solution (Erdmann, J. Biol. 
Chem. 1910, 8, 41). Alternatively, the mixture 
of methylamines and ammonia can be treated 
with formic or higher fatty -acids or their esters 
to give amides, and the unchanged trimethyl- 
amino removed, whilst the amides (e.g., 
formamides) can bo separated by fractional 


distillation and the amines recovered by 
hydrolysis (H.S.l*. 2310478; G.P. 454459). On 
a large s(!aic, separation of the amin(’>s (jari be 
achieved by fractional distillation under normal, 
or mon^ usually, increased pressure, but (Compli- 
cations occur owing to the formation of various 
azeotropic mixtures, although the composition 
of these can be varied by (changing the ])reHSure 
(e.f/., for methylamitie-triinethylariiine mixture.s, 
.s'cc r.iS.P. 2 i 26600). Other methods involve 
the use of solv('nts, c.(/., trimcthylarnine and 
ammonia can bc^ 8 C])arated by selectively absorb- 
ing the triiricthylamino in organic solvents or 
solutions of inorganic salts (U.S.P. 2125905; 
B.P. 475818). Ammonia can be removed from 
trimethylaminc -ammonia niixtim's by addition 
of an inert substance (e.g'., an ether or C 4 ali- 
phatic hydrocarbon) which is capabh' of forming 
with ammonia a binary azeotropic mixture of 
lowf'r boiling-point than that of the trimethyl - 
amine-ammonia azeotrope (U.S.l^. 2091636). 
(aS'cc also Annual Rep. Prog. Apj). (diem. 1938, 
23, 139.) 

For general rccactions of incthylarnincs, r. 
Amines, V'oI. I, 3125. 

Methylamine, NHgMe. — Occurs in certain 
plants as 3fpntha aquaiira L., Mercuriaiis 
'perennis L., M . annua L., and Leptotamm dis- 
sficta. It has also been found in the flesh of the 
coot {Fulica aim), in herring brine, in (crude 
wood spirit, and among the products of dry 
distillation of sugar-beet molasses. 

A (convenient jrreparation is by the intcu’action 
of formaldehyde and ammonium chloride : 

2 HCHO+NH 4 CI NH 2 Me,HCH-H*COOH. 

The yield is 45-50% of theory (Organic Syn- 
theses, Coll. Vol. 1, 1941, p. 347). M(cthodH 
have been developed for the production of 
methylamine from methyl alcohol and ammonia 
by passage over various catalysts, c.(/., alu- 
minium silicate (IT.S.P. 1875747), charcoal and 
alumina (U.S.P. 2017051), or alumina gel in a 
tube lined with manganese-copper alloy at 
380°/80 atm. (B.P. 422563). Turner and 

Howald prepared methylamine in 55% yield by 
8 hours’ heating, at 300° in an autoclave, of a 
mixture of methyl alcohol, ammonium chloride, 
and zinc chloride (3. Amer. Chem, Soc. 1920, 42, 
2663). The numerous other methods of prepara- 
tion include reduction of hydrogen cyanide with 
hydrogen in the presence of the cyanides of 
hydrogenating metals (U.S.P. 2072247) ; reduc- 
tion 5f chloropicrin with iron and acetic acid 
(Geisse, Annalen, 1859, 109, 282) ; reduction of 
hexamethylenetetramine with zinc and hydro- 
chloric acid (G.P. 73812) ; electrolytic reduction 
of nitromethane (Pierron, Bull. Soc. chim. 1 899, 
[iii], 21, 783) ; reduction of methyl nitrite 
(Gaudion, ibid, 1910, [iv], 7, 824) ; reduction 
of formaldoxime (Takaki and Ueda, J. Pharm. 
Soc. Japan. 1938, 58, 276) ; action of ammonia 
on methyl iodide (Hofmann, Annalen, 1851, 79, 
16) ; action of ammonia on methyl chloride 
(Vin< 3 ent, Chappuis, Bull. Soc. chim. 1886, [ii], 
45, 499) ; action of ammonia on dimethyl sul- 
phate (Denham and Knapp, J.C.S. 1920 , 117, 
236) ; Hofmann degradation of acetamide with 
bromine and alkali (Hofmann, Ber. 1882 , 16, 
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765) ; action of sodamide on methyl iodide 
(Chablay, Compt. rend. 1913, 156, 328) ; 
passage of dimethyl ether and ammonia over 
alumina at 300-450° (U.S.F. 1946245); and 
treatment of imidea, such as phthalimide and 
succinimide with formaldehyde under heat and 
pressure (G.P. 523693). 

Methylamine may be distinguished from 
ammonia by its inflammability, inability to dis- 
solve the hydroxides of cadmium, nickel, and 
cobalt, and by the production of a violet colour 
when the hydrochloride is warmed in alcohol 
with tetrachlorobenxoquinone (Tsalapatani, 
Chem. Zentr. 1908, I, 299). It may be dis- 
tinguished from di- and tri-methylarnines by 
the formation of a yellow precipitate, insoluble 
in excess of water, with Neasler’s reagent, 
whereas the other two amines give white precipi- 
tates soluble in exc^ess of water (Delepine, Compt. 
rend. 1896, 122, 1272). 

Although methylamine would be readily avail- 
able adequate uses have not yet been found. 
It has been investigated as a refrigerating 
medium in dry-absorption refrigerating machines 
(Vahl, Z. ges. Kiilte-lnd. 1931, 38, 177; Re- 
frigerating Eng. 1932, 23, 351), and the use of 
methylamine and ethylene glycol together in 
refrigerating systems has been patented (B.P. 
329790; U.S.P. 1914222). The perchlorates of 
the methylamines can be used as explosives 
(Amer. Chem. Abstr. 1922, 16, 344; B.P. 
168333). It has been used in the production of 
urea-formaldehyde plastics (G.P. 613678). 

Among compounds related to methylamine are 
methylchloramine NHMeCI, an oil with an 
irritating odour, obtained by distilling methyl- 
amine hydrochloride with sodium hypochlorite ; 
mzthyldichloraminey NMeCIg. a yellow liquid, 
b.p. 59°, made from methylamine hydro- 
chloride and bleaching powder ; 7mthylniiro- 
amine, NHMeNOj, long needles, m.p. 38°, 
prepared by nitrating N- methyl urethane and 
treatment with ammonia ; it forms metallic 
salts, e.g., N Me: NO (OK), m.p. 220°, which is 
explosive ; 7nethylthiona7nic acid, N H MeSOgHja 
white unstable solid, made from methylamine and 
sulphur dioxide ; tMoiiylmethylamine, NMe:SO, 
an oil, b.p. 58-59°, made from methylamine and 
thionyl chloride ; and methylaTnmoTnethyl alcohol, 
NHMeCHgOH from methylamine and form- 
aldehyde. 

Dimethylamine, NHMej. — Occurs in her- 
ring brine and among the products of putre- 
faction of fish. 

Convenient methods of preparation are by 
heating p-nitrosodimethylaniline or 2:4-dinitro- 
dimethylaniline with potassium hydroxide solu- 
tion : 

y-NMeaC8H4NO+KOH 

-NHMea+p-KOCgH^NO 

^ertens, Ber. 1877, 10, 945; Norris, Amer. 
Chem. J. 1898, 20, 54), or from ammonium 
chloride and formaldehyde solution : 

4HCHO+NH4CI 

-NHMej,HCI-l-2HCOOH 

(Wrnier, J.C.S. 1917, 111, 850). 

Other methods of preparation include the 


passage of methyl alcohol and ammonia over 
silica gel at 480° (18% yield) (Brown and Reid, 
J. Physical Chem. 1924, 28, 1075) ; passage of a 
mixture of methyl alcohol (or dimethyl ether), 
ammonia, and trimethylaraine over alumina gel 
at 300-450°/50 atm. (B.P. 422564) ; heating 
methyl alcohol, ammonium chloride, and zinc 
chloride at 300° (T\irner and Howald, J. Amer. 
Chem. Soc. 1920, 42, 2664) ; reaction of sodamide 
with methyl iodide in methyl alcohol, or with 
dimethyl sulphate (Traube, Kegel, and Schulz, 
Z. angew. Chem. 1926, 39, 1467) ; electrolytic 
reduction of hexamethylenetetramine in dilute 
sulphuric acid, or of formaldehyde and methyl- 
amine (Knudsen, Ber. 1909, 42, 3998) ; and 
from methyl iodide and alcoholic ammonia 
(Hofmann, Proc. Roy. Soc. 1862, 329). 

Dimethylamine has been employed as an ac- 
celerator in vulcanising rubber, and in the manu- 
facture of detergent soaps. The perchlorate can 
be used as an explosive (B.P. 168333). 

Tri m et h y I am i n e, N M 63 . — Occurs in various 
plants, e.g., Chenopodiurn vulvaria, Arnica 
Tnontana, Rhagodia hastata, Mcdicago saliva, 
Amorphophallus rivieri, Boletus edulis, etc., haw- 
thorn, pear, and wild-cherry blossom, in ergot, 
in certain lichens {e.g., Slicta fuliginosa), in 
hops, in cod-liver oil, in bone oil, and in guano. 
It is found in various animal fluids, as in human 
urine (especially after feeding increased amounts 
of lecithin), and in the tissues and excreta of 
fish, and in large quantities in herring brine, 
from which it is isolated on a large scale. The 
residual liquors from sugar-beet molasses 
(“ vinasscs ”) contain appreciable quantities of 
betaine, and trimethylamine can be prepared by 
dry distillation, or by treatment with mineral 
acid followed by distillation with alkali ( Duvillier 
and Buisine, Ann. Chim. Phys. 1881, [v], 23, 299). 

Trimethylamine can bo obtained readily in 
90% yield by heating ammonium chloride and 
paraformaldehyde, initially at 85-105° and 
finally at 160°, and liberating the free base by 
heating Avith caustic soda : 

3(CH20)3+2NH,CI 

=2NMe3,HCI+3C0a+3H20 

(Organic Syntheses, Coll. Vol. I, 1941, pp. 528, 
531). Other methods of preparation include 
the circulation of methyl alcohol and ammonia 
over a dehydrating catalyst at 300-350° until 
the product contains at least 85% of trimethyl- 
amine (U.S.P. 2153405); interaction of form- 
aldehyde and ammonium chloride under pressure 
(Koeppen, Ber. 1905, 38, 882) ; reaction of 
formaldehyde, formic acid, and ammonia 
(Sommelet and Ferrand, Bull. Soc. chim. 1924, 
[iv], 35, 446) ; and distillation of tetramethyl- 
ammonium hydroxide (Schmidt, Annalen, 1892, 
267, 254). 

Trimethylamine can be converted into a 
number of compounds of physiological interest ; 
thus with ethylene oxide, choline is formed : 


O+HjO 

-HOCHgCHjNMejOH, 


NMe3+ 


CH 


»\ 


CH/' 



METHYL. 


8 

Betaine is formed with chloracetic acid : 

NMe,-} CHgCl COOH 

^NMeaCHjCOO+HCI 

and neurine with ethylene dibromide : 

NMea+CHaBrCHgBr 

-CHjjBrCHjNMesBr 

^ CH,:CH NMe,OH+2AgBr. 
Trimethylamine Oxide, NMCgO, is 

w'idely distributed in fish and animal tissues 
(Kapeller-Alder and Krael, Biochem. Z. 1930, 
224, 364). It may be prepared by the action 
of methyl iodide on hydroxylamine, or better, 
by treatment of trimethylamine with 3% 
hydrogen peroxide at room temperature (I)un- 
Btan and Goulding, J.C.S. 1899, 75, 792, 1004). 
On heating, formaldehyde and diinethylamino 
are formed ; 

NMe^O-NHMea-f HCHO. 

It separates from water as the dihydrate, m.p. 
266-267°. The anhydrous compound forms 
needle-shaped crystals, m.p. 96°. 

Tetramethylammonium Compounds. — 
Teiramethylammonium Iodide is formed by the 
addition of methyl iodide to trimethylamine, 
and is the chief product from the action of 
ammonia on an excess of methyl iodide (Hof- 
mann, Proc. Roy. Soc. 1851, 381). It is a 
crystalline substance, soluble in hot water, 
sparingly so in cold, and decomposes on heating 
above 230°. The chlorine and bromine com- 
pounds are similar. When the iodide is treated 
with moist silver oxide, or the chloride with 
potassium hydroxide in methanol, the free base, 
tetramethylammonium hydroxide, NIVIe4*OH, is 
formed. It forms a pentahydrate, m.p, 62-63°, 
a trihydrate, m.p. 69-60°, and a monohydratc 
which decomposes without melting at 130-136° 
to give methyl alcohol and trimethylamine. 
The hydroxide is a strong, hygroscopic base, 
which absorbs carbon dioxide from the air and 
will saponify fats. It forms salts with acids. 

Tetramethylammonium salts form a series of 
complex polyhalides of the type N M e 4 ,X;c where 
X is 3, 6, or 7 {e,g., Chattaway and Hoyle, J.C.S. 
1923, 128, 654). 

A solution of free tetramethylammonium has 
been obtained by treating tetramethylam- 
monium chloride with metallic lithium in liquid 
ammonia. Tetramethylammonium amalgam has 
been prepared by the electrolysis at —36° of 
tetramethylammonium chloride in alcoholic 
solution, using a mercury cathode. It is un- 
stable and decomposes rapidly, probably accord- 
ing to the equation : 

4Hga,N Me4«4N M Cgd- 2CH^+ C^H^+AxHg 

(McCoy and West, J. Physical Chem. 1912, 16 
261). 

Methyl Cyanide (Acetonitrile, Cyano- 
xnethane), MeCN. — ^A colourless' liquid, b.p. 
81-6°, Ip. -44-9°, pf 0-7828, with a pleasant 
ethereal odour, miscible with water, from which 
it separates on the addition of sodium chloride. 

It bums wdtb a luminous flame with a peach- 
red-coloured edge. 


It may be prepared by distilUng ammonium 
acetate or acetamide with phosphorus pentoxide 
(Dumas, Compt. rend. 1847, 25, 383) ; from 
aqueous potassium cyanide and dimethyl sul- 
phate (Walden, Ber. 1907, 40 , 3216); from 
methyl iodide and aqueous potassium cyanide 
(Henry, Compt. rend. 1887, 104 , 1181); by the 
decarboxylation of cyanoacotic acid at 166° 
(Van’t Hoff, Bor. 1874, 7 , 1383); by passing 
acetic anhydride and ammonia over alumina at 
600-600° (Van Epps and Reid, J. Amer. Chem. 
Soc. 1916, 88, 2130) ; and by the passage of 
methyl alcohol and hydrogen cyanide vapours 
over a catalyst (G.P. 463123). It is among the 
products formed by passing acetylene and 
ammonia over a catalyst at 350° (G.P. 296276) ; 
it has also been prepared by numerous other 
methods. 

Methyl cyanide is a good solvent for many 
organic compounds and forms numerous addition 
compounds with acids and metallic salts. 

Methyl isoCyanide (Methylcarbylamine, 
tsoAcetonitrile, isoOyanomethane), Me N C . — 
A liquid, b.p. 59-6°, f.p. —45°, with a very un- 
pleasant odour and burning with a bluish-green 
flame ; it explodes readily, is extremely poison- 
ous, and is soluble in 10 parts of water at 16°. 

It can be j)repared by heating methyl iodide 
with silver cyanide at 120° and decomposing the 
resultmg addition compound, MeNC-AgCN, 
with potassium cyanide solution (Gautier, 
Aim. Chim. Phys. 1869, [iv], 17, 215). A large 
number of addition compounds with metallic 
salts are known. 

Methyl /soCyanate, MeNCO. — A liquid, 
b.p. 43-46°, with a pungent odour, prepai’ed from 
potassium cyanate and dimethyl sulphate in the 
presence of lime (Slotta and Tschesche, Ber. 
1927, 60 [B], 298), or from methyl iodide and 
silver cyanate (Polonovski and Nitzberg, Bull. 
Soc. chim. 1916, [iv], 19 , 29). Readily poly- 
merises to trimethylisocyanuric acid. Methyl 
cyanate is not known. 

Methyl Thiocyanate, MeCNS. — A liquid, 
b.p. i30°, f.p. —61°, prepared from dimethyl 
sulphate and barium thiocyanate (Schmitz, 
Chem. Zentr. 1913, II, 1348) or from potassium 
thiocyanate and calcium methyl sulphate (Mus- 
pratt, Annalen, 1848, 65 , 269)* On heating to 
180° it is partly converted into methyl mo- 
thiocyanate. 

Methyl isoThiocyanate (Methyl mustard 
oil), MeNCS. — A white crystalline solid, m.p. 
36-93°, with an odour similar to that horse- 
radish. It is prepared from methylamine and 
carbon disulphide (Del^pine, Bull. Soc. chim. 
1908, [iv], 8, 642). 

Dimethyl Ether, Me20. — A colourless gas 
with an ethereal odour, f.p. -138-5°, b.p. — 28'6°, 
sp.gr. of gas 1-617 (airs=l), flash point -41°; 
bums with a slightly luminous flame. One 
volume of water dissolves 37 volumes of the 
at 18°. It is readily prepared by heating met£yl 
alcohol with oorc. sulpnuric acid (Erlenm^er 
and Krieohbaumer, Ber. 1874, 7, 699) or with 

« oric acid (Newth, J.C.S. 1901, 79, 917)* 
^hydration of methyl alcohol may be 
carried out in the vapour phase by paeshig over 
heated pumice soaked in sidphurio acid 
(Senderens, Compt rend* 1981, 199, 1886). On 
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the large scale methyl alcohol is passed over a 
suitable catalyst, t.g.j aluminium phosphate at 
375716 atm. gives a 99% yield (U.8.P. 1949344). 
Complete synthesis may be achieved by passing 
a mixture of carbon monoxide and hydrogen 
over a catalyst (e.gr., zinc oxide with reduced 
copper) at 600°/ 126 atm. and then over a 
dehydrating catalyst (e.gr., partly dehydrated 
aluminium hydroxide) at 300°/25 mm. (B.P. 
278363). 

Dimethyl ether is used as a refrigerant. It 
may be allowed to come into direct contact with 
foodstuflFs for quick freezing as after evaporation 
no foreign taste or odour remains. As an 
anfpsthotic, it is less efficient than diethyl ether 
(Amiot, Presse m6d. 1932, 40, 300). 

A series of addition compounds is formed 
with halogens and hydrogen halides at low 
temperatures, e.^., Me20,HCI, m.p. — 97 1°, 
Me20,4HCl, m.p. -102*8^ Me 20 ,HBr, m.p. 
-13°, and Me20,H I, m.p. -22°. With chlorine, 
monochloro-, ^ym-dichloro- and perchloro* 
dimethyl ethers are formed. 

For general properties of dimethyl other, see 
Ethees, Vol. IV, 351c. 

Monochloromethyl Ether, CHgCI OMe. 
— A liquid, b.p. 69*2°, pj® 1 0771, prepared in 
86-89% yield by passage of hydrogen chloride 
into a mixture of methyl alcohol and 40% form- 
aldehyde solution (Organic Syntheses, Coll. 
Vol. 1, 1941, p, 377). It is partly decomposed 
on distillation, depositing paraformaldehyde, 
and reacts with water to give formaldehyde, 
methyl alcohol, and hydrochloric acid. With 
lead salts of organic acids, methoxymethyl esters 
are formed. MoiKjbromotmthyl ether ^ b.p 87°, 
and monoiodormthyl ether ^ b.p. 124°, aie pre- 
pared in a similar manner. 

Sym-Dichloromethyl Ether, (CHCl2)20- — 
A liquid, b.p. 106°, 1-328, prepared by add- 

ing sodium chloride to paraformaldehyde in 
cone, sulphuric acid (Stephen, Short, and Glad- 
ding, J.C.S. 1920, 117, 610), or from para- 
formaldehyde, chlorosulphonic acid, and cone, 
sulphuric acid (Fuchs and Katscher, Ber. 1927, 
60 [B], 2293). &ym- Dibromomethyl ether ^ b.p. 
150°, is made in a similar manner, and sym- 
diiodomethyl ether, b.p. 216-219°, from hydrogen 
iodide and paraformaldehyde. 

Methyl Fluoride (fluoromethane), MeF.— 
A colourless gas, m.p. —141*8°, b.p. —78-2”, 
at normal b.p. 0-8817, crit. temp. 44-55°, crit. 
pressure 68-0^0-2 atm., compressibility at 0°, 
1-0114. It can be prepared in 80% yield from 
mercuric fluoride and methyl iodide (Swarts, 
Bull. Soc. chim. Belg. 1937, 46, 10), by heating 
tetramethylammonium fluoride and by the 
reaction of potassium methyl sulphate and 
potassium fluoride (Cawood and Patterson, 
J.C.S. 1932, 2180). 

Methyl Chloride (chioromethane), MeCl. — 
A colourless gas with an ethereal odour and sweet 
taste, and burning with a green-edged flame. 
M.p. —*93*^ (Baume and Borowski, J. Chim. phys. 
1914, 12 , 281), b,p. -24 09° (Gibbs, J. Amer, 
Cham,. Soc. 1905, 27 , 861). Crit. temp. 416*3 °k., 
crit^pressure 65-86 atm. (Chem. Zentr. 1908, 1, 
Solubility in vols. per vol. of solvent at 
20^; bensBMie 47-23, carbon tetrachloride 37-56, 


glacial acetic acid 36-79, ethyl alcohol 34-70, 
water 3*03 (Mamedalier and Musakhanly, J. 
Appl. Chem. Russia, 1940, 18, 736). 

1-3830 (Grosse, J. Amer. Chem. Soc. 1937, 59, 
2739). 

It may bo prepared from methyl alcohol, 
sodium chloride, and sulphuric acid, or from 
methyl alcohol and hydrochloric acid in the 
jiresence of zinc chloride. Methyl alcohol and 
anhydrous aluminium chloride at 140° give a 
100% yield of methyl chloride (Norris and 
Sturgis, ibid. 1939, 61, 1413). 

Methyl chloride can be made on the large 
scale by starting with sugar-beet molasses, 
methyl alcohol, or methane. The residual 
liquors from beet molasses are rich in betaine, 

Me 3 N-CH 2 -COO“ and yield trimethylamine 
on dry distillation at about 300° ; this is then 
decomposed by heating with hydrochloric acid : 

Me3N,HCl-f3HCl-=3MeCH-NH4CI. 

It can be prepared from methyl alcohol and 
hydrochloric acid in the presence of zinc chloride 
solution (e.gr. G.P. 671086, F.P. 768481), or the 
reaction may be carried out in the gas phase by 
passage of methyl alcohol vapour and hydrogen 
chloride at increased temperature over a suitable 
catalyst, sucli as activated charcoal and phos- 
phoric acid (G.P. 478126), silica at 250-300° 
(G.P. 503716), alumina at 150-360° (U.S.P. 
1834089), etc. The preparation in almost 
(|uantitativc yield is possible by the direct 
chlorination of methane under carefully con- 
trolled conditions {e.g., McBee, Hass, Neher 
and Strickland, Ind. Eng. (^diem. 1942, 34, 296 ; 
U.S.P. 1723442; Canad. P. 306629; B.P. 
342329). Other methods include the interaction 
of 3 vols. of methane and 2 vols. of phosgene 
at 400° (G.P. 292089), and the passage of 
dimethyl ether and hydrogen chloride over 
alumina at 280-400° (U.S.P. 1920846). 

When methyl chloride is allowed to evaporate 
considerable cooling occurs, straight evaporation 
producing a temperature of —23° ; the tempera- 
ture reached may lie as low as *-65° if vaporisa- 
tion is accelerated by a stream of air, and methyl 
chloride has sometimes been used as a local 
ana*sthcti(‘. It is widely used as a refrigerant, 
wffien the hazards of accidental escape are in- 
flammability and ioxic’ity (Churchill and Wil- 
liams, Refrigerating Eng. 1933, 25, 256). The 
lower and upper explosion -limits of methyl 
chloride by percentage volume in air are 8*1 and 
17-2 (Freitag, Amer. Chem. Abstr. 1940, 34, 
2174), and explosions in refrigerating plants have 
been reported (Koch, ibid. 1942, 86 , 2726). 
For histories of eases of accidental methyl 
chloride poisoning, ^ee Jones (Quart. J. Med. 
1942, 11, 29). For detection and estimation in 
air, see Martinek and Marti (Ind. Eng. Chem. 
[Anal], 1931, 3. 408; U.S.P. 1804544). 

Methyl chloride has also been used as a 
methylating agent in dye manufacture, and as a 
solvent for extracting perfumes from flowers. 

Methyl Bromide (bromomethane), MeBr. 
— A colourless gas at room temperature, with 
an odour resettibling that of chloroform. B.p. 
4-5°, m.p. --93°, pj 1-732. It can be prepared 
conveniently from methyl alcohol, potossinm 
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ibromide and snlphurio acid (Bygd6n, J. pr. 
Chera. 1911, [ii], 83, 422), or from methyl 
alcohol, bromine arid red phosphorus (Pierre, 
Ann. Chim. Phys. 1845, | iii], 15, 373). Methods for 
large-scale preparation include the passage of 
methyl alcohol vapour and hydrogen bromide 
over activated charcoal and phosphoric acid at 
280-320” (G.P. 478126). 

Methyl bromide is used as a fire extinguisher, 
for which purpose it is usually kept in scaled 
vessels under constant pressure and released by 
the destruction of the sealing device {v. Eire 
Extinction, Vol. V, 209d). The vapour is 
poisonous and can bo detected by a halide 
detector lamp (Anon., Amcr. Chem. Abstr. 1941, 
36, 1355). It has been employed as a fumigant 
(Andrews et al., ibid. 1943, 37, 3550) (v, Fitmi- 
OATiON, Vol. V, 397a). It is effective as a non- 
inflamraable rodenticid(i (Berry, Bull. Dept. 
Agric. Calif. 1938, 27, 172). It can be used as a 
methylating agent (Lucas and Young, J. Amer. 
Chem. Soc. 1929, 61, 2535) and has been sug- 
gested for use as a refrigerating agent (U.S.P. 
1547202). 

Methyl Iodide (iodomethane), Mel. — A 
colourless liquid with a sweet ethereal odour, 
m.p. -66-45”, b.p. 42-47760 mm., pj 2-3346, 

2-25102, Tijy 1-5293. A brown colour due to 
the separation of iodine develops slowly on ex- 
posure to light, and this may bo greatly retarded 
by the addition of a drop of mercury. Soluble 
in about 50 parts of water. 

Convenient methods of preparation are from 
methyl alcohol, iodine, and a mixture of rod and 
yellow phosphorus (Organic Syntheses, Coll. 
Vol. II, 1943, p. 399), and from potassium iodide 
and dimethyl sulphate at 60-70” in the presence 
of calcium carbonate (ibid., p. 404). Both 
methods give yields of 90-95% of theory. Other ; 
methods of preparation include the slow distil- j 
lation of methyl alcohol and a large excess of ) 
constant- boiling hydriodic acid (Norris, Amer. J 
Chem. J, 1907, 38, 639), interaction of aqueous ] 
potassium iodide and methyl p-toluenesul- i 
phonate (Peacock and Menon, Quart. J. Indian ^ 
Chem. Soc. 1925, 2, 240 ; Kodionow, BuU. Soc. 
chim. 1926, [ivj, 39, 323), and the electrolysis of ^ 
aqueous potassium acetate in the presence of 1 
iodine or potassium iodide (Kaufler and Heraog, i 
Ber. 1909,42,3860). 

Methyl iodide is widely used in the laboratory, i 
especially as a methylating agent, owing to the f 
reactive nature of the iodine, and because, being 
a liquid at room temperature, it is often more ] 
convenient than the gaseous chloride or bromide. i 
For large-scale work it is usually replaced by a i 
cheaper methylating agent such as methyl j 
chloride, bromide, or sulphate. Many tertiary ] 
bases form crystalline methiodides with methyl i 
iodide which may be used for characterisation i 
purposes. It is used in microscopy because of 
its high refractive index. When methyl iodide 
is applied to the skin and covered by impervious 
material, blisters may result, and methyl iodide 
can be used in medicine externally as a counter- 
irritant in neuralgia and sciatica. 

Methyl Nitrite, MeO-NO. — A gas, b.p. 
—12^, prepared from equimolecular quantities of 
methyl alcohol and isoamyl nitrite (Bortoni, 


. Gazzetta, 1882, 12, 438), or from sulphuric acid, 
I methyl alcohol, and sodium nitrite (Slater, 
, J.C.S. 1920, 117, 588). 

: Methyl Nitrate, MeO N02. — A liquid, 

■ b.p. 65”, prepared from methyl alcohol, potas- 
> Slum nitrate, and sulphuric acid (Delepine, Bull. 
/ Soc. chim. 1895, [iii], 13, 1044), or from methyl 
alcohol, urea nitrate, and nitric acid (Lea, 

, Jahrosbor. 1862, 387). It explodes violently 
L when struck, or when heated to 150°. 

Methyl Hydrogen Sulphide (methyl mer- 
1 captan, thiomethylalcohol methanethiol, mer- 
captomethane), MeSH (v. Mercaptans, Vol. 
VII, 561a). 

Dimethyl Sulphide (dimethyl thioether), 
MCgS. — A colourless liquid with a disagreeable 
odour, f.p. —83°, b.p. 37-5-38°, pf' 0-8458. Is 
prepared from sodium methyl sulphate and 
cone, aqueous potassium sulphide solution (Beck- 
mann, J. pr. ("hern. 1878, [iij, 17, 453). Addition 
compounds arc foi-med with many metallic salts, 
e.g., 2Me2S,PtCl4, m.p. 159°, 2Me2S,3HgCl2, 
m.p. 150°, etc., and crystalline compounds 
Me 2 SBr 2 and MCjSIg with bromine and 
iodine. With methyl iodide, trirneihyUul- 
phonium iodide, MCaSI, is formed at room 
temperature as a crystalline solid, from wFich 
the free base. trimethijUulphoniam hydroxide. 
MegS-OH, can be obtained. Oxidation of 
dimethyl sulphide with nitric acid gives dimethyl 
sulphoxide, MegSO, and dimethyl sulphone, 
MegSOg, according to conditions (Saytzeff, 
Annalen, 1867, 144, 150). 

Dimethyl Disulphide, MeS-SMe.—A liquid, 
b.p. 116-118°, prepared by the oxidation of 
methyl hydrogen sulphide (Oahours, Annalon, 
1847, 61, 92). 

Methyl Hydrogen Sulphite (methyl sul- 
phurous acid), MeO-SO-OH. — The salts are 
prepared by the action of sulphur dioxide on 
alkali methoxides in methyl alcohol (Rosenheim 
and Leibknecht, Ber. 1898, 31, 409), or by the 
passage of dry ammonia and sulphur dioxide 
into absolute methyl alcohol (Goldberg and 
Zinimermann, Z. angew. Chera. 1902, 15, 901). 

Dimethyl Sulphite, (MeO) 2 SO. — A liquid 
with an acetone-like odour, b.p. 126°, prepared 
by the action of thionyl chloride or sulphur 
monochloride on methyl alcohol (Carius, 
Annalen, 1859, 111, 97; 110, 219). It is 

isomeric/ with the methyl ester of methane- 
sulphonic acid, MeS 02 0Me. 

Methyl Hydrogen Sulphate (methyl sul- 
phuric acid), MeO-S02’OH. — Oily liquid, 
which does not solidify at —30°, very soluble in 
water and completely miscible with ether, 
although the monohydrate is ether-insoluble. 
It is prepared from equimolecular amounts of 
methyl alcohol and sulphuric acid at tempera- 
tures below 100° (Dumas and P61igot, Ann. 
Chim. Phys. 1835, [ii], 68, 19). It alto results from 
the action of methyl alcohol with sulphur tri- 
oxide below 0® (G.P. 133542), or with ohloro- 
sulphonic acid (Glaesson, J. pr. Chem. 1879, [ii], 
19, 231). The salts are usually prepared by 
adding the hydroxide or carbonate of a metal 
to the sulphuric acid-methyl alcohol reaction 
mixture. The acid chloride, MeO*SOgCl, is 
usually called methyl cMoromlphomk ; it is 
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boiling at 134~]35”, and can be prepared 
from e(pii molecular cjuantities of methyl alcohol 
and Hulphurvl chloride (Bchrend, ibid. 1877, [ii], 
15, 32), or from chloroHiilphonic acid and methyl 
hydrogen 8ulphat(‘ (or dimethyl sulphate) 
(f^evaillant and Simon, Compt. rend. 1919, 169, 
140). 

Dimethyl Sulphate, (Me0)2S02. — A 
colourlcHM liquid, f.p. 27 ’, b.p. 188-8^7760 mm., 
with slight docnmj)ositi()n. 1-3348, 

1 -3874. The vapour is poisonous, and the liquid 
is also toxic by absorption through the skin ; 
symptoms, ])r()gnoHis, treatment, and case- 
reports have b(‘cn describ(‘d by Strothmann 
(Klin. Woch. 1929, 8, 493). The solubility in 
water at 18^' is 28 g./l., and hydrolysis occurs 
slowly. 

It was first })repared by the diM-omposition on 
distillation of methyl hydrogen sulphate, 

2MeHS04 Me2S04i H2SO4. 

A 90-95% yi(‘ld may bc^ obtaim^d by the alow 
distillation, unfler reduced pressure, of a mixture 
of 100 parts of methyl alef)hol and 400 parts of 
60% fuming sulphuric acid (CUiyot and Simon, 
Compt. rend. 1019, 169, 655, 795; B.P. 336681). 
Other methods include the passage of a stream 
of sulphur trioxide and dry air into a .solution of 
methyl ether in dimethyl sulphate (B.P. 122498); 
the treatment of methyl ahiohol with chlorine 
and sulphur dioxide (C.S.P. 1317648); the 
passage of methyl alcohol over heated sodium 
pyrosulphate (B.P. 177189) ; the interaction of 
methyl hydrogen sulphate and methyl chloro- 
formate at 100’ for six hours (yield, 100%) 
(Kraft and Lyutina, J. Gen. Chern. Russ. 1931, 

1 , 190) ; and the reaction of methyl nitrite and 
methyl ehlorosulphonate (Levaillant, ('ompt. 
rend. 1928, 187, 234). 

Dimethyl sulphate is extensively u.sed as a 
methylating agent, both in the laboratoiy and 
in industry. Thus it may be used to convert 
hydroxyl compounds, such as phenols and carbo- 
hydrates, into methyl-ether derivatives. It is 
useful for the methylation of aromatic amines, 
and tertiary bases can frequently be converted 
into quaternary ammonium salts. Methyl 
esters of organic acids can be prepared (e.g., 1 
methyl acetate in 80-100% yield), and dimethyl 
sulphate is especially useful for preparing the 
methyl esters of sulphonic acids by reaction 
with the sodium salts. Methyl cyanide, thio- 
cyanate, and isocyanate, and nitromethane can 
be prepared conveniently from the appropriate 
potassium salt and dimethyl sulphate. lA:)r a < 
useful review of the chemistry of dimethyl sul- 
phate, see C. M. Suter, “ The Organic Chemistry 
of Sulphur,” John Wiley, New York, 1944. 
Chloromethyl Methyl Sulphate, 

CHaClOSOjOMe.— 

Heavy oily liquid, b.p. 90-92''/18 mm., prepared 
by pEuasing sulphur trioxide into monochloro- 
methyl ether at 0” (Jones and Whalen, J. Amer. 
Chem. Soc. 1926, 47 , 1361). 

Di-chloromethyl Sulphate, 

(CHaC10)2SOa.— 

Oily liquid, b.p. 103-106®/! 2-13 mm., prepared 
from formaldehyde and chlorosulphonic acid 


I (Fuchs and Katscher, Ber. 1927, 60 [B], 2288). 

I It is formed in 31% yield by autoclaving sul- 
, phur trioxide and dichloromethyl ether at 180® 
1 (Grignard, Toussaint and Gazin, Bull. Soc. chim. 
1928, [iv], 43, 537). 

Methanesulphonic Acid (methyl sulphonic 
acid), MeSOg-OH). — A solid, m.p. 20° when 
anhydrous, b.p. 167°/10 mm., soluble in water 
and forming a mono- and a tri-hydrate. It may 
In'; prepared by the oxidation of methyl thio- 
cyanate or disulphide with nitric acid (Muspratt, 
Annalen, 1848, 65, 261); by the oxidation of 
methyl sulphinic acid with bromine water 
(Hoeseken and Van Ockenburg, liec. trav. 
chim. 1914, 33, 319); from methyl iodide and 
sodium sulphite (Collmann, Annalen, 1868, 148, 
105) ; and by the reduction of trichloromethanc- 
su! phonic acid with sodium amalgam (Kolbe, 
ibid. 1845, 54, 174). For a discussion of these 
and other methods of preparation, and the re- 
actions of methanesulphonic acid, see C. M. 
Suter, op. cit. 

The a^’id chloride, metbanesu^yhonyl chloride^ 
MeS 02 CI, a liquid, b.j). 161°, can be prepared 
by the action of phosphorus pentac hloride on the 
acid (C'ariuH, ibid, i860, 114, 142), or by the 
H(*tion of phosphorus oxychloride on the sodium 
salt (Dutt, J.C.S. 1924, 125, 1463). 

A considerable number of halogen derivatives 
have been described, e.g.^ the mono-, di-, and 
tri-chloromethanc8ulj)honic acids. 

Methylene, CHg. — Early attempts to pre- 
pare frcH' methylene resulted only in ethylene, 
but it has been shown by Rice and Glazebrook 
(J. Amer. Chem. Soc. 1934, 56, 2381) that the 
free methylene group is formed when diazo- 
I methane is decomposed below 500° in a stream of 
ether or butane, its presence being demon- 
strated by the formation of telluroformaldehydo, 
(HCHTe)w, with metallic tellurium. It has 
been made by this method, and also by the 
thermal and photochemical decomposition of 
keten, <and a study made of its properties, by 
Pearson, Purcell, and Saigh (J.C.S. 1938, 409). 
It behaves as a very reactive molecule rather 
than as a free radical, and its half-life depends 
upon the environment, e.g., of the order of lO""^ 
sec. in methane and 5x10“^ sec. in diazo- 
methane, whilst in keten the half-life is too long 
to be measured by the ordinary methods. 

Methylene Fluoride (difluororaethane), 
CHgFg. — A gas, b.p. —51 *6°, prepared from 
methylene chloride and antimony trifluoride in 
the presence of a catalyst (Henne, J. Amer. 
Chem. Soc, 1937, 59, 1400). It is practically 
inert to chemical reagents except at exceedingly 
high temperatures, and the physiological effects 
are very slight. Methylene jluorochloridei 
CHjFCI, b.p. —9°, is produced by the same 
reaction. Methylene fluoroiodide, b.p. 53'4®, is 
obtained by the partial fluorination of methylene 
iodide with mercurous fluoride (Van Arkel and 
Janetsky, Rec. trav. chim. 1937, 56 , 167). 

Methylene Chloride (dichloromethane), 
CH 2 CI 2 .— A liquid, b.p. 39*95®, f.p. -96*8°, 

1*3348, with an odour resembling that of 
chloroform. It is obtained commercially as' a 
by-product in the manufacture of chloroform 
by the reduction of carbon tetrachloride. It 
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may be prepared by the reduction of chloro- 
form with zinc and hydrochloric acid (Greene, 
Compt, rend. 1879, 89 , 1077), or by the chlorina- 
tion of methane (e.gr., McBee, Hass, Neher, and 
StricUand, Ind. Eng. Chem. 1942, 84 , 296) or 
of methyl chloride (G.P. 444799 and 603716). 

It may be employed as a local anaesthetic, and 
as a refiigerant, and is widely used as a solvent 
and as a degreasing fluid, the vapours not being 
inflammable or explosive in air. 

Treatment with sodium iodide in methyl 
alcohol gives methylene chloroiodide^ b.p. 109°, 
which if treated with bromine gives methylene 
chlorobromidey b.p. 68-69°. 

Methylene Bromide (dibromomethane), 
CHjBfg. — A liquid, b.p. 96*5-97*6°, prepared 
by the reduction of bromoform with sodium 
arsenite and caustic soda (Organic Syntheses, 
Coll. Vol. I, 1941, p. 357) ; from bromine and 
methylene iodide (Butlerow, Annalen, 1859, 111, 
251) ; or from methyl bromide and bromine at 
250° (Steiner, Ber. 1874, 7, 607). Methylene 
bromoiodidey CH2Brl, b.p. 138°, can be pre- 
pared from methylene iodide and iodine bromide. 

Methylene Iodide (di-iodomethane), CH2I2. 
— ^A yellowish liquid at room temperature, b.p. 
180°, pJJ 3*3326, 1*7559. The density is 

the highest of any known organic compound, 
and for this reason methylene iodide is used for 
separating mixtures of minerals by flotation, in 
which benzene or ether may be used as a diluent. 
Two solid forms are known, an unstable one, 
f.p. 5*64°, and a stable one, f.p. 6*01° (Stone, 
J. Amer. Chem. Soc. 1932, 54, 112). Solubility 
in water 1*566 g. per 100 g. at 0°, and 1*446 g. per 
100 g. at 10°. Best prepared by the reduction 
of iodoform with sodium arsenite and sodium 
hydroxide (Organic Syntheses, Coll. Vol. 1, 
1941, p. 358). Other methods incdudc the treat- 
ment of iodoform with iodine (Hofmann, 
Annalen, 1860, 115, 267), with sodium cthoxide 
(Butlerow, Ann. Chim. Phys. 1885, [iii], 53, 313), 
or with hydrogen iodide (Leben, Z. Chem. 1868, 
712). 

A 1:1 solution of phosphorus can be made in 
methylene iodide at ordinary temperatures. 

Methylene Diacetate, CH2(OAc)a. — A 
liquid, b.p. 169-171°, prepared from methylene 
iodide and silver acetate (Butlerow, Annalen, 
1868, 107, 111), or, better; from paraformalde- 
hyde, acetic anhydride, and a trace of con- 
centrated sulphuric acid (Knoevenagel, ibid. 
1914, 402, 127). 

Methylene Dibenzoate, CH2(OBz)2.“A 
crystalline solid, m.p, 99°, b.p. 226° with decom- 
position, prepared heating paraformaldehyde 
and benzoyl chloride in the presence of zinc 
chloride (Descud^, C5ompt. rend. 1901, 188 , 
371). 


Methylene Diamine, CH2(NHa)2.— The 
free base is imstable, but can be prepared in 
solution from the stable crystalline dihydro- 
chloride, which is made by condensing form- 
amide with formaldehyde to give methylene di- 
fotmamidty CH2(NH*CHO).2 and then hydro- 
lysing with hydrochloric acid : 
SHCONH^-fH-CHO CH2(NH*CHO)8 
CHj(NHa)2,2HCI+2H‘COOH 
(Ktmdsen, Ber. 1914, 47, 2698). 


Alkylated derivatives such as CH2(NR2)2, 
where R is methyl, ethyl, or propyl, are known. 

Hexamethylenetetramine. See Foem- 

ALDEHYDE, Vol. V, 3206. 

B. A. K. 

METHYL ALCOHOL, CH3OH. Meth- 
anol, carbinol, hydroxymethane, wood naphtha 
(impure methyl alcohol). 

B.p. 64*509°/760 mm, ; variation of boiling- 
point with pressure d^/dp 0*033 l°o. /mm. at 
p=760 mm. (Wajciechowski, J. Res. Nat. Bur. 
Stand. 1936.17,721); 0-79647; 0-79677 

(U.S. Bureau of Standards Tables Circ. No. 19, 
1916, pp. 22-24) ; m.p. -97-8° ; ' 1-33118 ; 

heat of vaporisation =262 *8 g.-cal./g, at 15°0. ; 
heat of combustion 170*9 kg.-cal./g.-mol. 
[CH,-OH (liquid) ij. C0j(ga8)+2H,0 (liquid)] 
(Kharasch, Bur. Stand. J. Res. 1929, 2, 359) ; 
heat of formation 60*24 kg.-cal./g.-mol. 

Methyl alcohol is a colourless, mobile, in- 
flammable liquid of characteristic, pleasant 
odour when pure. It is miscible in all propor- 
tions with water. Methyl alcohol arises in the 
destructive dry distillation of wood, and is said 
to be present in small quantities in all fermented 
liquors. In the form of esters, such as oil of winter- 
green (methyl salicylate), it is found in plants. 

Formation. — Methyl alcohol may be pro- 
duced frojn the dry distillation of wood, from 
the waste water of steamed wood pulp in paper 
manufacture, by the partial oxidation of 
methane, and by the catalytic reduction of 
oxides of carbon. Methyl alcohol also arises in 
many organic reactions by processes common to 
all aliphatic alcohols. 

Preparation. — The principal method of 
manufacture of methanol was formerly through 
the dry distillation of wood. The rapid develop- 
ment of the synthetic process in the third decade 
of this century has considerably reduced the 
relative importance of this method, and at 
present probably less than one-tenth of the 
world’s methanol output is derived from wood. 

Wood Distillation . — The distillation of wood 
may be conducted in various ways according as 
the main object of the process is to produce 
charcoal, methyl alcohol, and other by-products 
or gas. The production of by-products is best 
carried out by the distillation of hardwood ; 
softwood is used to a smaller extent, but yields 
only half the amount of methyl alcohol. The 
wood is introduced, either by stacking or by 
being run in on steel trolleys, into iron retorts, 
which are then heated to 4()0-^()0°o. any 
suitable means. The gases resulting from the 
decomposition of the wood are passed into water- 
cooled condensers, and the liquor (crude pyro- 
ligneous liquor) is allowed to settle in wooden 
vats. The gases leaving the condenser may be 
scrubbed to recover methyl alcohol, acetone, etc. 
The settled tar is removed from *the crude 
pyroligneous acid. Hie aqueous pyroligneous 
acid is distilled in order to remove “ dissolved ** 
tar ; the original tar is steam distilled to recover 
methyl alcohol, etc., and the aqueous distillate 
added to the aqueous pyroligneous acid. Any 
oils which separate from the aqueous aci4 are 
water-washed and the washing returned to the 
aqueous acid. 
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If the plant is designed to produce calcium 
acetate and methyl alcohol, the aqueous pyro- 
ligneous acid is first neutralised with lime, 
\imereby an aqueous solution of calcium acetate, 
containing in addition methyl alcohol, acetone 
and other materials, is produced, Kesins may 
be formed at the neutralisation stage, and, if so, 
these are separated by decantation. The clear 
liquid is then distilled, giving a distillate of 
crude wood spirit and a residue of calcium 
acetate solution. 

The crude wood spirit has the following 
approximate composition (M. Klar, “ Tech- 
nologie der Holtzverkohlung,” Berlin, 1909, 
p. 208) : methyl alcohol 56*60; acetone 12-14; 
aldehyde, methyl acetate, amines, higher 
ketones, allyl alcohol and wood oil, etc. 6-10 ; 
water 26-28%. 

The production of pure methyl alcohol from 
crude wood spirit is effected by distillation. 
This may bo either a batch distillation, which 
may yield an alcohol of 99% purity, or con- 
tinuous distillation using a number of columns, 
which is capable of yielding methyl alcohol of 
99*9% purity suitable for formaldehyde manu- 
facture. A continuous still installation is 
described by H. M. Bun bury, “ The Destructive 
Distillation of Wood,” London, 1923, p. 225, and 
provides for the following operations. The 
vapours of the crude wood spirit are passed to 
a column, from the top of which is removed 
acetone, and from near the bottom oils (which 
are subsequently water-washed to recover 
methyl alcohol). A special section is provided 
in which the vapours are washed with dilute 
sulphuric acid to remove basic substances. The 
purge from this column is passed to a second 
column, where a further separation of acetone 
is effected by passing water to the column. 
The purge from this column is passed to a third, 
where the methyl alcohol is concentrated, and 
the condensate from this column is passed to a 
fourth, where further concentration takes place. 
The purge from the fourth column is passed to 
the top of the third. Caustic soda is added at 
this stage to neutralise acids, hydrolyse esters, 
and polymerise aldehydes. The alcohol from 
the fourth column is passed to a fifth where 
further ketone removal is effected by the addi- 
tion of water. Finally, the alcohol vapours from 
the fifth column are passed to a sixth, where 
they are treated successively with dilute sul- 
phuric acid and sodium hypochlorite solution, 
and finally rectified to produce pure methyl 
alcohol. 

The 3 rield of methyl alcohol oltainable from j 
wood is very variable, and depends on the type ’ 
of wood and the method of manufacture, but it i 
is usually of the order of one per cent, of the 
weight of wood distilled. 

Various attempts have been made to improve 
the yield of methyl alcohol from wood by the 
additiozL of different substances. Hawley (J. 
Ind. Eng. Ohem. 1922, 14, 43) has obtained 
prumlsitig results with Hie addition of lime, 
ealoium carbonate, sodium carbonate, mag- 
neeittin dJdde, ferric osdde or magnesium chloride, j 
Of these, sodium carbonate appeared to be the 
most tsarisis^^ of 0*6-“l*6%, 

Wvmng in increase of methyl alcohol yield ofi 


for instance, 48% from maple and 120% from 
oak. It has been claimed that the yield of 
methyl alcohol can be increased by 50% by the 
addition of sodium carbonate (U.S. Forest Pro- 
ducts Lab., Amer. Chem, Abstr. 1922, 16, 2986). 
Orlgavaces (F.P. 357432, 1905) claims a total 
yield of 3% of methyl alcohol by the addition of 
sulphuric acid. 

The Synthetic Methyl Alcohol 
Industry. 

The process for the production of methanol by 
the catalytic reduction of an oxide of carbon 
now accounts for the major part of the world’s 
methanol production. The reaction proceeds, 
according to the starting materials, by one of 
the following reactions : 

CO+ 2 H 2 CH3 0H+24*6kg.-cal. 

COj+SHj ^ CHg OH-fHgO+U-Skg.-cal. 

Most of the world’s synthetic methanol is 
made by the reduction of carbon monoxide ; in 
pla<*e8 where carbon dioxide is available as a 
by-product this oxide may be used instead. 

The equilibrium at different temperatures for 
the reaction of carbon monoxide with hydro- 
gen is as follows (Fracasso, Chim. 0 I’lnd. 1934, 
No. 3, 293) : 


Temperature, 

“(?. i 

AV. 

logjoF^. 

275 

000258 

3*412 

300 

0 000817 

4*912 

325 

0000283 

4*461 

350 

0000105 

4*023 

376 

0000042 

5*625 

400 

0 000018 

5*265 

425 

00000081 

6*908 


As can be seen by application of Le Chatelier’s 
principle to the reactions represented by the 
above equations,, and by inspection of the table, 
the maximum equilibrium yield of methyl 
alcohol will be obtained at high total pressures 
and at low temperatures. However, even in the 
presence of a catalyst, the reaction proceeds at 
an infinitely slow rate at ordinary temperatures. 
It is, therefore, found necessary to use an 
elevated temperature (usually 369-400®) and a 
catalyst in order that the reaction may proceed 
at an economic rate. Above the optimum 
temperature the yield of methyl alcohol de- 
creases owing to the progressively less favourable 
equilibrium; below the optimum temperature, 
the yield of methyl alcohol decreases owing to 
the decreased rate of reaction. The temperature 
of the converter may also be limited by the 
necessity for avoiding the onset of side reactions 
which give rise to by-products. The principal 
of these is the methane reaction, 

CO+SHa ^ CH4-l-HaO-f62 kg.-oaL, 

which liberates a large amount of heat, causing 
the temperature of the converter to rise, and 
increasing still further the rate of the reaction, 
so that a temperature runaway may result. 
Attempts have been made in the design of 
methyl alcohol plaints to limit the occurrence 
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of this reaction, which leads to difficulty of 
control and the possible damage of the con- 
veitor, and to a wastage of com pressed gas, by 
ensuring the absence of metals of the eighth 
group of the periodic table, which arc known 
specifically to catalyse the methane reaction. 

Another side reaction that may occur, again 
favoured by high temperatures, is that leatling 
to the formation of higher ah^ohols : 

?iCO+2wH2 CnH2n+i OH+(»--l)H20. 

The possibility of this reaction occurring can be 
reduced by the choice of a suitable catalyst. 

The pressures and temperatures employetl, 
together with the processes used for the manu- 
facture of the synthesis gas, bear a great re- 
semblance to the practice of the synthesis of 
ammonia, and it is, therefore, found that in 
most cases the manufacture of synthetic methyl 
alcohol is carried out by firms already versed in 
the technique of ammonia synthesis. In many 
cases synthetic methyl alcohol plants are run 
as an integral part- of synthetic ammonia plants. 

History. — Experimental work on the pro- 
duction of synthetic method alcohol dates from 
1913, in which year the Badische Anilin und 
8oda-Fabrik concern carried out some experi- 
ments on the reduction of carlK>n monoxide 
under pressure. They su(iceeded in producing 
a mixture containing alcohols, acids, aldehydes, 
hydrocarbons, etc. This represented a new 
step, as previous attempts to reduce carbon 
monoxide had always led to the formation of 
methane. The B.A.S.F. discoveries were pro- 
tected in G.P. 293787, 295202, and 295203. The 
First World War interrupted the experiments, 
which were, however, re-opened in 1922. The 
rapid success of these experiments led to a semi- 
technical plant being erected at the end of that 
year, followed by a full-scale plant at Leuna. 

Independently of the German experiments, 
work had been carried out in France by Georges 
Patart, who patented a process for the pro- 
duction of alcohols by the reduction of oxides 
of carbon in 1921 (F.P. 540543). There have 
been conflicting claims to the prior invention of 
the synthetic process by the Badische and 
Patart companies (^ee, for instance, Z. angew. 
Chem. 1927, 40, 166 ; Ind. Eng. Chem. 1925, 17, 
859). The Patait company did not operate its 
process, but issued licences for the manufacture 
of methyl alcohol according to its patents. The 
first methyl alcohol plants in France were 
erected in 1927-29. Other French pioneers 
were E. Audibert and Georges Claude, who each 
worked out individual processes. 

The development of the synthetic methyl 
alcohol industry in the rest of the world was 
rapid. The import of cheap German methyl 
alcohol upon the XJ.S. market instigated in- 
tensive research by E.I. Du Pont de Nemours, 
which led to the speedy erection of plants. 
Plants were also erected in England, Belgium, 
and Holland. More recently Italy and Japan 
have entered the field; an individual process 
has been developed by G. Natta in the former 
country. The U.S.S.R. has carried out original 
research which, in conjunction with plants 
operated under licence, has enabled her to meet 
part of her large demand for formaldehyde. 


Any estimate of the World production of 
synthetic methyl alcohol must bc! to a large 
extent speculative, as full statistics are not 
available. However, it is y3robahlc^ that the 
total World production of methyl alcohol was 
of the order of 300,000 tejns per aunnm im- 
mediately y)reeed]ng the (Second World War. 
Of this total, probably less than onc-tonth was 
produc(?d by wotxl distillation. 

TjfE SYNTHETrr; JV1?:thyl Aoc’cmon Process. 
The process (consists of the following ste})H : 

(a) The production of a mixture of carbon 
monoxide and hydrogen (or carbon 
dioxide and hydr()gen) of a suitable 
(composition. 

(h) and (c) Jhirification and compression of 
the gas mixture. 

((/) Heating the gas to leaetion temperature 
by means of external heaters, or luciit 
intenbangers. or both. 

((p) Passage of the heated gas over the 
catalyst. 

if) Reparation of the methyl ahohol and 
passage of unreaeted gas, either back 
to the converter or to some otlKu- 
pro(‘e8s. 

(gr) Purification of the crude methanol by 
distillation. 

(a) Production of Synthesis Gas. — The 
methods of preparation of the synthesis gas 
vary according to the sources of carbon and 
hydrogen available, and different methods are 
preferred by different manufacturers. It is n(3t 
usual to use a synthesis gas ('ontaining the 
stoichiometric proportions of carbon monoxide 
and hydrogen, but rather one containing an 
excess of hydrogen. The oxcejjtion to this 
practice occurs when a self-contained circulation 
system is used, in which case the gas fed to this 
system to compensate for the formation of 
methyl alcohol must be of the stoichiometric 
composition if the composition of the gas in the 
circulating system is to remain unchanged. 
The following are the main general methods 
used : 

1. Water Gas . — The gas formed by the re- 
action C+H 20 -> CO+Hj contains the desired 
components, but not in the correct proportions, 
as it has been pointed out that the ratio of 
hydrogen to carbon monoxide should bo at least 
2 to 1. Water gas may, however, be treated 
with steam over a promoted iron catalyst at an 
elevated temperature in order to increase the 
proportion of hydrogen at the expense of that 
of carbon monoxide (v, Vol. I, 334c). 

C0+H20->C02-fH2. 

If this reaction is controlled so that it pro- 
ceeds to any given extent, and the resultant 
carbon dioxide is removed by water-washing 
under pressure, or by other suitable means, a 
synthesis gas of any coniposition between that 
of water gas and nearly pure hydrogen may be 
obtained. 

If, instead of steam, a mixture of steam and 
air is used as the gasifying agent, a gas contain- 
ing nitrogen is formed, which after being used 
for methanol synthesis, followed by removal of 
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residual carbon monoxide, is suitable for am- 
monia synthesis. 

2. Burning of Coke-oven Gas. — Coke-oven gas, 
which consists priiiciijally of hydrogen and 
methane, may be burned in a controlled amount 
of oxygen to give a mixture of carbon monoxide, 
hydrogen, and water, which, after the removal 
of the water, is suitable for methyl alcohol 
synthesis. It may bo necessary to treat this 
mixture with steam in order to reduce the ratio 
of carbon monoxide to hydrogen. If, instead 
of oxygen, air is used for the burning, the 
resultant gas contains nitrogen. It can then 
be arranged that the residual gas leaving the 
methyl alcohol synthesis process contains 
nitrogen and hydrogen in proportions suitable 
for ammonia synthesis. 

3. Methane-Steam, — Methane, either from 
natural gas or in coke-oven gas, or pure methane 
obtained by li(piefaction of coke-oven gas, may 
be caused to react with steam at an elevated 
temperature and at substantially atmospheric 
pressure over a suitable catalyst (e.^., nick(d) to 
produce a ipixture of carbon monoxide and 
hydrogen : 

CH^+HgO^SHg+CO. 

If coke-oven gas, which contains hydrogen in 
addition to methane, is used, the gas obtained 
will be correspondingly richer in hydrogen. 

4. Combinations of the above pro<‘csses may 
bo used in cases where local conditions make 
such a course desirable. F or instance, at 
Ougree in Belgium, a combination of methods 
(2) and (3) is used. Coke-oven gas is mixed with 
air with a small addition of steam. The gas 
mixture is burnt to produce a gas having a small 
residual content of methane, which is then 
removed by reaction with the steam over a 
nickel catalyst at 800°. 

The process operated at Harnes, Belgium 
(Osterrieth, J. Inst. Fuel, 1933, 6, 217) is to treat 
coke-oven gas with steam, and then to adjust 
the composition of the gas to a higher carbon 
monoxide content by the addition of water gas. 

Methane from the liquefaction of coke-oven 
gas may be treated with a mixture of steam and 
oxygon, adjusted in such a way that the en- 
dothermic nature of the methane-steam reaction 
18 balanced by the exothermic nature of the 
reaction with oxygen (B.P. 274610). 

5. Synthesis Oas Containing Carbon Dioxide . — 
In cases where carbon dioxide is available in 
quantities, a successful methanol synthesis 
system may be devised. The process of Com- 
mercial Solvents Corporation at its Peoria plant 
in lUinois, U.S.A., may be cited. In this plant 
corn is fermented to produce solvents, and this 
gives rise to a by-product gas containing 40% of 
hydrogen and 60% of carbon dioxide. For the 
purpose of synthesis it is necessary to convert 
this to a composition of 76% of hydrogen and 
26% of carbon dioxide by removal of part of the 
carbon dioxide by pressure washing with water. 

(6) Purification. — Sulphur removal is only 
important in those cases where a copper- 
containing catalyst is used. Bemoval of sulphur 
then follows the usual practice of ammonia- 
synthesis plants (», Vol. I, 334d). I.G. Farben- 
industrie insist on the absence &om the converter 


of the volatile compounds of the metals of the 
eighth group of the periodic table. These com- 
pounds, of which iron carbonyl is the most 
important, decompose on the heated catalyst to 
give the metal in a form which catalyses the 
undesirable methane reaction. The absence of 
such compounds is ensured, firstly by construct- 
ing all heated surfaces of the synthesis apparatus 
of non-ferrous metal and, se(;ondly, by removal 
of iron carbonyl from the incoming gas, e.^., 
by washing the gas with method alcohol. 
Organic^ sulphur and iron carbonyl may be 
removed by active charcoal, luxated c;opper, or 
both (B.P. 228959). 

(c) Compression. — Compression follows 
normal ammonia-practi(‘e (?;. Vol. I, 336a). 

(d) The construction of the heaters and heat 
interchangers for methanol synthesis again 
follows ammonia practice (c. Vol. I, 338a), with 
the exception that for the reasons given above, 
it may be desirable to lino or construct the pipes 
carrying hot gas with non-ferrous materials. 
Methyl alcohol, particularly in the liquid form, 
has a corrosive aidion on most steels, and caro 
must, therefore, be taken in the selection of 
materials used in the construction of joints, etc. 

(c) Catalysts. — The desirable (pialitics of a 
catalyst I’or the production of synthetic methyl 
alcohol are : 

1. High activity, ?'.e., the ability to promote 
the reaction of carbon monoxide and hydrogen 
at such a rate that a reasonable proportion of the 
equilibrium value of methyl alcohol to be pro- 
duced for such a gas mixture is formed in a short 
period of contact of the reacting gases with the 
catalyst. 

2. The catalyst should not promote to any 
considerable extent side-rcaedions such as the 
formation of methane, of dimethyl ether or of 
hydrocarbons, or of ammonia when nitrogen is 
present in tht‘ synthesis gas, as these side re- 
actions either reduce the cttifuency of the process 
by converting synthesis gas to unwanted by- 
products, or lead to contamination of the product 
.such as to render more extensive purification 
plant necessary, or lead to difficulties of control 
of the converter. 

3. The catalyst should maintain a reasonably 
constant activity over a period of time, and in 
particular should not be susceptible to poisoning 
by any impurities that may be present in the 
synthesis gas. 

4. If possible, the catalyst should be capable 
of being easily manufactured from readily avail- 
able materials. 

A very large number of substances or mixtures 
of substances have been claimed as being suit- 
able catalysts for methyl alcohol synthesis. 
The most generally used catalysts are those 
which consist principally of zinc, copper, and 
combinations of these by themselves or with 
chromium. The metals may be present as such, 
or as oxides, carbonates, etc., or in compounds 
such as zinc chromate. The commonest types 
of catalyst are listed below. In many cases the 
sources quoted include references to other 
materials, and there have been many other 
claims for catalysts not falling in the under- 
mentioned classes, to which no reference will bo 
made in this article. 
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Zinc-Chromium Catalysts. — ^This, the most 
important class of catalysts, includes the 
original catalysts of Patart, which consisted of 
basic zinc chromate reduced in the synthesis gas 
(B.P. 247178, 1925; 247932, 1925). The addi- 
tion of a heat-conducting material is also claimed 
by Patart to improve such a catalyst by pre- 
venting local over-heating (P.P. 618439, 1926). 
A zinc chromite of the composition 4 Zn 0 ,Cr 03 
has also been patented by I.O.l. (B.P. 275345, 
1926). E.I. Du Pont de Nemours (B.P. 272555, 
1926) claim a catalyst made by heating a 
clxromate of zinc either alone or with other 
metals at a temperature above 600°, also a 
catalyst formed by ignition of a basic zinc 
ammonium chromate (B.P. 313093, 1928). A 
methyl- alcohol catalyst can also be made by 
mechanical admixture of zinc and chromium 
oxides either alone (Doglov and Karpov, Amor. 
Chem. Abstr. 1934, 28, 5212) or with chromic 
acid (Veltistova, Doglov and Karpov, ibid. 
1935, 29, 1059) or with the addition of zinc 
chloride (Commercial Solvents CV)rporation, 
B.P. 272864, 1926; U.S.P. 1625925; F.P. 
644525), or by ignition of the mixed oxides in 
the presence of ammonium nitrate (Commercial 
Solvents Corporation, U.S.P. 1668838, 1928). 
Zinc oxide may be dissolved in molten potassium 
dichromate, and the solidified mass broken up 
and used as a methyl-alcohol catalyst (l.G. 
Farbenind. A.-G., B.P. 229714, 1923), or zinc 
oxide may be treated with chromic acid, as 
claimed by l.G. Farbenind. A.-G., in B.P. 
286284, 1927, in which zinc oxide is made into 
a paste with magnesium chloride solution, the 
paste heated to expel acid, and the product then 
heated in a stream of air carrying chromic acid. 
The magnesium chloride adds to the mechanical 
strength of the catalyst. 

Active catalysts may be prepared by heating 
the basic carbonates of zinc and chromium cither 
alone (I.C.I. Ltd., B.P. 293056, 1926), or with 
zinc chromate or basic zinc chromate (I.C.I. 
Ltd., B.P. 290399, 1926). The Corapagnic des 
Mines de Bethune have ejaimed catalysts formed 
by impregnating a porous support with the 
formates of zinc and chromium either alone (B.P. 
274492, 1926) or with the addition of nickel or 
nickel oxide or formate (B.P. 275600, 1926). 

Zinc-chromium catalysts are also mentioned 
in the following patents : B.A.S.F., B.P. 

229716, 1923 ; Commercial Solvents Corpora- 
diion, U.S.P. 1797569, 1931 ; British Colanese, 
B.P. 346649, 1929 (by electrolysis of a solution 
of the nitrates or formates) ; E.I. Du Pont de 
Nemours, U.S.P. 1984884. 

A catalyst formed by the admixture of zinc 
sulphide and chromium oxide has been claimed 
(British Celanese, B.P. 334924, 1929). The in- 
sensitiveness of an ordinary zinc-chromium 
catalyst makes it suitable for use in a “ guard ” 
converter before a converter containing a sul- 
phur-sensitive catalyst (Dreyfus, B.P. 335962, 
1929). 

There is rough agreement among inventors as 
to the ideal proportion of zinc to chromium. 
Patatt, the originator of the zinc-chromium 
cataly^f states (B.P. 252361, 1926) that for a 
zinc oxide-^chrominm trioxide catalyst, the 
molar piroportion of zinc oxide to chrdmiom 


tiioxide should be at least 2:1 (1:1' atomic ratio). 
In the case of a 2 dnc chromate the atomic ratio 
should be at least L6:l. I.C.I. Ltd. (B.P. 
275345) claim a zinc chromate of atomic ratio 
4:1. It is stated by B.A.S.F. (B.P. 227147) that 
zinc oxide containing only 1% of Cr.Os is an 
excellent catalyst. Veltistova, Doglov, and 
Karpov (l.e.) obtain satisfactory results with a 
zinc-(;hromium trioxido-chromic acid catalyst, 
which has a zinc-chromium atomic ratio of 8:3. 
A 2:1 catalyst is claimed by Doglov and Karpov 
(l.c.). Ivanov and Gusov (Amer. Chem. AKstr. 
1936, 30, 1525) state that an 8:3 catalyst is the 
most efficient at 370° ; and Nikitin 
p. 2170) finds that catalysts containing more 
chromium than 8;2'4 lead to the increased 
formation of by-products. 

The position lias been reviewed by Molstoad 
and Dodge (Ind. Eng. Chem. 1935, 27, 134), and 
it was found that in the case of catalysts formed 
from solutions of the mixed nitrates by ammonia 
precipitation, ihe highest initial activity is given 
by a catalyst of atomic ratio 3. Catalysts with 
more chromium have a lower initial activity, 
but increase in activity during tests, the im- 
provement being accelerated by the us© of 
temperatures higher than the running tempera- 
ture. For long service, the best catalyst is 
found to be one of atomic ratio 1. 

It has been shown that maximum adsorption 
of rarbon monoxide takes place on catalysts of 
atomic ratio 4, and the maximum hydrogen 
adsorption at 1*5. Maximum activity towards 
decomposition occurs at approximately 2, and 
this coincides with maximum activity to syn- 
thesis. It is suggested that maximum reaction 
takes place when equal numbers of hydrogen and 
carbon monoxide molecules are adsorbed on the 
catalyst. 

Zitic-Chromium- Alkali . — The addition of a 
compound of an alkah metal to a zinc-chromium 
catalyst tends to lead to the formation of higher 
alcohols than methanol, in addition to methanol 
itself. E.g., I.C.I. Ltd. (B.P. 293056, 1926) 
claim that the addition of alkali to a zinc- 
chromium catalyst obtained by beating together 
basic zinc and chromium carbonates makes the 
catalyst suitable for higher- alcohol production. 
l.G. Farbenindustrie A.-G. (B.P. 286284, 1927) 
acliieve the same result by the addition of an 
alkali bichromate to a zinc-chromium catalyst. 

Zinc , — The most important member of this 
class is the smithsonite catalyst of Natta. 
Smithsonite is a natural zinc carbonate, which 
after being broken down and heated, is suitable 
without further treatment as a methyl-alcohol 
catalyst. Natta has stated (B.P. 330919, 1929), 
however, that the superiority of smithsonite 
over artificially prepared zinc carbonates is 
probably due to the impurities present in the 
mineral, which act as promoters. Natta has also 
described the preparation of methanol catalysts 
by the decomposition of organic salts of zinc, 
for instance, zinc acetate (Amer. Chem. Abstr. 
1938, 32, 6166), British Celanese Ltd. (B.P. 
300142, 1927) claimed a catalyst made by heat* 
ing a zinc carbonate gel; I.C.I. Ltd. (B.P. 
316113, 1928) describe a catalyst made by 
heating zinc carbonate alone. The of zinc 
oxide alone has been patented by Ih:eyfbs 
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(B.P. 262494, 1925) and in U.S.P. 1668838, 1928, 
Commorcial 8ol vents Corporation ignite moist 
zinc oxide in the presence of ammonium nitrate. 

Kosteletz and Hensingt^r (Chim. et Ind. 1939, 
42, 757) have compared the activities of 
smithsonite, zinc oxide, and zinc carbonatt? 
catalysts. The conversion achieved with a given 
volume of zinc oxide or zinc carbonate catalyst 
depends on the degree to which the solid is com- 
pressed. For synthesis, the order of activity 
was smithsonite, zinc oxide com])rc8Hed at 

1.000 atm., zinc carbonate compressed at 

2.000 atm. (and activated by a treatment with 
methanol vapour). The authors found that the 
order of activity to methanol decomposition was 
different. If this is generally true, the large 
amount of work done by other authors in 
evaluating methanol catalysts by decomposition 
experiments at atmospheric pressure is in- 
validated. 

Copper. — Methyl-alcohol catalysts containing 
a copper base are, in effect, descendants of the 
catalyst of the Audibert process. Audibert’s 
patent (B.P. 271538) describes the production 
of a catalyst by mixing a co])per salt with alkali 
and reducing in hydrogen or carbon moiioxidi . 
It is claimed on behalf of Audibert catalywls 
(Berthelot, (^him. et. Ind. 1937, 37, 215) that 
they achieve the same conversion as zinc-biise 
catalysts at much lower pressui’cs and temj)era- 
tures. Other advantages claimed for copper 
catalysts are lower methanation (which would 
in any case follow from a lower operating 
temperature), better control, longer life, and the 
production of sulphur-free methyl alcohol, 
resulting from the capacity of the *copp(‘r to 
catalyse the reduction of organi(i sulphur and 
to react with hydrogen sulphide. The addition 
of sulphur to a (jopper catalyst, however, unlike 
the case of zinc -base (uitalysts, results in rapid 
poisoning of the catalyst. Special precautions 
must, therefore, be taken in a plant designed to 
operate with a copper catalyst to reduce the 
sulphur content of the gas to a low value. 

Similar advantages to those claimed for the 
Audibert catalyst are mentioned (Chem. Trade 
J. 1937, 100, 68) in connection with the copper 
catalyst development by the Naval Fuel Arsenal 
of Japan. This catalyst, which is a form of 
reduced copper, is said to operate at tempera- 
tures of as low as 230° and at pressures no 
higher than 100 atm. 

E.I. Du Pont de Nemours (Amor. Chem. 
Abstr. 1934, 28, 1068) describe the production 
of a copper catalyst by the decomposition of a 
cuprammonium salt. 

Copper-Zinc . — The addition of small amounts 
of zinc oxide or chromic oxide greatly increases 
the stability of reduced copper catalysts (Ivanov, 
Amer. Chem. Abstr. 1935, 29, 6712). Various 
copper-zinc catalysts have been described. 
B.A.S.F. prepare such a catalyst by the co- 
precipitation of copper and zinc nitrates in 
10:1 atomic ratio by the addition of potassium 
carbonate (B.P. 237030) ; a similar catalyst is 
described by I.G. Farbenind. A.-G. in B.P. 
308181, 1927. Audibert has patented a catalyst 
containing 96% of zinc oxide (F.P. 610649, 
1926)* Zino-oopper catalysts with additions are 
mentioned by Commercial Solvents Corporation, 
Von, VIII.--.2 


B.P. 271840, 1926, and for use with carbon 
dioxido-hydrogerj mixtures (Dolgov, Amer. 
Chem. Abstr. 1934, 28, 5211). 

Copper-Ckromiuni. — Copper-chromium ca- 
talysts arc claimed by B.A.S.F. in B.P. 229715, 
1923, and by E.I. Du Pont de Nemours by heat- 
ing copper chromate above 600° in B.P. 272555, 
1926. 

Zhic-Copper-Chromium. — It is stated (Pos- 
pekhov, Amer. Chem. Abstr. 1936, 30, 5734) 
that a catalyst of the composition 

60Cu:35-6ZnO:4'4Cr2O3 

is very active for carbon monoxide-hydrogen 
mixtures of the stoichiometric composition. 
A higher chromium content may be an advan- 
tage to prevent local over-heating. A catalyst 
of the above composition loses its activity 
rapiriiy; a more stable catalyst is 

82Cr:16Zn0:2Cr203. 

A (‘atalyst of a composition within the limits 
ZnO 26-65, CrO^ 25, CuO i r)-3-5, FeCr 
13% has been claimed (Eversolo, ibid., p. 6391). 
A catalyst may be made by intimately mixing 
zinc and chromium oxidc^s and finely divided 
metallic copper, with a zinc-ciopper ratio of 
2 0;4-5 (Karpen Bros. ibid. 1935, 29, 7345). A 
zinc-co})per catalyst is claimed by Sheldon Co. 
(U.S.P. 1824896) which is made by combination 
of zinc-ammoniurn nitrate, copper nitrate, and 
zinc oxide. A catalyst of the C'omposition 
Cu 4 yZn 43 Cr^ is said to form the best copper- 
containing catalyst, but is not recommended for 
use at 100 atm. (Dolgov, ibid. 1934, 28, 5211). 

Effect of Iron on Methyl Alcofiol Catalysts . — 
Iron and other group Vlll metals tend to 
caialy.se the methane reaction and, consequently, 
l.C. Farbenijidustrio have always insisted on the 
rigid exclusion of these metals from the catalyst 
{cf. ILP. 227147, 1923), and from the hot parts 
of the synthesis apparatus (B.P. 240955, 1924). 
Steps may bo taken to remove iron carbf^nyl 
from the incoming gas in order to prevent the 
deposition of finely divided iron on the catalyst. 
Other manufacturers have not regarded the 
exclusion of iron as of such great importance, 
and, indeed, some of the proposed catalysts con- 
tain iron, e.g.y zinc oxide and ferric hydroxide 
in the ratio 750:82 (U.S.P. 1608643) ; zinc oxide 
with iron and a halide (U.S.P. 1625924; B.P. 
271840). Among a series of catalysts tested, 
the highest yield of methyl alcohol was obtained 
for zinc oxide with 4*5% of cadmium oxide and 
5% of ferric oxide (Dolgov et al.y Amer. Chem. 
Abstr. 1934, 28, 6805). As these catalysts may 
have been designed to operate on carbon di- 
oxide-hydrogen mixtures, it is possible that the 
presence of iron may possess syme advantage 
in this connection, for instance, by catalysing 
the reaction CO2+ H* H^O-f CO. 

(/) Separation 01 methyl alcohol from the 
products is effected by cooling the gas, while still 
under pressure, so as to condense the methyl 
alcohol, which may then be separated in a high- 
pressure vessel and let down to atmospheric 
pressure, while the gas, still at high pressure, is 
passed either to a circulator, which returns it 
to the synthesis system, or to the ammonia- 
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synthesis system in those plants where the 
methyl-alcohol plant is run in conjunction with 
ammonia synthesis. 

The circulators used in a circulating system 
resemble closely the similar machines used in 
ammonia-synthesis systems. A device is used 
in the Casale system whereby the passage of 
make-up gas to the circulating system is used 
to induce circulation on the principle of a steam 
injector. 

((/) Distillation. — Crude synthetic methyl 
alcohol is usually contaminated with water, tlie 
amount of which depends on the ext ent to which 
water-forming reactions are allowed to take 
plac'e. The principal water-forming reactions 
are those which involve the reduction of carbon 
dioxide, and the formation of methane, dimethyl 
ether, or higher alcohols. In addition to water, 
the crude product may be contaminated with 
small amounts of amines (if nitrogen is present 
in the synthesis gas), higher ah'ohols, aldehydes, 
hydrocarbons, sulphur compounds, and iron 
carbonyl. It is essential that the last two im- 
2 )uritie 8 be removed if the nu'thyl alcohol is to 
be used for the production of formaldehyde by 
catalytic oxidation over a silver catalyst. 

The production of methyl alcohol of A.H. 
quality can be accomplished without much 
difficulty by the use of ordinary distillation 
technique. The iron carbonyl may be first 
removed by air oxidation, which precipitates 
the iron as a hydrated oxide, and the iron-lfee 
crude methyl alcohol submitted to distillation 
on a continuous column, from which water and 
higher alcohols are removed as a purge, and 
aldehydes, hydrocarbons, and other light ends 
removed as a top product, together with some 
methyl alcohol. Nearly pure methyl alcohol is 
removed from a point near the top of the column. 

Analysis. 

Detection . — No simple specific teat applicable 
to the detection of methyl alcohol under all 
conditions is known. Tests should, therefore, 
be applied taking into account the other known 
constituents of the mixture, and more than one 
independent method should be used in order to 
confirm the presence of methyl alcohol. 

Most tests depend on the production of form- 
aldehyde by oxidation of the methyl alcohol. 
This is best carried out by a regulated oxidation 
procedure, such as that of Denig^s (Compt. rend. 
1910, 150, 832). The oxidising medium is potas- 
sium permanganate and sulphuric acid, and the 
formaldehyde is detected by the coloration 
produced by Schiff’s reagent. This test is 
capable of l^ing made quantitative by careful 
control of the conditions, and by comparing the 
colour produced with that arising from known 
amounts of methyl alcohol. This test has been 
modified for use in the U.S. Pharmacopoeia, 
which should be consulted for details. The 
Denig^s test will detect about 0-2% of methyl 
alcohol (expressed as a fraction of total alcohols 
present) and the U.S. Pharmacopoeia test about 
0-3%. 

CJhapin (J. Ind. Eng. Chem. 1921, 18 , 643) 
has modified the Benig^s test by the introduction 
of phosphoric acid in the place of sulphuric acid, 
and the use of a standard Schiff’s solution pre- 


pared according to the method of Elvove (ibid. 
1917, 9, 295). 

The Vousek tost (J.S.C.I. 1900, 28, 823) uses 
chromium trioxide as the oxidising agent, and 
the formaldehyde is detected by the blue colour 
produced in the presence of an alcoholic solution 
of gallic acid. Alternatively, the use of morphine 
sulphate or apomorphine has been proposed as 
a colour test for the formaldehyde. Crystalline 
derivatives of formaldehyde may be used as 
means of detection, such as that with jS-naphtliol 
(E. H. Huntress and S. P. MuUiken. “ Identifi- 
cation of Pur(^ Organic Compounds,” Vol. 1, 
New York, 1941, p. 24), or the compound formed 
between hexamethylenetetramine, obtained by 
the action of ammonia on the formaldehyde, and 
mercuric chloride. 

The Vivario test (J. Pharm. Chem. 1915, 10, 
145) depends on the oxidation of methyl alcohol 
to formaldehyde by hydrt)xylamine, followed 
by the formation of formaldoxime with excess 
hydroxylamine. Formaldoxime on heating gives 
hydroc^^anic at ul, which may be readily detected. 

The Ki('he-Bardy method (Compt. rend. 1875, 
80, 1976) de 2 )ends on the production of M ethyl - 
aniiin<‘ Violet frt^m the methyl alcohol. I'lie 
alcohol samjfie is converted into methyl and 
ethyl iodide, wliich are separated and treated 
with aniline. The i)rodiK!t is oxidised, and the 
dye extracted with alcohol. Ethyl alcohol alone 
gives a red dye, but the presence of methyl 
alcohol causes a violet tint to appear. Pieces of 
wool or silk fioss may bo dyed and compared 
with standard samjfies resulting from known 
mixtures of methyl and ethyl alcohols. 

For a rapid niicrochernical test, see Vol. V, 
302a. 

Estimation of Methyl Alcohol. — Although 
the above methods of detecting methyl alcohol 
ill the presence of ethyl alcohol may be made 
roughly quantitative by comparison of the 
effects produced with those caused by known 
amounts of methyl alcohol, more accurate quan- 
titative methods are available. 

Krell’s method (Ber. 1873, 6, 1310) has been 
used in the British Government Laboratory for 
the estimation of methyl alcohol in wood naptha. 
It involves the conversion of the methyl alcohol 
into methyl iodide, which is distilled off and 
measured. All (iompounds containing alkoxy- 
groiips are converted to iodides by this method, 
so that the process cannot be used in the presence 
of esters or other alcohols. 

The estimation of methyl alcohol in form- 
aldehyde solutions is of commercial importance. 
This may be carried out by conversion of the 
formaldehyde into a non-volatile compound, 
distilling off the methyl alcohol, and estimating 
this separately. Suitable reagents for combina- 
tion with the formaldehyde are sodium bi- 
sulphite (Bamberger, Z. anorg. Chem. 1904, 17 , 
1246) or sodium phenylhydrazinesulphonate, 
and many others. A suitable procedure is 
described by Gnehm and Kaufler (Z. angew. 
Chem. 1904, 17 , 673). Alternatively, the form- 
^dehyde may be determined initially, for 
instance, by the hydroxylamine method (Brochet 
and Cambier, Compt. rend. 1895, 120 , 449), and 
the mixture oxidised with chromic acid, the 
amount consumed being measured. The oontri- 
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bution of the formaldehyde to the consumption 
of the oxidising agent may be calculated ; the 
difference corresponds to the amount of methyl 
alcohol oxidised. 

The estimation of methyl alcohol in the 
presence of ethyl alcohol is best carried out by 
the Thorpe-Holmes method (J.C.S. 1904, 85, 1) 
in which the mixture of alcohols is submitted 
to acid -dichromate oxidation. Under these 
conditions methyl alcohol is converted to carbon 
dioxide, which may be measured either by titra- 
tion, after absorption in standard alkali, or 
gravimetrically. A correction must be made 
for the small amount of oxidation of ethyl 
alcohol to carbon dioxide. When the mixture 
to be examined contains only methyl alcohol 
and water, the proportion of the alcohol may 
be estimated by the specific gravity of the solu- 
tion . The tables of the U.S. Bureau of Standards 
(Standard Density and V'olumetric Tables, 
Circular No. 19, 1919) may bo used. When 
methyl alcohol, ethyl alcohol, and water alone 
are present, the combination of boiling point, 
specific gravity, and refractive index serves to 
determine the composition of the mixture 
(Griswold and Dinwiddie, Ind. Eng. Chem. 
[Anal.], 1942, 14, 299). Other methods in 
which only the density and refractive index are 
determined require that the solution be brought 
to a standard concentration, or are approximate 
only. 

Properties op Methyl Alcohol. 

Decomposition Reactions. — The synthesis of 
methyl alcohol may be reversed by passing the 
alcohol vapour over a methyl -alcohol synthesis 
catalyst at substantially atmospheric pressure 
and 350-400® to yield a mixture of carbon mon- 
oxide and hydrogen. This easily performed 
reaction has been used as a method of evaluating 
synthesis catalysts. Under certain conditions 
formaldehyde may bo formed in addition, for 
instance in an iron tube at 600®, or over pumice 
at 610-630® (Nef, Annalen, 1901, 318, 137); 
methane and hydrogen are formed when methyl 
alcohol vapour is passed over dehydrating 
agents at high temperatures, for instance over 
phosphorous pentoxide at 400-440° {idem, 
ibid.) or zinc chloride at 400-420®. 

Dehydration . — When methyl alcohol vapour 
“ is passed over dehydrating catalysts at lower 
temperatures than those that lead to the forma- 
tion of methane, water is eliminated from two 
molecules of alcohol to form dimethyl ether. 
This reaction may be performed over alumina, 
thoria, or titania, at 360° (Senderens, Bull. Soc. 
chim. 1909, [iv], 6, 480 J Sabatier and Mailhe, 
Compt. rend. 1909, 148, 1735) or hydrated 
alumina gel at 340® (Hiittig and Briill, Ber. 
1932, 65 [B], 1796). Promoted copper at 166- 
236° (Ivannikov and Zherko, J. Appl. Chem. 
Russia, 1933, 6 , 1148) may be used. 

Liquid-phase dehydration may be employed 
to prepare dimethyl ether from methyl alcohol. 
Distillation of methyl alcohol with concen- 
trated sulphuric acid, boron trioxide, syrupy 
phosphoric acid, methionio acid, or benzene- 
sulphonio acid leads to the production of di- 
methyl ether (Dumas and Peligot, Annalen, 
1836, 15, 12 ; Guyot and Simon, Compt. rend. 


1919, 169, 656 ; Schroeter and Sdndag, Ber. 
1908, 41, 1921 ; Krafft, ibid. 1903, 26, 2833 ; 
G.P. 69116). 

Oxidation. — The products of oxidation of 
methyl alcohol are usually formaldehyde or 
carbon dioxide, according to the conditions used. 
Formaldehyde is produced when a mixture of 
methyl alcohol vapour and oxygen are led over 
a heated gauze made of silver or an alloy of 
silver. This process is used for the large-scale 
manufacture of formaldehyde (v. Vol. V, 310). 
Formaldehyde is also produced by controlled 
liquid-phase oxidations with acid permanganate 
(see p. 186). Hot chromic acid leads to the 
quantitative production of carbon dioxide (see 
Thorpe-Holmes method, supra). 

Chlorination . — Methyl alcohol heated under 
reflux with zinc chloride dissolved in cone. 
HCl yields 79% of methyl chloride (Norris and 
Taylor, J. Amer. Chem. Soc. 1924, 46, 763). 
Methyl alcohol may also be converted to methyl 
chloride through methyl chlorsiilphonate, formed 
by the action of sulphuryl chloride on methyl 
alcohol (Levaillant and Simon, Compt. rend. 
1919, 169, 855), or by the action of phosphorus 
oxychloride (Balarew, Z. anorg. Chem. 1917, 
99, 188; Schiff, Annalen, 1857, 102, 334); or 
by the action of sodium chloride and sulphuric 
acid (Dumas and Peligot, ibid. 1835, 15, 17). 
Higher chlorides may be formed by treating 
methyl chloride with chlorine in the presence of 
charcoal at 250-350®c. 

Esters. — Esters of methyl alcohol may be 
made by the usual esterfication methods from 
the alcohol and an acid. In addition special 
methods are available. The more importapt 
methods are given below. 

Monomethyl Sulphate, Methyl Hydrogen SuU 
phate (v. this Vol., p. lOd). 

Dimethyl Sulphate (v. this Vol., p. 11a). 

Methyl Formate (y. Vol. V, 325c, d ). — ^Methyl 
formate may be formed from methyl alcohol 
and formic acid in the presence of an esterifi- 
cation catalyst, or by the interaction of methyl 
alcohol and carbon monoxide under certain con- 
ditions; for instance, by passing the carbon 
monoxide and methyl alcohol vapour with 
steam over a charcoal catalyst at 200° and 200 
atm. pressure (G.P. 422600, 1923). Complete 
reaction of carbon monoxide and methyl alcohol 
to give methyl formate may be obtained in the 
presence of sodium methoxide at a pressure of 
200-1,000 atm. (U.S.P. 1572698, 1926). Methyl 
formate boils at 31*5°. 

Methylamines (v. Vol. I, 306c, 3106, d). 

MUhyl Nitrite (v. this Vol., p. 106). 

, D. W. H. 

METHYL GREEN, LigU Green, tri- 
phenylmcthane dyestuff, the zinc-chloride double 
salt of hep tame thylpararosaniline chloride. 
Dyeings on silk are discoloured by calendering 
at a gentle heat. Methyl Green is listed under 
antiseptic dyestuffs in Extra Pharm., VoL I, 
1941, p. 260. A laboratory scale preparation of 
the dyestuff is given by Pukirev (Amer. Chem. 
Abstr. 1934, 28, 473). 

For manufacture and properties, see “ Colour 
Index,” No. 684. 

J. N. G. 
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METHYL ORANGE. 


METHYL ORANGE, Ilelianthin^ Trapse- 
olin p {V. Vol. IL Om; VJ, 426a). Tn acid 
solution Methyl Orange is bleached by free 
chlorine but not by chloroaniines, and may be 
used as a distinguishing test, e.gr., in a treated 
water-supply (Besemann, Amer. Chem, Abstr. 
1929, 28 , 792). 

J. N. G. 

METHYL RED (t;. Vol. U, 641a) is fre- 
quently used instead of Methyl Orange, especially 
for titrating ammonia (Tizard, J.C.S. 1910, 97 , 
2489; Howard and Pope, ibid. 1911, 99 , lkl3; 
Lehmann and Wolff, ibid. 1917, 112 , ii, 326). 

J. N. G. 

METHYL VIOLET, Methyl Violet 211 a 
triphenylmethane dyestuff consisting chiefly of 
a mixture of the hydrochlorides of tetra-, penta-, 
and hexa-methylpararosanilincs. Green powder 
with a metallic lustre. It dyes violet shades on 
wool, silk, and mordanted cotton, and is used 
in the manufacture of inks. Methyl Violet has 
a limited application as an indicator for detec-t- 
ing strong acids in the presence of weak acids, 
the following colours being shown : pH -0*3, 
yellow; 0, yellow-green ; 1, green-blue ; 2, blue- 
violet; 3-13, violet fades (E. B. H, Pridcaux, 

“ Theory and Use of Indicators,” London, 1917, 
p. 349). 

Methyl Violet is an antiseptic, but for clinical 
purposes Crystal Violet is generally employed. 

J. N. G. 

METHYLANOL^* {v. Vol. VI, 226a). 

METHYLANTHRACENE AND 
OTHER SUBSTITUTED ANTHRA- 
GENES. 

Contents. 

Structure (p. 2()c). 

meroAlkylanthracenee ; Preparative Methods. 

Kevlew of niothuds (p. 22a). 

A. Addition of alkyl (aryl) grouj)8 to antluacene 

and its derivatives (p. 22c). 

B. Addition of substituent groups prior to for- 

mation of antluacene ring (p. 3ic). 

C. Simultaneous introduction of alkyl (aryl) groups 

and anthracene ring-closure (p. 33d). 
Transaimular tautoinerism of 9-alkyl- 
aiithracenes (p. S.'ia). 
Pz-Methylanthracenes (p. 45^). 


Anthracene Carboxylic Acids (p. 52a). 
Dianthraoenes (p. 52c). 

Alkylanthraoene Derivatives found in Nature 

(p. 52d). 

Literature References (p. 52d). 

STRUCTURE. 

The structural formula of anthracene has two 
similar benzene rings connected through a dis- 
similar central ring, on the properties of which 
the chemical behaviour and isomerism of the 
anthracene derivatives largely depend {rf. 
Anthracene, Vol. I, 382). The central ring in 
anthracene can be regarded either as o-quinonoid, 
or as being p-quinonoid but possessing a bridge 
bond which is opened by addition or oxidation. 
The latter view is scarcely tenable on modern 
knowledge of strain, but is valuable in offering a 
simple mechanism for the reactions of anthracene 
derivatives by addition, which opens the bridge 
bond. In the present article its use is largely 
retained on this ground ; it must however, be 
understood that it is conceived as bt-ing mtu-cly 
a device to in<licaie the mean position of equili- 
brium between the two o-quinoid ftuins which 
are possible, for instance in a inonosubstiiuted 
derivative ; 


H 



In simple reactions of anthracene, for instance 
halogenation, the bridge bond is like an ethylenie 
double bond. Addition occurs, and then sub- 
stitution, and either halogen or halogen acid 
(ran be abstracted, the di- or mono-halogen 
anthracene being formed, with re-formation of 
the bridge : 



Generally, derivatives having the bridge bond 
or o-quinonoid structure are fluorescent in solu- 
tion ; those having the p-quinonoid are not. 


The central ring, in acquiring two oxygen 
atoms by oxidation, can give rise to several 
distinct stages between 9:10-dihydroanthraceno 
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and 9:10‘dioxoanthracene or anthraquinone. 

Four successive stages of oxidation can be 
observed in practice, but at each of the two 
middle stages pairs of tautomeric forms are 
obtained where one member has the o-quinonoid 

p-Quinonoid. 

Reduction. 


and the other the p-quinonoid central ring. In 
addition, the dihydro-dcrivatives of the mono- 
and di-hydroxyanthracenes make up in all nine 
types of compound between dihydroanthracene 
and anthraquinone inclusive : 

o-Quinonoid or Bridge Bond. 



9; 10-i)ioxoantliraccrie 
(Antliraquinone).* 


OH 




daO-Dihydroanthraoene. | 

Oxidation. 

♦ Koi».— Throughout the present memoir, anthrones and anthranolB are numbered with the oxygen in the 
9-pOsition, anthraquinone being numbered in the accepted manner shown above. Alternative names used in 
the literature are given In parentheses. 
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The sericB of anthracene derivatives obtained 
by substituting the central-ring hydrogens by 
alkyl or aryl groups, or the meso- or 9-mono-, or 
9:10-dialkyl-anthracenes, have properties dis- 
tinct from those in wliich the hydrogens of the 
external benzene rings are similarly substituted 
(Bz-derivatives). For any one alkyl group in a 
W€5o-position in anthracene there is one mono- 
and one di-substituted derivative, while for the 
/iz-derivatives there are two mono-, twelve di-, 
fourteen tri-, and sixteen tetra-substituted 
derivatives possible. Where both meso- and 
Bz-positions are substituted, larger numbers of 
isomers are possible. 

The we50-alkyl derivatives are the most 
thoroughly studied and are therefore discussed 
first. 

mc^oALKYLANTHRACENES. 

The principal methods by which the m^-alkyl 
and -aryl anthracenes may be prepared are as 
follows : 

A. Where the substituent group is added to a 
preformed anthracene ring. 

1. C-alkylation of reduction products o^ 

anthraquinone. 

2. Action of Grignard reagents on an thrones 

and anthraquinones. Preparation of an- 

thrones, and their properties. 

3. By Friedel-Crafts type reactions : 

(а) with anthracene and alkyl halides, 

(б) with anthracene and acid halides (or 
anhydrides), 


(c) from halogeno -anthracenes and re- 
active aryl compounds, 

{d) with halogeno-anthrones and aromatic 
compounds. 

4. The reactions of anthroncs with aldehydes 
and unsaturated compounds. 

B. The substituent groups are added prior to 
forming the anthracene ring. 

1. From alkyl (aryl) benzyl benzoic acids. 

2. By reaction of Grignard reagemts on 

phthalides. 

3. Miscellaneous methods. 

I 

C. Simultaneous introd uriion of substituent 
groups, and anthracene ring closure. 

(These methods will be discussed in turn.) 

A. Addition of Alkyl (Aryl) Grodps to 
Anthracene and its Derivatives. 

1. C-alkylation of Reduction Products of 
Anthraquinone. — Liebcrmann and his school 
studied extensively the reaction which occurs 
W'hen anthraquinone is reduced with zinc dust 
and caustic alkali, and an alkyl halide of at least 
two carbon atoms added. 

The first compounds formed by adding alkyl 
halide to the reduced alkaline solution are the 
10-alkyl- 10-hydroxy anthroncs (1) ; under more 
vigorous conditions, however, further reduction 
takes place with formation of lO-hydroxy-lO- 
alkyl-9:10-dihydroanthracenes (II), which easily 
lose water from the OilO-positions to form mono- 
alky lanthracenes (III). 



The (I) series are also obtained by the Grignard 
method (v. p. 236) from anthraquinone, by keep- 
ing the latter in excess. The hydroxyl is readily 
replaced by chlorine by means of phosphorus 
pentachloride. They are readily reduced by zinc 
and ammonia to (II), while more vigorous 
reduction yields 9-alkyl-9:10-dihydroanthra- 
oenes. When R— allyl in (I), it is noteworthy 
that sodium amalgam preferentially reduces the 
double bond giving lO-u-propyl-lO-hydroxy- 


anthrone. 9-Methylanthracene is not available 
by this route, as the main product with methyl 
halides is anthranol methyl ether. 

Anthrones, when boiled with caustic potash 
and alkyl (aryl) halides react vigorously in the 
anthranol form and are alkylated to the 
10-alkyl(aryl)anthr6nes, but can also react 
further, both to introduce a second group directly 
attachi^ to carbon and to etherify the hydroxyl 
group, so that four products are possible : 
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Whilo (fl) is of rarer occurreiK'c, (J), (III), and 
(IV) are plentifully of^servCMl, as the table below 
shows. 


Alkyl group. 

Methyl 

h]thyl . 
w- Propyl . 
i,soAmyl . 
Benzyl . 


Product. 

/(Ill), (iV). 

•1 (I). 

. (11), (III), (IV). 
. (Ill), (IV). 

. (I). 

. (IV). 


(I). 


licfcrence. 

61. 193, 207, 246 
245. 2526 

60. 193 
61 

61 

61, 204. 249, 

262r, 259, 277 

249. 262fl. 2526, 
274, 276 


The monoalky lanthrones may be reduced to 
9-alkylanthracene8, and the dialkylanthrones 
to 9;9-dialkyl-9:10-dihydroanthrarenes, but the 
first-mentioned series can also bo used to pro- 
duce unsymmetrical 9: 10-dialky lanthraccnes by 
method A2, next discussed. 

2. Action of Grignard Reagents on 
Anthrones and Anthraquinones. — Here'the 
major reaction is normal in each case, one or 
.both carbonyl groups, as the case may be, being 
converted to alkyl- carbinol groups in the usual 
way. Thus anthrones yield 9'hydroxy-9-alkyl- 
9:10-dihydroanthracene8, and 10-alky Ian thrones 
yield 9 - hydroxy - 9:10 - dialkyl - 9:10 - dihydro- 
anthracenes. Both can be dehydrated, usually 
in acetic acid solution by means of a little added 
hydrochloric or sulphuric acid, yielding 9-alkyl- 
or OilO-dialkyl-anthracenes ; the alkyl groups 
can also be the same or different.^®®' 

200, toi. 202, 2280, 2a8e, 232. 238, 241, 245, 249. 251, 262, 
2580, a58e, 26«o, 268o, 25»a, 266, 267, 272, 277, 300 

The reaction is, however, complicated by the 
enolising effect of the Grignard reagent, and the 
anthranol so formed gives a magnesium— 
organic complex which only regenerates an- 
thranol with acid. It Is usual to employ 2^-3 
molecules of the Grignard reagent to minimise 
this effect, but it is worthy of note that the 
enolising tendency is much diminished when 
lithium phenyl is employed as the reagent.®®^ 


Generally, good yields are confined to a few 
reagents, such as methyl iodide, ethyl bromide, 
benzyl (ddorido, and bromobenzcnc. The last 
generally gives good results ; thus 10-phenyl- 
anthrone with phenyl magnesium bromide 


O 

II 



followed by dehydration gi\(es a 66% yield of 
9;10-diphenylanthracene. Methyl magnesium 
iodide or ethyl magnesium bromide and 1:5- 
dichloroanthrone yield, after dehydration, a 
75% yield of l:6-dichioro-9-methyl- or -ethyl- 
anthracene,®®* Although the l:5-dichloro-9- 
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hydroxy - 9 - alkyl :9:10 - dihydroanthracenes are 
stable enough to be recry stalliaed from acetic 
acid or alcohol and do not lose water on keeping 
in a vacuum desiccator, yet when dissolved in 
acetic acid it is only necessary to add a few 
drops of mineral acid to cause the immediate 
formation and crj'^stallisation of 1 :5-dichloro-9- 
alky lanthracen es . 

Owing to the mechanism of this final dehydra- 
tion, which consists in the loss of the elements 
of water across the 9;10-po8itions, if alkoxy- or 
acyloxy-groupa are already present in the 10- 
posiiion of the anthrones, then the alcohol or 
acid may be split off in the final step. This 
usually consists of the treatment with hydro- 
chloric acid in acetic acid solution ; the methoxy- 
groUp may then be replaced even by chlorine. 
Thus 10-methoxyan throne with benzyl mag- 
nesium chloride gives a 9-hydroxy-l()-mothoxy- 
9:J()-dihydroanthra(rene which loses methyl 

alcohol to give lO-chloro-O-benzylanthracene.^^s 

Again, 10-acetoxy- (or benzyloxy-) arithrone-9 
and its Rz-methyl derivatives, with methyl 
magnesium bromide followed by the dehydrating 
reagent, split off acetic (or benzoic) acid to give 
9 : 1 0 - dim e th y Ian thraccnes . ^ 

Cases where the dialkyl-dihydroanthraiiols do 
not yield anthracenes but alkyl -alky lidciK'-di- 
hydroanthracenes, owing to co-ordination effects 
of the a- chlorines present are discussed later in 
this memoir. 2® 2* 

The enolisation which reduces the yield with 
Grignard reactions from anthrones can no longer 
occur wdien 10:10-dialkyl(aryl)an thrones are 
employed as starting materials, lienee good 
yields are obtained, but the products are 9- 
hydroxy - 9:10:10 - trialkyl(aryl) - 9:10 - dihydro- 
anthracenes which cannot be dehydrated, but 
only reduced to the corresponding 9;10:10-tri- 
alkyl(aryl)anthracenes,20o One of the 10:10- 
substitiients may be a hydroxy- or methoxy- 
group ; the latter gives good results. 

The Preparation of Substituted Anthrones {(f. 
Anthrone, Vol. I, 430). — The preparation of 
anthrones containing substituents is an essential 
step in building up a wide variety of ms-alkyl- 
anthracenes, and it is convenient to discuss the 
subject at this point. As anthrone and anthranol 
are unsymmetrical anthracene compounds, one 
substituent in the Rz-rings of anthracene can 
give rise to two isomers ; in the case of two sub- 
stituents in the Rz-rings, when these are sym- 
metrical, only one anthrone can exist, but when 
unsymmetrical there are again two isomers. 

Anthrone was first produced by reduction of 
anthraquinone by means of hydriodic acid 
and, later, more economically by tin and hydro- 
chloric acid or reduction under pressure with 
caustic potash and carbohydrates,^*® at low 
temperatures with aluminium and sulphuric 
acid,^®* or by means of alkalinehydrosulphites.*** 
More recently catalytic reduction of anthra- 
quinone by hydrogen and nicrkel has been stated 
to give good results.*®* Anthracene can be 
oxidised to dihydrddianthrone with acetic and 
nitric acids and the product reduced to an- 
throne. There is also the method of reducing 
o-benzoylbenzoic acid by activated zinc and am- 
monia to o-benzylbenzoic acid, followed by ring- 
closure with sulphuric acid to anthrone,’®* *** 



whi(4i in a number of cases is useful for con- 
firming constitution, as the 2'- and 4'-mono- 
substituted acids can only give single com- 
pounds when riTig-closed, whereas the S'- and 
fi'-derivatives can each give mixture of two 
isomers. Similar rules apply when two sub- 
stitut nts are })iesent. 

Properties of Anthrones . — The Rz-substituted 
unthrones have been prepared as pure single 
isomers by a variety of methods, largely by the 
w'ork of the late A. G. Perkin and his col- 
laborators for hydroxyanthrones,*®* w ho found 
the method of boiling hydroxy- and alkoxy- 
antliraqiiinones with stannenjs chloride and cori- 
e(‘ntrated h 3 ^drochloric acid very useful, while 
E. do Barry Barnett and his school chi(dfy in- 
vestigated, and in groat measure cleared up, 
various inaccuratdes in the polychloro- and 
polymcthyl-anthrones by various methods, such 
as the reduction and ring closure ol’ e-benzoyl- 
benzoie acids *®®' *’*• *” by tin and 

hydrochloric acid,**®’ **®’ *®^’ *®’- *®* aluminium 
powder and sulphuric acid,**®’ *®^’ *®*"’ **’* *’® 
zinc and acetic acid, *®*''’ *®®“’ *®®®' or stannous 
chloride and hydrochloric acid.*®®- *’® Stoyer- 
mark prepared Rz - 1 - hydroxy - Bz - methyl - 
anthrones,*®^ and Zahn a further series of 
Rz-hydroxy-methoxy- and -hydroxy-acetoxy- 
an thrones.*’®’ *®® 

The development of the chemistry of anthrone 
and anthranol was slow utitil K. H. Meyer i®® 
showed that Liebermann’s anthrone was a 
mixture of the two tautomers, and first prepared 
anthranol in a state of purity by atudifying the 
alkaline solution at low temperature. It passes 
readily into anthrone even on keeping, while 
anthrone is stable, and anthranol is at once 
oxidised in solution, even by atmospheric 
oxygen, to dihydro-dianthrone. The many 
doubts that existed previously owing to the 
varying behaviour of anthrone-anthranol mix- 
tures under different conditions was largely 
cleared up by the work of K. H. Meyer, whose 
methods enabled the composition of the equili- 
brium between the tautomers in any solvent to 
be determined. Thus the velocity of atttoing 
equilibrium is in descending order in the solvents 
acetone, ether, chloroform, acetic acid, alcohol, 
benzene, and light petroleum. The equilibrium 
usually favours anthrone, but in acetic acid is in 
favour of anthranol. Solvents in which only 
anthranols can exist are pyridine and piperidine. 

The chemical behaviour of anthrone and 
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anthranol is very different, the latter being in 
general much more reactive. It is strongly 
fluorescent, like all derivatives having the 
anthracene stmcture (bridge bond, or o- 
quinonoid), while anthrone is not ; it couples 
much more rapidly with diazonium salts, and 
with oxidising agents sucli as iodine, bromine, 
ferric chloride, and amyl nitrite it is rapidly 
converted into the non -fluorescent dihydrodi- 
anthrone, whereas anthrone is unaffected : 


O 



Some of these products brominate to yield 
bromoanthranyl ethers (III) and some to bromo- 
anthrones (II). ^74 


Br OMe 



11. III. 


!l 

O 

Thus when dissolved in a slow-enolising solvent, 
e.r/,, alcohol, titration with bromine until 
fluorescence is extinguished forms an analyti('al 
method for determining the amount of the 

anthranol present. ^74 ]\ieycr thus determiru'd 
the following results shown below for substituted 
unthrones in ()•!% alcoholic solutions. 

Substance. Knol present 


Anthrone 

11 

10-nitro- 

3 

10-phenyl- 

30 

lO-mcthoxy- 

40 (?) 

10-anilido- 

80 

10-hydro xy- 

90 

4-hydroxy- 

3-4 

4: 10-dihydroxy- 

10 

l:4:10-trihydrc)xy- .... 

0 


It will be seen from the above that mobility of 
the 10-hydrogen is restrained in several ways ; 
(a) by an acidic substituent on the same carbon 
atom ; (6) by hydroxyl in the 4-po8ition, 

probably by co-ordination with the lO-hydrogen, 
which is in the peri-position to it. 

Barnett has found many examples of related 
behaviour among the chloro- and methyl - 
anthrones, and one typical example is that one 
of these substituents in the 4- or S-position in an 
anthranyl methyl ether causes the latter to be 
free of fluorescence, although the corresponding 
actetatea are all strongly fluorescent, suggesting 
that the former can assume an anthrone type of 
constitution ; 


Further examples of the modifying effect of Bz- 
substituents on the reactivity of the 10-hydrogen 
atoms are that whereas anthrone and benzyl 
(•hloridc yield l():l()-dibenzylanthrone,*^ and 
1 -chloroanthront; and 2- and 3-chloro- 
anthrone behave similarly,^^^ 1:4-, 1:5-, 1:8- and 
4:5-dichloranthrone 259 only 

lO-benzylan thrones. Similarly, 1:3- and 2:3- 
dimethylanthrones both give di benzyl com- 
pounds, whereas l:4-dimethylanthrone does not 
react at all. ‘-^756 Again, alkylideneanthrone 
formation, which occurs by condensation of 
aromatic aldehydes with anthrones, is similarly 
affected and is discussed later in the memoir 
(p. 29). There is thus strong evidence that a 
4- or 5-/i2-substituont in an anthrone-9 pro- 
foundly lowers the reactivity of the lO-hydrogens 
by its co-ordinating effect. 

One molecule of bromine readily attacks 
anthrones to yield the 10-bromoan thrones, 
which are raw materials for Friedol-Crafts 
alkylation [Method A3 (d)] to yield 10-alkyl- 
anthrones. The dibromoanthrones are un- 
stable ; with chlorine only the dichloroanthrones 
can be isolated . 206 10:10-Dichloroan throne, 
the parent compound, is also obtained by 
chlorinating o-tolyl phenyl ketone. 



O 



OMe 
I X 



X*CI, 

I. 



Anthrones also form periodides, either from 
anthrones with iodine, or from hydroxyanthrone 
or anthraquinone by means of hydriodic acid. 
They form remarkable, but unstable, crystalline 

compounds. ^*^ 2 . 113 

Reducing agents convert lO-bromoanthrones 
to dianthranyl derivatives. Mild hydrolysis, 
with boiling aqueous acetone, was shown by 
K. H. Meyer to yield pure 10-hydroxyan- 
throne ; methyl alcohol gives 10-methoxy- 



26 


METHYLANTRACENE AND OTHER SUBSTITUTED ANTHRACENES. 


anthrone, and acetic acid 10-acetoxyanthrone. 
Ammonia and amines convert lO-bromoanthrone 
to dian thrones/ but primary arylamines yield 
1 0-aryiaminoanthrones by condensing in the 
p-position to the nitrogen. However, Bz- and 
ms-substituents exert a very powerful influence 
on this reaction, and even a Bz-2- or -3-methyl 
group enables 10-ary lamino-derivatives to be 
obtained with primary, aecondar}^ or tertiary 
amines.^®®' 

Bromoanthrone also reacts readily with 
resorcinol, with no condensing agent, to give the 
di hy dr oxypheny 1 - dcr i va t i v e . 

Anthraquinones, with alkyl (aryl) magnesium 
halides, can give the hydroxyalkylan thrones, 
but they generally yield 9: lO-dihydroxy-9: 10- 
dialkyl - 9:10 - dihydroanthracones (dialkyl- 
anthradiols),^^®* ^^®®’ ^®^’ which can 

be easily reduced to the dialky Ian thracenes, as 
they are strong oxidising agents. Variable 
yields have been reported, but for instance 2- 
inethylanthraquinone gives with phenyl mag- 
nesium bromide a 95% yield of 9:10-diphenyl-2- 
methylanthradiol.i^®" Barnett only obtained 
a 50% yield of 9:10-diphenylanthradiol from 
anthraquinone,2^i some anthrahydroquinone 
being formed by the reducing action off the 
Grignard reagent, which is a frequent source of 
loss. It may even be made to lead direct to the 
anthracene derivative, for 1 - chloroanthra- 
quinone when boiled with 4 mol. of phenyl 
magnesium bromide yields l-chloro-9:10-di- 
phenylanthracene, only traces of the diol being 
observed. Good yields have been obtained 
from several mono- and di- alky Ian thraquinoncs 
and phenyl magnesium bromide, w-butyl ether 
being used as solvent. An interesting special 
case occurs when lO-acotoxy-2-raethylanthrone 
is treated with magnesium methyl bromide, 
which causes some replacement of the 10-acct- 
oxy -group by methyl, in addition to the normal 
carbinol formation on the 9-carbon atom, so 
yielding directly a significant amount of 2:9:10- 
trimethylanthracene.®®® 

The dialkylanthradiols have a tendency to 
lose water from a 9 or 10 position and the a- 
carbon of the alkyl group in the same posi- 
tion. 





The dialkjjrlanthradiols liberate iodine from 
potassium iodide and acetic acid, and are readily 
reduced to the dialkylanthracenes by zinc dust 


I and acetic acid, by hydriodic acid and phos- 
phorus,^®* or preferably with glacial formic 
acid, with or without sodium formate,^®® as 
this is a quantitative method for all triaryl- 
carbinols : 

RgCOH+H COOH RgCH+HaO+COj. 

It is, however, of interest to note that 1:2:9:10- 
tetramethyl - 9:10 - dihydroanthraquinone - diol 
does not give the tetramcthylanthraccne on 
reduction with hydriodic acid, but the reduction 
proceeds to the limiting stage, the corresponding 
dihydroanthracene.®®® 

If the anthraquinone is kept in excess, only 
one carbonyl group reacts and the 10-hydroxy- 
lO-alkylanthrones are formed exclusively. 

3. By Friedel-Crafts Type Reactions. 

(«) Between Anthracene and Alkyl Halides . — 
This reaction is of little importance. The only 
recorded examples are the condensation with 
cyanogen bromide and aluminium chloride to 
give anthranyl cyanide,^®'* and with benzyl 
chloride and zinc dust to give 9:10-dibenzyl- 
anthracene.®^* ®'^ 

(6) Anthracene and Acyl Halides, Anhydrides. 
— Liebermann and his pupils obtained small 
yields of anthroic acid from anthracene and 
phosgene, or at higher temperatures, 10- 
chloroanthroic acid, or from 9-chloro- 

anthracene and phosgene.®*^ 


COOH COOH 



Bettor yields are obtained with oxalyl 
chloride,^®®* i®® giving a mixture of anthroic acid 
and aceanthrenequinone, the latter being 
obtained in larger amount (60%) when alum- 
inium chloride is present, and yielding the 1:9- 
carboxylic acid on oxidation. 

Malonyl chloride reacts similarly, ^'^® 
whereas diethylmalonyl chloride reacts in the 
Bz-positions.^^^ The reactions of benzoyl chlo- 
ride or, better, benzoic anhydride,®®®" with 
anthracene have been studied in detail, first by 
Perrier, who claims to have prepared three 
isomers ®® j later workers, however, fully 
described anthraphenone (9-benzoylanthracene) 
as the main product with 9:10- 

dibenzoylanthracene as a second product. 
Phthahe anhydride condenses with anthracene 
in presence of aluminium chloride giving what is 
most probably o-anthroyl benzoic acid.^*^* i67, 18 « 
Maleic anhydride condenses with anthracene to 
give a product to which Oddy®®® wrongly 
ascribed the keto-acid structure (I) : 
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This reaction was more fully investigated on a 
broad front later, by I.G. Earbenind. A.-G.,^®® 
by Diels and Alder, and by Barnett and 
others,®®® and shown to be the 9:10-endocyclic 
adduct (II), a particular case of the Dicls-Alder 



reaction of a p-quinonoid ring with a con- 
jugated diene. In the diagrams below, a plane 
representation of anthracene has be(m folded 




about the bridge bond, and is then seen (in 
three dimensions) to react in the o-quinonoid 
form as a conjugated diene in exactly the same 
manner as the classic case of p-benzoquinono 
and butadiene,* which after condensation and 
mild oxidation give 1 :4-naphthaquinone. Hence 
anthracene yields what may be called a^-endo- 
9: 1 0-dihydroanthranyl-9: lO-suocinic anhy d ride 
(II). 


o o 



J3iitudieiic. Benzo- 
quinone. 


I ; t-Naplitha- 
quirionc. 



o 

Maleic anhydride. 



• Acknowledgment for this pictorial device is made 
to Dr. P. G. Carter. 


Similar products are obtained with acrylic acid, 
which is formed in situ by employing j5-chloro- 
propionic acid in boiling o-dichloro benzene solu- 
tion,®®® and with cinnamic acid under the same 
conditions, yielding a)3-endo-9:10-dihydroan- 
thranyl-9:10-propionic and -|3-phenylpropionic 
acids (R-H and Ph), respectively : 



COOH 


An alternative mode of one-plane representation 
of these products, which are only really appre- 
ciated in throe dimensions, is to consider one of 
the /iz-riugs of the anthracene as endocyclic. 
Thus the Diels- Alder reaction of anthracene 
with bcnzoquiiione is represented thus : 


O 



O 



Anthrones do not yield c?idocyclic compounds of 
this type, even in the anthranol form, but in" 
general yield 10-anthronyl derivatives of the 
appropriate acids. Thus maleic anhydride 
yields lO-anthronylsuccinic anhydride (I), and 
acrylic acid replaces both hydrogens giving 
anthronylidcnepropionic acid (II), except when 
a substituent pcr^- to the carbonyl is present, 
when only the anthronylpropionic acid (III) is 
formed. 


O 



I. 
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However, the structure is open to doubt, for 
in the similar reaction between lO-hydroxy-lO- 
phenylanthrone and phenol, Blicks and Warzyn- 
ski 2®® have shown that Liebermann and 
Lindenbaum’s stincture (II) (Ar^Ph) is 

erroneous, and that phenol and cresol react by 
C-alkylation just as resorcinol does, the final 
product Ixung 1 0-phenyl- l()(p-hydroxyphenyl)- 
anthroiie (III). The former authors confirmed 
this structure by synthesis, 2- benzyl benzo- 
phenone (V) being converted in a Grignard re- 
action with magnesium anisylbromide to p- 
anisyl-2-benzylphenyl-phenyl carbinol and ring- 
closed, and the product oxidised to the same 
an throne (IV). 

Bromoanthrone is readily attacked by di- 
methylaniline, but instead of a dimethylamino- 
phcnyl group being inserted, two molecules of 
an throne combine to yield dianthrone (10- 
anthronylanthronc).^®® 

With simple aromatic hydrocarbons alumin- 
ium chloride must be used as condensing agent. 
Thus aryl groups were inserted by this means 
into the 10-position using benzene and 10- 
(‘hloro-lO-amylanthrone,^^® benzene or toluene 
and 10-(;hloro-10-phenylanthrone,’® and ben- 
zene or toluene and 10-bromoanthrone, and 
Barnett and his school have shown that the 
presence of /iz-substituonts may considerably 
assist the reaction, as shown by the ease with 
which l;5-dichloro- 10- bromoanthrone passes 
into the corresponding 10-phenyl derivative 


I and many other oases. 2®®- 266a, 287. 270, 274, 

277 

. Both halogens in a dihalogenan throne may 
react in a Kriedel-Crafts reaction, for instance, 
with dialkylanilines to yield the ]0:10-totra- 
alkyldiaminodiphenylanthrones,®®’ with ben- 
zene to yield diphenyl an throne ’® or with toluene 
to yield ditolylanthrone.^^® 

In general the alkylanthrones form sources for 
alkylanthracenes either by reduction to 10- 
mono- or 10:10-dialkyl(aryl)anthracene8, or by 
the Grignard method 2, to give 0: J0-dia!kyl- 
(aryl)anthracenes, th(^ groups being the same or 
different, or to give 9-hydroxy-9: 10: 10-trialkyl - 
(aryl)-9:]0-dihydroanthracenes, which cannot 
be dehydrated, but can be reduced to trialkyl- 
(aryl)-9:10-dihydroanthracene.s. 

4. The Reactions of Anthrones with Alde- 
hydes and Unsaturated Compounds. — 
Anthrones condense with aldehydes by the 
aldol mechanism, and then readily dehydrate to 
alky hden can thrones (1) below. Although this 
reaction is readily pictured as proceeding from 
anthrone as in (A) by loss of the //is-hydrogen with 
the £u-hydroxyl, the fact that a good yield can be 
obtained by enolising the anthrone by first dis- 
solying it in (caustic soda (K. ll. Meyer, ^®®) or in 
methyl alcohol in presence of piperidine (Bar- 
nett 2 ®®), shows that (B) is the mechanism, the 
product being formed by reversion to the 
anthrone form on dehydration by ‘ ‘ transann ular 
loss of the elements of water. 



The alkylideneanthrones (I) do, however, some- 
times arise by dehydration of hydroxyalkyl- 
anthrones, where the mechanism of dehydration 
cannot follow the same route as in (B), but must 
be as in (A). Thus benzylidenean throne (R^- Ph), 
fimt prepared by the latter route,^®' was 

prepared in 38% yield by Padova from benz- 
aldehydo and anthrone,^® ^ the yield was im- 
proved by Cook to 66% by using pyridine and 
piperidine as enolising solvent,®®® and to 93% 
by Julian and Magnani ®®® using a method em- 
ploving acid conditions, previously applied by 
Kohler to the analogous case of benzylidene- 
deoxybenzoin (J. Amer. Chem. Soc. 1906, 86, 
194). 

The latter condensation, however, does not 
succeed with certain substituents in the benzene 
ring, as for instance with o- or p-nitrobenzalde- 


hydo, p-dimethylaminobenzaldehydc, cinnam- 
aldehyde and i^ovaleraldehyde,, and is prevented 
also by halogens or methyl groups in the Bz- 
positions; thus 1:5-, 4:6-, 1 :4-dichloroanthrones 
fail to react, while l:8-dichlo roan throne readily 
gives a benzylidene derivative and 2:3-dichloro- 
anthrone reacts only slowly. 1:4- and 2:4-di- 
methylanthrones also fail to react, whereas 1:3- 
and 2:3-dimethylanthrone8 react readily.®®®** 

Certain alkylidene derivatives arise in a 
different manner. Benzophenone chloride re- 
acts with 9:10-dihydroanthracene 1 ®® to 
yield9:10-di-diphenylmethylene-9:10-dihydroan- 
thracene (I) (below), a compound also obtained 
by interaction of anthraquinone with diphenyl- 
keten.^®® 

Benzophenone chloride, also with anthrone, 
yields anthrafuchsone, or diphenylmethylene- 
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anthrone (II) (below).^^’**' This reaction also 
proceeds with i? 2 :-) 9 -chloroanthrone 8 but fails 
with 1;8- and 4:5-dichIoroanthrones, with which 
the corresponding dianthrones are the only pro- 



11 

CPh2 

I. 


ducts.259 This is another example of the effects 
of jSz-a-substituents on the activity of the meso- 
hydrogens. 


O PhCPh 

(I II 



II 

CPha Ph Ph 

II. III. 


Barnett also found that 10:10-diphenylanthrono 
readily condensed with benzophenoiie chloride 
giving 9: 9-diphenyl- 10- 1 0-diphenylinethy Icne- 
9;10-dihydroanthracene (III).^^® The double 
bond in the latter was stable to reduction by 
zinc-acetic-hydrochloric acid, to sodium and amyl 
alcohol, and to hydriodic acid and phosphorus. 

The reaction of aldehydes with anthrone is, 
however, a very general reaction and also occurs 
under other conditions, such as in 82% sulphuric 
acid. There is also the complication that when 
the carbon chain of the aldehyde is of three or 
more carbons, there is a tendency to form a new 
benzene ring between the me^o-carbon and' the 
jsm’-carbon. This is manifested by Bally’s 
fundamental discovery of the benzanthrone * 



O 


* Benzanthrone Is sometimes known as Ird-benz- 

anthrone. By the nomenclature of the present 
memoir it would be named 4:10-benzanthrone. It is 
also called m-benzanthrone, but the latter is open to 
objection as description of a ring as ** m«-benz *’ does 
not express the fact that this benzene ring is fused to 
the system by three common carbon atoms. 


reaction. This is carried out by heating an- 
throne, or anthraquinono and a reducing metal, 
in 82% sulphuric acid, with glycerol. The 
reaction was elucidated by Bally and Scholl 
and explained as an aldol condensation of 
anthranol with acrolein followed by loss of 
water and dehydrogenation. 

The BaUy-SchoU benzanthrone synthesis was 
checked by a new peri ring-synthesis,” due to 
Scholl and Seer, by fusing phenyl -a-naphthyl 
ketone.s with aluminium or ferric chloride.^*® 
The benzene ring formation is encouraged by 
the 82% sulphuric acid, but it can be separated 
into a condensation and a ring-closure stage 
under certain conditions. It is to be noted 
however, that a^-unsaturated ketones of the 
type R-CO-CR^rCHRg may condense with 
anthrone by one of two possible mechanisms ; 

(a) when R = H, generally by the aldol 
mechanism suggested by Bally and 
Scholl, to yield a condensation pro- 
duct (1) and by ring-closure a sub- 
stituted benzanthrone (II) ; 

{b) when li is not hydrogen, by a Michael 
addition to the double bond giving a 
condensation product (111) which on 
ring-closure gives the oppositely sub- 
stituted benzanthrone (IV ). 



OH O 

I. II. 



III. IV. 


Very frequently the group R^ is split off in the 
condensation. This possibility was first foreseen 
by Meerwein,^®® who indeed condensed anthrone 
with diethyl benzylidenemalonate 

PhCH:C(COjEt)a, 
ethyl benzyUdeneacetoacetic ester 

PhCH:CH(C0CH3)C02Et, 
and benzylideneaoetophenone 

PhCH;CHCOPh 

to yield the Michael addition products, which, 
however, were in general too unstable for ring- 
closure to be carried out. The first was, hpw- 
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ever, saponified with sulphuric and acetic acids 
to jS-anthronyl-/9-phenylpropionio acid. 

This second mechanism was shown to take 
effect in practice by the I.G. Farbenindustrie 
A.-G. in a series of patents, ^*3* 244 . 247 ygj.£ggjj 
by other investigators. ^87 
The statement of the general reaction is not 
without certain exceptions. Thus crotonalde- 
hyde (R-Rj~H, Rg^Me) certainly condenses 
by route (6) at the double bond, yielding 7iz-3- 
inethylbenzan throne, 238 and ^-chloroacrolein 
behaves similarly 280 yielding Bz-S-chlorobenz- 
anthrone, but cinnamaldehyde obeys the rule (a) 
giving Bz- \ - phcnylbcnzanthrone.2^3 Phenyl - 
vinyl ketone (R-=Ph, Rj=H) by method (6) 
yields the same end-product, 2®^ while hydroxy- 
methyleneacetone (R = IVIe, Rj = H, Rg^OH), 
by the same mechanism, yields Bz-l -methyl-, 
and hydroxymethylenemet%l methyl ketone 
(R- Me, Rj-Me, Rj-OH) gives Bz‘l:Bz-2- 
dimethyl benzanthrone. 

Again, when R = OH, only {h) takes effect, and 
hydroxybcnzantlirones result ; thus acrylic acid 
gives Bz-l -hydroxy benzanthrone, cinnamic acid 

/Iz-l -hydroxy- /i2-3-phenylbenzanthrone,2^7 

maleic anhydride (R~OH, Rj^H, R 2 =COOH, 
less HgO), splitting off Rj in the process, gives 
the same end-product as acrylic acid.®^'** 

The series of reactions which can be carried 
out by a type of Diels-Alder addition to methy- 
lenoan throne may also be mentioned. These 
yield benzanthrone derivatives by dehydro- 
genation of hypothetical addition products. 
Thus cinnamic acid gives i? 2 -l-phenylbenz- 
anthrone (I), maleic acid gives the Bz-l:Bz-2- 
dicarboxylic anhydride, fumaric acid, as the 
/ra?w-acid, loses one carboxylic-acid group giving 
B2-2-carboxybenzanthrone, and butadiene re- 
acts with two molecules giving Bz-PBz-P-di- 
benzanthronyl.27« As the reactions are all 
carried out in nitrobenzene solution, dehydro- 
genation to the completely aromatic form occurs 
in one step : 

COOH 

I 

CH Ph 

CHa CH 



B. The Substituent Groups are Added Prior 
TO Formation of the Anthracene Ring. 

1. From Alkyl (Aryl) Benzylbenzoic 
Acids. — The general reaction of the o-dialkyl- 
benzylbenzoic acids. 



O 


usuaUy effected by hot sulphuric acid, giving 
anthrones, was discovered by Baeyer for tri- 
phenylmethane carboxylic acid, yielding 10- 
phenylanthrone.i® (R^Ph, R'=H). As an 
alternative, phosphorus pentachloride and the 
anhydride of tlic acid last mentioned gives 10- 
chloro- 1 0-phenylanthrone. 

The countcr})art of Pechmann’s mixed an- 
hydride of benzylbenzoic and acetic acids yields 
lO-phenylanthranyl-9-acetate by heating at 
only 100° 295 2 inc chloride : 


CHPh Ph 



OAc 


Since the diarylphthalides, by opening the ring, 
or by reduction, are the main sources for the 
triarylmethane carboxylic acids, the compounds 
investigated depend on the availability of the 
former, which is now discussed. 

Sources of Diarylphthalides . — Diarylphthalides 
arise when phthaloyl chloride is condensed with 
aromatic hydrocarbons by the Friedel-Crafts 
reaction. ^8* Good yields (70%) are ob- 
tained when thiophen-free benzene is used.’^ 

The phthaloylic acids from phthalio anhydride 
and aromatic hydrocarbons, especially as their 
chlorides, can again react with hydrocarbons 
giving diarylphthalides.'^®, 78, b 6 Pechmann’s 
mixed anhydride of benzoylbenzoic and acetic 
acids (I),^8 which is probably the acetate of the 
phthalide (II), readily gives diarylphthalides 
(III) in the Friedel-Crafts reaction : 



O 


O 

I. 


III. 
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Monoarylphthalidea are prepared by reduction of 
phthaloylic acids, and 

by the FriedoJ-CraftH reaction with aromatic 
hydrocarbons they }’ield (iiarlyphthalides.'*®' 



Diarylphthalides in which one aryl has a tertiary 
amino-group are often quantitatively obtained 
by adding a tertiary amine (with free /i-position) 
to the phthalide (from the acid and atretic 
anhydrith*) ; w'hen a m-hydroxy-tertiary 
amine is used, no condensing agent at all is 
required.®^ 

Fhthalio anliydride in some eases gives good 
yields of diarylphthalides \e.g., diphenyl- (III), 
dimethyl-, diethyl- and dibenzyl-phthalidesj by 
the Grignard method. 

The diarylphthalides, when the ring is opened 
with alkalis, are readily nnluced to the triaryl- 
methane (carboxylic acids, which can then be 
dehydrat(‘d and yield monoarylanthronos.^^*’ ’2. 78 



CAr2 

"'\OH 


"^COOH 



2. Action of Grignard Reagents on Phthal- 
ides. — The mechanism of this reaction has not 
been fully worked out. Two tyf)es of products 
are obtained ; 


of the reagent, where R= methyl, ethyl, iso- 
propyl, benzyl,^®^ and phenyl yield only 
type (B). The diol passes into the phthalano ( B, 
Ar-^H) very easily with dilute hydrochloric 
acid, except when R is phenyl, when the 
phthalano is formed only with difficulty. In this 
case 9-phenylanthracene is much more readily 
obtained by treating a benzene solution with sul- 
phuric aci(l. Monoarylphthalides, being readily 
available, have been niore fully examined, both 
(A) and (B) tvpes having been observed. 

163 

Dipheiiylphtlialide, with three molecules of 
phensd magnesium bromide, gives type (B), and 
dehydration occurs with glacial acetic acid to 
give tetraphcmylphthalane (B, Ar^-R— Ph).^*® 
When, however, diphenylphthalide is added to 
a large excess of phenyl magnesium bromide 
type (A) is obtained, and this on reduction 
and dehydration yields 9:10-diphenylanthra- 
cene.^2^ 

Fhthalio esit rs a(;t as dialkoxyphthalidcs and 
give products of typ(j (A).^^’* the alkoxy- 
groups being simultaneously replace(i by aryl 
groups. Shibata however, with methyl mag- 
nesium iodide and benzyl magnesium iodide, 
found that dehydration o(‘curred with formation 
of methyleno- and bonzylidene-dialkyIj)htha- 
lanes.^^’^ When phenyl magnesium bromide 
was used the distilled product (ni.p. 194-195°) 
was described as diphenylphenylencphthalane 
on the same lines, but Barnett has shown tliat 
this substance is diphenylanthrone,^^^ the 
dehydration oc(;urriiig either in the distillation 
or by Tneans of the oxc(^ss Grignard reagent. 
Phthalic anhydride acts as ketophthalide and 
gives type (B) products with methyl or ethyl 
magnesium halides and with phenyl or 
benzyl magnesium halides, only two mole- 
cules of reagent l>eing used in both these cases. 

The phthaloylic esters react as arylalkoxy- 
phthalides ; for instance, methyl o-benzoyl- 
benzoate gives type (A) with simultaneous re- 
placement of the me thoxy -group, and the 
ethyl ester behaves similarly. 

The transformation of the products to 9:9- 
diph«nyl-9:10-dihydroanthracene takes place 
as already mentioned. The yield is only 40% 
in the case of the ethyl ester, but o- benzyl - 
benzhydrol is also formed, probably owing to 
the reducing action of the Grignard reagent. 



Type (A), R~aryl, give 9:9-diaryl-9:10-dihydro- 
anthracenes on reduction with sodium amalgam, 
with loss of water. If one Ar is hydrogen, a 
further dehydration occurs, giving a mono- 
arylanthracene. 

Type (B), if the ring is opened by alkali, can 
form anthracene derivatives by dehydration 
with sulphuric acid, and again if one Ar is 
hydrogen, dehydration occurs with formation of 
a phenylarylanthracene. 

With phthalide itself (Ar=sH) three molecules 


.3. Miscellaneous Methods. 

The Ouyot Compounds . — According to Haller 
and Guyot,^®* the methyl ester of tri phenyl- 
methane o-carboxylic acid, with phenyl mag- 
nesium bromide, gives the methoxy-compound 
(1), passing into 9;9:10-triphenyl*9:10-dihydro- 
anthracenC with dry hydrogen chloride.^®* 
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Barnett, Cook, and Nixon, by obtaining the 
same compound whether the methyl or ethyl 
ester was used, have shown that (I) is really the 
carbinol and not the methyl ether. 

The Guyot school employing their 

remarkable series of dialky laniline derivatives, 
prepared the 9-dlalkylanilinophenyl derivatives 
of 2-dialkylaminoanthracene. 

Action of Grignard Reagents on Ketones . — 
The o-aryloylbenzoic acids react normally with 
Grignard reagents, and the resulting isobenz- 
furan may be reduced to the triarylmethane car- 
boxylic acid and cyclised to the antlirone : 


....COAr 




(X -- M e, halogen . Ar 



Thus, the case where Ar=p-tolyl, R— cyclohexyl 
(X=Me or halogen) has recently been de- 
scribed, yielding 10 - cyclohexyl - 2 - methyl - 
anthrone, reduced by zinc and ammonia to the 
9-hydroxydihydroanthracene, which was de- 
hydrated by acetic anhydride to 10-cyclohcxyl- 
2-methylanthracene. 

9:9-Diaryl- or alkylaryl-9:10-dihydroanthra- 
cenes are obtained by commencing with 0 - benzyl- 
phenyl aryl ketones, and treating these with a 
Grignard reagent to yield benzylphenyl diphenyl 
carbinols, which can be cyclised with acetic- 
hydrochloric acid. 



The case Ar~Ph, R==p-anisyl has recently 
been described.*®® 

Similarly, o-dibenzoylbenzene, with phenyl 

vot, vm,-^ 


magnesium bromide, yields 2-benzoyltriphenyl 
carbinol, yielding diphenylanthrone at 300°.*^® 



COPh 


COPh 


Ph Ph 




Bradsher describes a route to alkylanthra- 
cenea which has novel features. o-Benzyl- 
benzonitrile, prepared by heating 2-chloro- 
diphenylmethano with cuprous cyanide, reacts 
with methyl magnesium iodide, giving o- 
benzylacetoi)henone. The latter, on long boiling 
with acetic and hydrobromic acids, gives 80 % 
yields of 9-methylanthracene ; similar results 
are obtained when the Grignard reagent is 
prepared from ethyl iodide and benzyl chloride, 
giving 9-ethyl- and 9- benzyl-anthracene. The 
dehydration is probably preceded by enolisa- 
tion : 




'^CH^Ph 



R-H, Me, Ph. 


C. Simultaneous Introduction of Alkyl 
(Abyl) Groups and Anthracene Ring 
Closure. 

It was noticed by Friedel and Crafts that 9- 
phenylanthracene was a by-product in the 
preparation of triphenylme thane from chloro- 
form, benzene, and aluminium chloride. 

This reaction was subsequently discussed by 
Linebarger ; it is similar to the formation of 
anthracene from diphony Imethane.^®^ 

The mechanism of the last reaction, however, 
is still obscure, as Barnett has shown that the 
conversion (I)-(U) does not occur with alumi- 
nium chloride in carbon disulphide solution, 
only 9:10-diphenylanthracene being formed, 
although 9:9-diphenyl-9: 10-dihydroanthracene 
readily splits off benzene in similar circumstances 
to yield 9-phenylanthraoene.*®® 

Ethylidene dibromide or dichloride, or bromo- 
ethylene, reacts with benzene or toluene and 
aluminium chloride to yield products originally 
considered to be 9; lO-dimethyl-9: 10-dihydro- 
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anthracenes/* but. shown by Barnett ***'’ to be 
9:10-dimethylanthracenes, because they are 
identical with the product obtained by methyl 
magnesium iodide on lO-methylanthrone ; this 
product also forms a picrate, which dihydro- 
anthracenes do not. 




A number of reactions occur in which anthra- 
cenes, including alkylanthracenes, are formed 
directly by the action of simple acid condensing 
agents on aromatic substances in which the 
necessary reactive groups are already present. 
Thus the dimer produced by Ewins from 
homopiperonyl alcohol was more simply pre- 
pared by Robinson/®* and its constitution 
shown to be dimethylene-2:3:6;7-tetraoxy-9;10- 
dihydroanthracene (1) as Ewins suspected. 

Homoveratryl alcohol gives the same reaction 
with equal ease, affording (II),**° and when 
veratrol is treated with formaldehyde and 60% 
sulphuric acid, a theoreticfd yield is obtained. 

It is remarkable, however, that (II), on treat- 
ment with 40% nitric acid, does not oxidise to 
the anthraquinone, but opens the ring and 
nitrates to a dinitrodiphenylmethane derivative. 



/ 




2 + CH,0 

MeOL J 


In the case of tsosafrole, the anthracene for- 
mation may occur by hydration of the double 
bond and loss of water, (III) yielding the 9: 10- 
diethyl derivative of (I), which should exist in 
cia- and ^rans-forms, and two apparently distinct 
isomers have been observed melting at 145° 
and 95°,^^^ the latter being converted to the 
former by distillation.^®* 



iso-Eugenol undergoes a similar transforma- 
tion and the product has been shown by R. D. 
Haw'orth and Mavin,®’® to be (IV). 



IV. 


"O 


V. 

(Not reactive.) 


On the other hand, anethole (V) gives no anthra- 
cene derivative by similar treatment. 
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Transannulae Tautombrism* of 9- Alkyl 
Anthbacbnbs. 

The clarification of the anthranol-anthrone 
tautomerism by the researches of K. H. Meyer 
and his pupils, referred to above, and the sup- 
porting evidence of a similar tautomerism 
between 9-aminoanthracene and 9-imino-9:10- 
dihydioanthracene (I-II), led Barnett 

and his school to investigate and amply demon- 
strate the corresponding tautomerism between 

9- mothylanthracene and 9-methylene-9: 10-di- 
hydroanthracene (III-IV). The common factor 
in these related changes of constitution is the 
movement of a hydrogen atom across the 9:10- 
positions of the central ring, hence named by 
Barnett “ transannular tautomerism.” 

First evidence of a similar tendency in 9- 
methylanthracene derivatives was shown by the 
preparation of a dibromo-compound (VI) from 

10- methyleneanthrone (V), which was equally 
well obtained by Meyer from 10-methylan- 
thranol-9- methylether (VIl),^*® so that its 
constitution must be that shown. 



♦ Befgmann reoomtnended that the word 
** tiftnuumellar should be substituted, but Barnetts* 
orlgtnal nmuendature has been retaiiidl in this memoir. 


Barnett first studied the behaviour of bromina- 
tion of 9-alkylanthracenes. 9-Methylanthracene 
gives with one molecule of bromine the 10- 
bromo-9-methylanthracene, probably by the 
addition of bromine and splitting off of hydro- 
gen bromide, as shown, and a second molecule 
of bromine yields a dibromo-compound which 
must bo the lO-bromo-9-bromomethylanthra- 
cene, as one of the bromines is very reactive and 
yields acetoxy- and hydroxy-derivatives. Hence 
it is considered to be (Vlll), and not (IX), 
because the bromine atoms in the latter would 
be identical in reactions, and it would yield 
methyleneanthrone on hydrolysis, instead of 
which it gives the hydroxy-compound (X). The 
mechanism of bromination is most probably 
explained by the lO-bromo-9-methylanthracene 
first formed tautomerising to lO-bromo-9- 
mcthylene-9:10-dihydroanthracene, the latter 
then adding bromine to the double bond and 
undergoing transannular loss of hydrogen 
bromide. In addition it forms a monopyridinium 
salt, which could not be explained on (IX), but 
is clear in (VIII), owing to the active ca-bromine 
atom.®*®' 



VIII. 


CHgOH CHg 



X. IX. 


9-Ethyl-, -wopropyl- and -t^oamyl-anthraoenes 
do not yield dibromidea of this type, but excess 
bromine in all cases (except 9-methylanthracene, 
which gives a hexabromo-compound) yields 
pentabromo-derivatives, which on treatment 
with caustic potash yield tribromo-9-alkyl- 
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anthracenes ; two of the> bromines are in the 
2:3-positionfi and the third in the 10-position : 


Alkyl 


Br Alkyl 





Br Br 


Alkyl 



However, 9:10-dimcthylanthracene yields 9:10- 
di(bromomethyl)anthraeene, giving a dipyridin- 
iuni salt, and lO-plienyl-9-inethylanthracenc 
yields 9-bromomethyl-10*phenylanthracene.^“^^ 
Influence of Bz-ch loro-substituents. — The 
researches now’ extended to the ils- chlorinated 

9- alkyIanthracenes, wdiere the effects of the a- 
chlorines were already known to be powerful. 
9'Methyl-l:5-dichloroanthraccne gives a rnono- 
bromo- compound in which the bromine is 
attached to the methyl group and not to the 10- 
carbon. This would be expected, because the 

10- hydrogen is already to some extent protected 
by co-ordination with the 5-chlorine atom, 
according to previous knowledge. The bromine 
of the bromomethyl group is very active. 
It yields 9-alkoxy methyl-derivatives by heating 
with the corresponding alcohols, and the 
acetoxymethyl compound with sodium acetate. 
It also yields a dimethylaminophenyl derivative 
with dimethylaniline, and a pyridinium salt with 
pyridine. It can have cither the methylene- 
dihydroanthracene (I) or the bromomethylanthra- 
cene structure (Jl), but the former would 
probably be colourless, and as the substance is a 
bright yellow, this points to (11) for the solid 
form. 




11 . 


However, in its reactions it is shown to behave 
as two different substances. The acetoxy- 
compound above, m.p. 149°, can be hydrolysed 
to a hydroxy-compound, m.p. 139°, which 


regenerates the same acetoxy- compound with 
acetic anhydride in pyridine. But if the bromo- 
corapound is delicately hydrolysed with aqueous 
acetone and calcium carbonate, a hydroxy- 
compound is obtained, melting at 133-134°, 
unchanged by recrystallisation, and depressing 
the melting point of its isomer, showing that it 
is different in structure. On the other hand, 
by acetylation the same acetyl compound, m.p. 
149°, is regenerated. The two hydroxyl de- 
rivatives also regenerate the bromo- compound 
with hydrobromie acid, but they give with 
phenyl isocy&nate two different phenylurethanes, 
one melting at 179° (from the hydrolysed 
acetate), and the other at 193° (from the 
hydrolysed bromo-compound). The latter is 
colourless, the former yellow. Consequently 
the tautomerism of the bromo-compound 
(1 ^ 11) is established, and it seems most likely 
that the (‘olourless compounds possess structure 
(I) and the yellow’ compounds structure (11). 

l:5-Dichloro-9-cthylanthracene givcss a similar 
series of derivatives, the presence of the chlorine 
atoms enabling the a-carbon to bo brominated. 

Cook had already show n that 9-benzylanthra- 
cene resembled 9-cthylanthraceno in giving the 
10- bromo-compound by bromination,'*^^*^'’ hut 
again, with l:5-dichloro-9-benzyianthraceno the 
behaviour is different. Hero again two series, 
of yellow and colourless compounds, are ob- 
tained, whi(*Ji clearly could be defined as before 
by the tautomerism (I ^ 11). 



PhCH 


PhCHX 




II. 

X-Br, OH, OAcyl, OAlk, NH. CsH,, 
N[CH,]y 

When the transformations of the monobromo- 
compounds to the derivatives are kept neutral 
by calcium carbonate, except where sodium 
acetate is used for a short heating in acetic acid, 
the resulting derivatives are colourless, but all 
of them are easily changed over to the yellow 
varieties by careful treatment with acids ; both 
the yellow and the colourless hydroxy- com- 
pounds give the same original bromo-compound 
with hydrobromie acid. Ip the case of the 9- 
methylanthracenes and the corresponding 1:6- 
dichloro - derivatives, an isomerisation un- 
doubtedly takes place first, although the 
hydroxy-compounds give the same aoetbxy- 
derivative. Thus formulas (I-II) would demand 
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the transannular migration of the group X. 
Barnett was at first inclined to regard this as 
unlikely, and thus was led to propose an endo- 
cyolic structure for the colourless compounds 
(III), recalling earlier suggestions for anthracene 
derivatives and the un- 

doubted endocyclic types later discovered by 
addition of maleic and other acids to anthracene, 
where, however, the endocyclic ring contains 


one more carbon. The alternative view of 

Cook 2®*' 248 correct 

interpretation, and that the facile change of a 
derivative of type (I) to one of type (II) could 
occur by fission of the group X, and its addition 
in the new position. Cook considered that the 
bromine in Barnett’s proposed endocyclic type 
(III) would be less active than is the case, the 
constitution thus being rendered unlikely. 


Cook. 


PhCH 




PhCH 



I 

H X 


Colourbss series. 
(Cbok.) 


PhCHX Cl 



Yellow scries. 


-HBr 

( 9 : 10 )' 


H Cl 



Cl H 

Colourless series. 


( Barnett). 


PhCHBr 



Free radical. 

PhCX 



PhCX Cl 



The proof of the correctness of the second view, 
and that alkoxy-groups could indeed migrate 
across the ring, came later.^*®- 26i Thus if the 
endocyclic structure is correct, l-chloro-9-(I) 
and l-chloro-lO-benzylanthracene (II) should 
yield the same brorao-compound. 

Cook showed that (I) and (II) behaved 
quite differently on bromination, the former 
giving mostly the 10-bromobenzylidene type, 
which could be converted to both colourless and 
yellow types of derivatives ; the latter yields a 
bromo-oompound which gives only yellow-type 
derivatives. In this case the movement of 
groups into the 9-position is probably hindered 
by the 1 -chlorine atom, and the a>-bromo- 
compound is the stable form in this case, just as 



H Cl 
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in the former the 1 -chlorine atom renders the 
lO-broraobonzylidene type the stable tautomer. 
The proof of the migration of O -alkyl groups 
was supplied by Barnett and Cook {lx.). 
Thus, colourless l:5:dichloro-9-hydroxy-10- 
methoxy - 10 -phenyl-9 - methyl - 9: 1 0 - dihydro - 
anthracene (in wliich no free hydrogen atoms are 
present to complicate the isomerisation), on 
treatment with methyl-alcoholic hydrochloric 
acid, is converted into a greenish -yellow 
fluorescent substance, l;5-dichloro-9-(methoxy- 
methyl)-10-phenylanlhracene, 154°. 



R-Me. Et. 


This proves that the O -alkyl group can wander 
from the 10- to the w- methyl posiition. If 
ethyl-alcoholic hydrochloric acid is used, the 
migrating group becomes ethoxyrnethyl. 

The accepted isomerisation is therefore ex- 
pressed in the scheme : 


RCH 



RCHY Cl 



Yellow. 


actions of the a-phonylalkyl systems investi- 
gated by Burton,®^* 

PhCHR CHrCHj^ PhCHrCH CHjR, 

where the mobility of the anion R 

(Br>OAc>OH,OR) 

follows exactly the same order as in the com- 
pounds here discussed. Further, the ionic 
hypothesis is supported by the fact that the 
presence of hydrogen ions favours migration of 
hydroxy groups (as in the experiment just dis- 
cussed), i.e. (I II) {e.g.^ conversion of colourless 
hydroxy-compounds to the yellow form by 
mineral acid), while hydroxyl ions favour the 
movement of hydrogen (as, for instance, in all 
an throne anthranol conversions) exemplified 
by Cook’s experiment in which IrS-dichloro- 
lO-hydroxy-9-benzylideno - 9:10 - dihydroanthra - 
cene (I) is converted by boiling caustic soda 
solution into l:5-dichloro-10-benzylanthranol 

(IIl)- 


PhCHOH PhCH 



III. 


Cook has advocated the theory that ionic dis- 
sociation in solution occurs prior to any trans- 
formation, and points out analogies to the 
simplest three-carbon systems investigated by 
other workers, such, for instance, as the re- 


Barnett points out that the same effects 
could 1)0 produced by hypothetical addition of 
the elements of water across the 9:10-po8ition8, 
followed by splitting off water from the <i>- and 
adjacent positions, or vice versa : 


Me 

HO Me 

CHg 


1 


II 


9: 10-addition X 1 X 

c 


O'.ctf-fission 





k 

Ph H 




Yellow )- Colourless 



PhCH 

H PhCHOH 

PhCHOH 


II 


1 

9:a>-addition 

X X 


^ 1 9: 10-fission 






H OH 


1 

H 


Colourless 


. — ► Yellow 
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Extending the investigation to l:4-diohloro-9- 
benzylantluracene,®®®* Barnett found similar 
results, bromination giving a stable 10-bromo- 
derivative of the benzylidene stnicturej which 
jrields colourless derivatives under neutral con- 
ditions, and a yellow acetoxy-derivative in 
acetic acid ; the colourless derivatives are 
changed to the yellow by mineral acid under 
mild conditions. 

Meanwhile it was shown that the chlorine 
atom in jj-chlorobenzylanthracene is not suffi- 
cient to create the necessary mobility, as the 


monobromo-derivative is unreactive,®®*® and in 
l:6-dichloro-9-2>-chlorobenzylanthracene the be- 
haviour was identical with that of l:5-dichloro- 
9-benzylanthracene, so that the j>-chlorine atom 
has no influence at all. 

The case of the 1:8- and 4;5-dichloroanthrone8 
and their alkyl derivatives is interesting, as it 
is complicated by the effects of the a-ohlorines 
on hydrogens in the adjacent me^o-positions. 
This effect in one of the cases to be considered is 
enough to prevent transannular loss of water 
in the carbinols arising from Grignard reactions 



on the alkylanthrones, and instead, water- 
splitting occurs from the 9-hydrogen atom and 
the a-hydrogen of the alkyl group on the same 
position. 

The two anthrones mentioned were first 
alkylated by means of caustic potash and benzyl 
chloride to the 10-benzylanthrones (I, 111), 
and the latter treated either with magnesium 
methyl iodide or with magnesium benzyl 
chloride. This resulted in the two dihydro 
anthranols (II) and (IV) (R = H, Ph). 

In the case of (IV), the 4- or 5-chlorine atom 
immobilises the 10-hydrogen, and water is thus 
split from the only other available position, viz. 
the 9- a-hydrogen, giving the alkylidene deriva- 
tive (VI), which is identified by its oxidation to 
|he original anthrone (III). In the other case, 
transannular loss of water occurs because a 
yellow fluorescent solution is obtained when the 
usual dehydrating agent, acetic-hydrochloric 
acid, is used, but this very quickly tautomerises 
to an alkylidene derivative also, identified by 
its oxidation to the same anthrone, (III). The 
fact that the alkylidene form is the stable one 
in this case is probably also a co-ordination 
effect, as the 1- or 8-chlorine atom, by im- 
mobilising the hydrogen on the 9-position, can 
greatly hasten the conversion of the dialkyl- 
anthraoene tantomer to the alkylidene-alkyldi- 
hydroanthracene. *® ** 

Barnett found that the two very closely 
related substances (III) and (VI), obtained by 
the synthesis shown below tern I:5-dichloro- 
anthrone, showed little or no tendency for 
tautomedo oha/^e on long heating with acetic- 
hydroohlorio aoi4 


This is again probably due to the 5-chlorine 
atom so immobilising the 10-hydrogen that the 
alkylidene forms shown are stable.*®*® 


HO CHjPh 

/ \ / \ 

H CHjCeHiCI-p H CHjC.H.CI-i) 


I. 


II. 


CHPh 


X X 

/ \ 

H CHjC.HjCI-i) 
III. 

HO CH,C,H,CI-|) 

N .. 

>c 

H CHjPh 


X X 

H 




Ph 


IV. 

CHCeH^CI-p 

II ' 

H CHjPh 
VI. 


X-CeHjCI-» 
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The co-ordination effects so clearly demon- 
strated in the derivatives of 4:5- and 1:8- 
dichloroanthrones were carefully developed in 
as complete a manner as possible by Barnett and 
his school. One method was by examining the 
behaviour of the unstable bromine addition 


RCHo Br CHgR 

Cl I Cl Cl X,/ Cl 



products of l:8-dichloro- and 4:5-dichloro-9- 
alkylanthracones. Thus the l:8-8eries give as 
the stable product the lO-bromo-9-alkylidene- 
9: 10- dihydroanthracenes (I), while the 4:5-8erics 
give the O-cu-bromoalkylanthracones (II) : 



I. 


RCH RCHBr 



The bromine atom is in each case repelled as 
far as possible from the a- chlorines, and the 
latter binds either the a-hydrogen in the alkyl 
group in (1), or the 10-hydrogen in (II). The 
wandering of a bromine atom in the latter case 
is a remarkable phenomenon; it was already 
noted in the similar case of l-chloro-9-benzyl- 
anthracene, investigated by Cook, in which case, 
however, both forms are isolated and there is 
no tendency for in tercon version, probably 
bc^cause of the geometrical configuration of the 
dibromide. 



The bromines in both (I) and (II) are reactive 
and can be replaced in the usual ways, the 
derivatives of (I) being colourless and those of 
(II) yellow and fluorescent, but the substituent 


groups are not mobile, as they are stable to long 
heating with acetic-hydrochloric acid. 

Further illustrations f)f the influence of the 
a-chlorines follow. 

Whereas 1 0-hydroxy anthrone enolises im- 
mediately to anthrahydroquinone, even on 
heating with water, this is scarcely affected 
by (‘hJorine at 1- or 8-positions, or both, but 
profoundly hindered by chlorine at 4- or 5- 
positions, or both. 10-Phenylanthrone, when no 
co-ordinating chlorine is present, behaves 
normally, enolising and giving an acetate ; on 
treatment with Grignard reagents it gives di- 
hydroanthranols, which suffer transannular 

dehydration to alkylphenylanthracenes.^o^. 24i 

With two chlorine atoms in positions 1 and 8, 
similar properties are exhibited, resulting in 
formation of l:8-dichloro-9-benzyl- 10-phenyl- 
anthracene or the like. 



The isomeric 4:5-dichloro-10-phenylanthrone, 
however, behaves very differently. It gives no 
acetate, and the dfliydroanthranol obtained 
from it with magnesium benzyl chloride de- 
hydrates in the 9:a)-positions to give 4;5- 
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dichloro - 9 - benzylidene - 10 - phonyl-9:l0 - di - 
hydroanthracene. 



With single chlorine atoms present, the l- 
chloro-lO-phcnylanthrone is not affected, and 
eventually gives by the above normal pro- 
(^eduro 1 -chloro-9-benzyl- lO-phenylanthracene. 
The isomeric 4-chloro-lO-phenylanthrone is a 
co-ordinated compound, and therefore can yield 
the 4-chloro-9-bcnzylidcne-lO-phen3danthracene 
i>y 9 -CO -dehydration of the dihydroanthranol, 
but owing to the unsaturated nature of the 10- 
phenyl grouping adjacent to the co-ordinate 
link, it is also sufficiently neutralised to make 
possible the anthracene bridge-bond formation 
by transannular dehydration, so that both forms 
are here obtained, and the case is similar to 
that of l:5-dichloro-10-phenylanthrone.2‘*i 

l:8-Dichloroanthrone, by condensation with 
benzyl chloride, yields only a monobenzyl 
derivative. Although in the present discussion 
no grounds exist for the hope, it was thought 
that lO-o-chlorobenzylaiithrone might be all 
that would be produced from unthrone and o- 
chlorobenzyl chloride, thus showing a co- 
ordination link due to chlorine ortho to the 
benzyl group. Strangely enough, the reagent 
yields 1:8 - dichloro - 10:10 - di - o - chlorobcnzyl- 
anthrone, and the matter was not further 
pursued.*®®® 

l:5-Dichloroanthrone gives only a mono- 
o-chlorobcnzyl derivative, l:5-dichloro-10-o- 
^chlorobenzylanthrone, but it is impossible from 
the properties of this substance to reach a 
definite conclusion that the 5-chlorine prevents 
the reaction of the second molecule of benzyl 
chloride. The compound does not acetylate by 
the usual pyridine-acetic anhydride method, 
even on refluxing, but the reaction proceeds by 
addition of alcohol. From the red colour pro- 
duced by alkali, it is suspected that the 10- 
hydrogen is reactive in an unexpected way, 
both in l:6-dichloro-10-benzylanthrone and in 
l:6-dichloro- lO-p-chlorobenzylanthrone.*®*'"’ 

4:5-Dichloroanthrone gives also a mono-o- 
chlorobenzylanthrone which, as expected, gave 
no coloration with alcoholic alkali and could 
not be acetylated, 1:8 - Dichloro - and 4:6- 
dichloro-lO-alkoxyanthrones are readily pre- 
pared by heating the corresponding bromo- 
anthrones with an alcohol in presence of calcium 
carbonate. Both enolise in cold alcoholic alkali. 


I and both acetylate easily, the reaction being 
more rapid with the l:8-dichloro. compound. 

I This is clearly due to the unsaturated character 
of the alkoxy-group lowering the potency of the 
co-ordinate link between the we«o-hydrogen and 
the 4- or 5- chlorine atom.*®®" 

Bz-Chloro-lO-nitroanthrones arc readily pre- 
pared by treating the corresponding anthranyl 
acetates with nitric acid in aceti(' acid solu- 
tion.*®®" By treating the B^-chloro-lO-nitro- 
anthroncs with pyridine-acetic anhydride at 
ordinary temperature, the 10-nit roan thranyl 
acetates are obtained rapidly, provided no 
chlorine is present in the 4- or 5- positions. 
Thus acetates arc readily prepared from 10- 
nitroanthronc itself*®®" and from 1-, 2- and 
3-chloro-lO-nitroan thrones, but not from 4- 
chloro-, or 1:5- or 4;5-dichloro-10-nitroan thrones. 
The last compound, w'hich is unchanged in 
17 hours at ordinary temperature, gives an 
unexpected result ; all the other nitroanthroncs 
examined until now suffer extensive decompo- 
sition wdth pyridine, and acetylation in presence 
of this reagent is feasible oidy because the 
reaction is rapid and usually complete in three 
minutes. No acetate was obtained from 1:8- 
dichloro-lO-nitroan throne in spite of the absence 
of chlorine in 4- or 5- positions, which means that 
no co-ordinate link can be formed. Possibly 
steric. hindrance is responsible, the l:8-chlorines 
protecting the 9-hydroxyl so that the decom- 
position by pyridine is the main reaction. 

Influence of Bz-Methyl Substituents. — 
It was not exjKHted that a -methyl groups would 
have a similar influences to a- chlorine atoms in 
promoting co-oidination effects. How^ever, 10- 
hromo-]:4-dimethylanthronc easily yields a 10- 
methoxy-compound,^®® and reat'ts with bases 
(piperidine, aniline, methyjaniline, and dimethyl- 
aniline) w'ith formation of nitrogenous deriva- 
tives.^®®’ *®® 

The lO-bromo-compourid easily undergoes a 
Friedel-Oafts reaction with benzene, and the 
resulting l:4-dimethyl-10-phenylanthrone gives, 
by a Grignard reaction with magnesium methyl 
iodide or magnesium benzyl chloride, dihydro- 
anthranols (not isolated), whii’h by cataljdic 
reaction of hydrogen ions do not suffer trans- 
annular dehydration, but alkylidene formation 
occurs, giving colourless, non-fliiorescent com- 
pounds, identified by oxidation back to 1:4- 
dimethyl- lO-phenylanthrone. 

The Ibrniation of an alkylidene compound is 
not possible when the methyl or benzyl group 
is replaced by phenyl ; water is then split off by 
the normal transarlnular method, and the 9:10- 
diplienyl-l;4-dimethylanthracene results. Fur- 
ther, 9- benzylidene- 1 0-phcnyl- 1 :4-dimethyl-9: 10- 
dihydroanthracone, on heating with acetic- 
hydrochloric acid, gives a yellow, strongly 
fluorescent substance, but this was not obtained 
in good crystalline form. 

The l:4-dimethyl-9-alkyIanthracene8 (alkyl 
— methyl, phenyl) are obtained in the usual way 
from 1 :4-dimethylanthrone. The 1 :4-dimethyl- 
9-benzylanthracene gives a monobromo-com- 
pound which affords colourless, non-fluorescent 
compounds with piperidine and with methyl and 
ethyl alcohols. The latter tautomerise in acid 
solution to yellow fluorescent substances which 
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do not crystallise in a pure form, but on 
analogy with the 1:6- and l:4-dichloro-com- 
pounds have the structure 

9-<u-alkoxy benzyl- 1 :4-dimethylanthracene. 

PhCH PhCH 




PhCH 



Von Braun and Bayer *** reported failure to 
acotylate l:4-dimethylanthrone, but the pyri- 
dine-acetic anhydride method readily succeeds, 
although the corresponding l:4-dimethyl-10- 
phenyl^thranyl acetate could not be formed 
even on long heating, so that here the methyl 
groups give rise to even greater resistance than 
chlorines in the same positions.^*®" 

1;4-Dimethylanthracene, obtained by re- 
ducing l:4-dimethylanthrone to the dihydro- 
anthranol with zinc and ammonia, and then 
dehydrating by the usual method, adds on 
bromine giving an unstable dibromide. This 
dibromide at ordinary temperature splits off 
hydrogen bromide slowly, and by heating in 
benzene, loses both bromine and hydrogen 
bromide, thus resembling the unstable anthrone 
dibromide more than the unstable dibromides 
of 1:4- and l:6-dichloroanthracenes.^®® 

It is clear from the above that in spite of the 
impossibility of a co-ordinate pcn-Unk being 
formed in derivatives of l:4-dimethylanthracene, 
the latter resemble the 1:4-, 1:5-, and 4:6- 
dichloroanthracenes, whereas l:5-diphenoxy- 
anthracene 2®** derivatives are more similar to 
anthracenes themselves. 

Methyl groups in the /3-positions exert effects 
also. 2:3-Dimethylanthrone reacts normally 
with Grignard reagents (methyl, benzyl), and the 
dihydroanthranols, without isolation, give by 
the usual methods 2:3:9-trimethyl- and 2:3- 
dimethyl - 9 - benzylanthracene.*®®® The latter 
readily gives a mono bromo- compound, 10- 
bromo • 2:3 - dimethyl - 9 - benzylanthracene, in 
which the bromine is not reactive. In this, 2:3- 
dimethyl-9-benzylanthracene differs from 1:4- 
dimethyl-9-benzylanthracene, for the latter 
gives the benzylidene-dihydroanthracene form. 

10-Bromo-2:3-dimethylanthrone shows dis- 
tinct, though slight, resemblance to the a- 
derivatives (Barnetts “ a-properties ”). It re- 
acts with piperidine, aniline, and dimethylaniline 
giving nitrogen derivatives (c/. and ^though 
it resembles 10-bromoan throne in that on long 
heating with methyl alcohol it gives impure and 
feebly soluble substances, it gives the pure 


methoxy-derivative on 15 minutes heating, a 
length of time which even with an anthrone 
having real “ a-properties ” would be wholly 
insufficient, and with lO-bromoanthrone almost 
excessively long. 

Further, 10-bromo-2:3-dimethylanthrone re- 
acts with benzene by the Friedel-Crafts reaction, 
giving 2:3-dimethyl-10-phenylanthrone, which 
is easily acetylated and methylated and thus 
resembles phenylanthrone more than 1:6- 
dichloro-lO-phenylanthrone,®*®® 4:6-dichloro-10- 
phenylanthrone,®®®" or l:4-dimethyl-10-phenyl- 
anthrone.*®* 

Grignard reagents (methyl, benzyl) react with 
10-phenyl-2:3-dimethylanthrone and the pro- 
ducts yield anthracenes by dehydration, whereas 
the l:4-dimethyl-10-phenylanthrone, discussed 
above, gives only the alkylidene-dihydroanthra- 
cene. 2:3-Dimethylanthracene also is sharply 
distinguished from l:4-dimethylanthraoene in 
its behaviour on bromination. It readily reacts 
with two molecules of bromine, and on standing 
at ordinary temperature 5 deld 8 rapidly the 9:10- 
dibromo - derivative, whereas 1:4 - dimethyl- 
anthracene does not give a trace of bromination 
product with two molecules of bromine in 
carbon disulphide in 24 hours at ordinary 
temperature. 

lO-Bromo-2- and 3-methylanthrones were 
similarly investigated.*®®* Here, although both 
react with dimethylaniline to give dimethyl- 
aminophenyl derivatives, only the first gives a 
piperidine derivative, as lO-bromo-3-methyl- 
anthrone with the latter yields 10-bromo-3:3'- 
dimethyldianthrone, thus resembling 10-bromo- 
anthrone very closely ; the product splits off 
bromine and not hydrogen bromide, yielding 
dian throne.^®® 

1:3- and 2:4-Dimethylanthrone8 were similarly 
studied. As it has been found that the 2-methyl 
and 3 -methyl groups had only a slight influence 
on the properties of 10-bromoanthrone, this was 
expected to show which of the methyl groups in 
l:4-dimethylanthrone had the most influence on, 
its properties.*®’ 

Both 1:3- and 2:4-dimethylanthrone8 reacted 
with benzyl magnesium chloride to give di- 
hydroanthranols (I), dehydrated easily to the 
dimethyl benzylanthracenes (II, III). 


HO CHaPh 

>< 

C-H, CeHaMea 

/ \ 

H H 


I. 
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PhCH- I no trace of the anthrone (X). Hence the other 



III. 

Both of these hydrocarbons give inoiiobmmo* 
derivatives with very reactive bromine atoms, 
which must be eitlier (IV) or (V), or a tautomeric 
mixture of the two. 


PhCH 

II 

PhCHBr 

1 

1 

^6^4 CQH2Me2 


H Br 


IV. 

V. 

10 - Bromo - 1:3 - dimeth 3 d - 9-benzylanthracene, 
(IV) or (V), with methyl alcohol and calcium 
carbonate, gives a mcthoxy-compound, colour- 
less and free of fluorescence, hence of structure 
(VJ). Its solutions in methanol show slight 


fluorescence, wlxich becomes intense on heating 
with a trace of hydrochloric acid, but the new 
compound could not be obtained crystalline, 
and probably consists of the cu-methoxy-coin- 
pound (VII). 

PhCH 



H OMe 

VI. 


PhCH(OMe) 

1 Me 



H Me 
VIII. 


The bromo-compound from 2:4*dimethyl-9- 
benzylanthracene gave, by methanol treatment 
with or without calcium carbonate, a pale 
yellow, strongly fluorescent methoxy-compound 
(VIII), which is actually very stable to long 
hhating with aoetio-hydrochlorio acid, and gives 


very unlikely possibility, 2:4-dimethyl-9-benzyl- 
10-methoxyanthracene, is ruled out (IX -> X). 


PhCHa 



OMe 

IX. 



II Me 

O 

X. 


The very different behaviour of the two bromo- 
compounds towards methanol can be explained 
on structural grounds, and must be ascribed to 
the ease with which the methoxy -group wanders 
in the one case (l:3-dimethyl) and not in the 
other (2:4-dimethyl). 

Further research revealed a range of alkoxy- 
corapounds with better crystallisation properties. 
1:3- and 2: 4-Dimethy Ian thrones brominate 
readily. Both bromoanthrones readily react 
with aniline, dimethylaniline, and piperidine, 
giving compounds of the usual type. In this 
behaviour they differ from lO-bromoanthrone,^®® 
as do all the jSz-methyl-m,?- bromoanthrones so 
far prepared. The 1 -methyl group in lO-bromo- 
l:3-dimethylanthrone enables a piperidine com- 
pound to be formed, in contrast to lO-bromo-3- 
methylanthrone, which gives bromodianthrone. 
Both the above piperidine derivatives were 
enolised with alcoholic alkali ; they resemble 
2;3-dimethyl compounds in this 2®®* and differ 
from the l:4-dimethyl compounds, which with 
boiling alcoholic alkali, alone or with piperidine, 
are not enolised.*®® 

Both bromoantlirones react very smoothly 
with methanol in presence of calcium carbonate 
and give the methoxy an thrones, resembling the 
10-bromo-l:4- and 2:3-dimethylanthrones in this 
respect. As expected, both methoxyanthrones 
readily give the corresponding anthranyl ace- 
tates with pyridine and acetic anhydride. 

The Friedel-Crafts reaction with benzene on 
the two bromoanthrones gives the corresponding 
phenylanthrones, with the qualification that the 
2:4-dimethyl-compound reacts smoothly with 
little tar formation, while the l:3>compound 
gives much tar, and the yield of pure phenyl- 
anthrone does not exceed 16%. It is seen that 
10 - bromo - 1:3 - dimethylanthrone resembles 
bromoanthrone, while 10-bromo-2:4-dimethyl- 
anthrone is akin to the 1;4- and 2:3-dim6thyl- 
and most of the a-chloro-ww-bromoanthrones 
discussed earlier. In addition 1:3- and 2:4- 
dimethyl-lO-phenylanthrones readily give the 
anthranyl acetates, thus resembling the 2:3- 
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dimethyl-, and differing from the 1 :4-dimethyl- 6:8-Di(‘hloro-l;4-dimethylanthrone has an 
10-phenylanthrone. aggregation oi' a-siibstituonts, but these do iiot 

2:4- Dimethyl- iO-phonylanthrone yields a well- prevent enolisation, as it gives a red colour with 
defined cTystalline hydrocarbon by Friedel- alcoholic alkali and easily gives the acetate, 
Crafts reaction with benzyl magnesium chloride which is only feebly fluorescent. It is reduced 
and dehydration of the dihydroanthranol. It with zinc and caustic potash to the anthracene, 
is yellow and fluorescent and hence is the Ix^nzyl- which is more sluggish in its reaction with 
phenyldimethylanthrace'ne and not a benzyli- bromine than l: 4 -dichloroan throne,^®’ but forms 
dene compound. The corresponding l:3-dimethyl a stable dibrornidc. The bromination of the 
compound fails to crystallise, but is intensely anthrone gives the normal lO-bromoanthrone, 
fluorescent and hence is j)robably also of the which can be converted to the piperidine-, 
anthracene form. Similar results are obtained phenyl-, and methoxy-an throne by the usual 
with methyl magnesium iodide, giving the methods. 

1:3:9- and 2:4:9-trimethyl- 10-phenyl anthracenes. The strong restraining influence of the sub- 
Thus most of the abnormalities found in the stitnents on the ?aet'<o-hydrogen atom is very 
1 :4-dimethyl series are absent in both 1:3- and marked in these eompemnds. Boiling for 3 
2:4-dimethyl series ; the investigation of the 2- hours with pyridine-acctic anhydride loaves 
and 3-methyl- and the 2:3-dimethyl-compounds them unchanged, and none gives any colour 
makes it very improbable that there is any on heating alone with i)yridine. The dift’erence 
restraining influence due to a methyl group in is parlicularly noted in the 10-phenyl deriva- 
the jS-position. tives, as 1 :4-(lichloro-l()-phenylanthrono gives a 

Influence of Bz-Chloro- and Methyl Sub- red colour in these conditions and readily forms 
stituents. — A comparison of 2:3-dichloro-10- an acetate, whereas l:4-dimethylanthrone gives 
bromoanthrone with 2:3-dinu)thyl-10-bromo- an orange colour but is not acetylated.®^’’* 
anthrone confirms the slighter effect of chlorine 5:8 - Dichloro - 1:4 - dimethylanthrone reacts 
atoms compared with methyl groups. Thus especially easily with benzyl chloride and 
the dimethyl compound readily yields the di- caustic potash, giving the 10-benzyl compound, 
methylaminophenylanthrone and the piperidino- which, as expected, shows no tendency to enoliso. 
anthrone, while the dichloro-, although it gives The investigations were (completed by the 
a dimethylaminophenylanthroiu% yiekis di- examination of 2:4- and l:3-dichloroanthrone, 
anthraquinone by the a< tion of piperidine.®’® 2:3:fi:7-t<‘trachloranthrene, G;7-dichloro-2:3-di- 
The 2-ehloro- and 2:3-dichloro-10-dimcthyl- meiliylauthrone, and 2:3:G:7 - tetramethyl- 
aminophenylanthrones both have deep green anthrone, but the yield of the tetrachloro- 
solutions in hot indifferent solvcuits, the colour derivative by I’cduction of the corresponding 
being discharged on cooling ; this efl'ect is anthraipiinone was so small as practically to 
absent in the 3-chloro-derivative. TJie effect, exiJude it from the investigation.®” 
usually attributed to presence of dianthra- The 2:4- and l-.S-diihloroanthroncs both give 
quinones, is not due to that cause here, as it is lO-bromo-cornpoimds, which yield the anilido- 
undiminished in low-boiling solvents in which derivatives with aniline, but are distinct in their 
dianthraquinone is insoluble. behaviour with piperidine. Whereas the 2:4- 

2:3-Dichloro-10-bromoanthrone gives by the dichloro- 10- bromoanthrone gives a well-defined 
usual method 2:3-dichloro-10-phenylanthrone, piperidino - derivative, the 1:3 - dichloro - 10 - 
which easily acetylates to the O-anthranyl bromoanthrone easily yields the corresponding 
acetate. In contrast to the corresponding 1:4- bromo-dianthryl.^**® 

and l:5-dichloro-derivatives, all give the* The 4-(‘hlorine atom also shows its influence 
anthranyl acetates 2®®“ and none give anthranyl on the behaviour to benzene in the Friedel- 
methyl ethers. 1:4 - Dimethyl - 10 - phenyl - Crafts reaction: the 2:4-readily gives 2:4- 
anthrone, how'ever, cannot be acetylated ®®® dichloro- 10-phenyl-anthrone, while the 1:3- 
the greater effect of the methyl group thus being gives only tarry products. In the benzyl 
shown. Both 1:4- and l:5-dichloro- 10-phenyl- chloride alkylation with caustic potash, the 
anthrones give benzylidene compounds with l:3-dichloroanthrone gives a dibenzyl compound 
benzyl magnesium chloride and subsequent de- in good yield, thus resembling anthrone itself ; 
hydration. the 2:4- compound only gives tarry products. 

2:3-Dichloroanthrone, by alkylation with By the Grignard method with benzyl mag- 

benzyl chloride and alkali, gives an excellent nesium chloride and dehydration of the dihydro- 
yield of the lO-benzylanthranyl-9-benzyl ether, anthranols, both dichlorobenzylanthracenes are 
and is thus distinguished from 2-chloro- and obtained. These, by bromination, yield bromo- 
3 - ehloro - anthrones, which give dibenzylan- derivatives with reactive bromine atoms, which 
thi'ones,®®® and 1:4- and l;5-dichloroanthrone8, probably consist of a tautomeric mixture of 
which give monobenzylanthrones.®^®' the usual type.®®®' ®®^’ ®®®®’ ®®’ The amount of 

The formation of a benzyl ether was not the two tautomers present in the two cases 
observed in any other case, although such com- is probably very different, for the l:3-dichloro- 
pounds might be present in the usual tarry by- compound gives a colourless (I), whereas the 
products obtained in such reactions. 2:4-dichloro- gives a yellow piperidine deriva- 

2-Methoxy- and 3-methoxy-anthrone give the live (ll). 
lO-bromo-derivatives, which yield dimethyl- The nitroanthrones obtainted by nitration of 

aminophenylanthrones ; neither gives piperidine the anthranyl acetates obey the rule that a nitro- 
compounds, but some 2-methoxyanthraquinone anthrone dissolved in pyridine can only be 
and 3:3'-dimethoxydianthraquinone are isolated acetylated when no chlorine atom is present in 
in the respective cases. the position peri to the nitro-group; 
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6:7-Dichloro-2:3-dimethylanthrone, by the 
Grignard reaction with benzyl niagnesiiim 
chloride and dehydration, easily gives 6:7-di- 
chloro-9-benzyl-2:3-dimethylanthracene, which 
is readily brominated to a yellow fluorescent 
monobromo-derivative, and is therefore 6:7- 
dichloro - 10 - bromo - 9 - bcnzyl-2:3-dimethylan- 
thracene. 

PhCH PhCH-NC^Hjo 



Remembering that 2:3-dimothylanthron(; with 
benzyl chloride and caustic! potash gives the 
10: 10-dibenzyl derivative, whereas 2:3-di- 
chloroan throne gives the benzylanthranol benzyl 
ether,^^^* it is found that both such reactions can 
occur with 6:7-dichloro-2:3-dimethylanthronc, 
and both have been described. 

2:3:6:7-Tetramethylanthrone (the source of 
this is the corresponding tetramethylanthra- 
quinone of Morgan and Coulsori),^’^ gives no 
acetate by the usual method (pyridine -acetic! 
anhydride), according to these authors, but it is 
found that when the anthrone is })rc!pared by 
aluminium reduction of the tetramethylanthra- 
quinone, it gives a normal ac'etate. Benzyl chloride 
and alkali give the 10: 10-dibenzyl derivative; 
benzyl magnesium chloride and dehydration give 
2:3:6:7-tctraracthyl-9-benzyl anthracene which 
yields a fluorescent lO-monobromo-derivative, 
the bromine being unreactivc. 

Of the sixteen derivatives of O-benz^danthra- 
cene, containing one or more methyl groups or 
chlorine atoms, investigated by Barnett and his 
school, there are only six which, like 9-benzyl- 
anthracene, give on bromination a normal 10- 
bromo-compound as a single substance. These 
have no substituent in any a-position. The 
other ten derivatives give bromo-compounds 
with reactive bromine atoms, although 1-c‘hloro- 
9-benzylanthracene gives at the same time 1- 
chloro - 10 - bromo - 9 - benzylanthracene. The 
structure of the bromination product of a ms- 
benzylanthracene seems to depend on the posi- 
tion of the substituents in the side rings, a- 
substituents, whether in the |?crr -position to the 
benzyl group or to the w^-hydrogon, leading to 
compounds with active bromine atoms. 

Rz-METHYLANTHRACENES. 

The Rz-methyl anthracenes can be prepared 
by six methods. These are as follows : 

1. Friedel-Crafts reactions between homo- 

logues of benzene and halogenated 

paraffins, e.g., methylene chloride. 

2. Dehydration by long heating of homo- 

logues of phenyl o-tolyl ketones. 

3. Pyrolysis of homologues of o- benzyl- 

toluenes. 

4. Reduction of anthraquinone homologueA 

6. Zino-distillation of homologues of o- 

benzoylbenzoic acid. ! 


6. Certain special methods, e.g., Dewar and 
Jones’s syntheses from benzene homo- 
logues with nickel tetracarbonyl and 
aluminium chloride, and Limpricht’s 
heating of benzyl chloride and water 
under pressure (Annalen, 1868, 189, 307), 
which suggested V^an Dorp’s similar 
experiments with xylyl chloride and 
water.® 

These methods arc now discussed in more 
detail. 

1 . Friedel-C rafts Syntheses . — These are mostly 
(!arried out with methylene chloride,®® chloro- 

I forrn,®^’ ®’^ tetrabromethane,^®® ethylidene chlo- 
ride ®® and some a-halogenated benzene homo- 
logues. The difficulties of the method lie in the 
orientation of the products. Their constitution 
must be checked by tedious methods, and the 
dubiety arises in two ways. Firstly, the benzene 
homologues can usually react in more than one 
way, and secondly, there is ample evidence that 
aluminium chloride in practice favours the 
migration of methyl or other groups, often in 
iinforeseen ways. Examples are those described 
by i^avaux,^®® who, from di-p-tolylmethane and 
methylene chloride, which can only react to- 
gether in one way, obtained a mixture of two 
dimethylantliracenes, instead of pure 2:7- 
dirncthylanthrac ene. The migration of a methyl 
group is the only possible explanation. This 
occurs in nearly every case where aluminium 
chloride is used. 

2. Dehydration of Pheyiyl o -Toly I Ketones . — 
Although the constitutions of the starting 
materials in this method are known, the tempera- 
tures used arc so high that methyl migration is 
probable ; consequently the orientation of the 
product must always be established indepen- 
dently, and tliis is a difficult problem.®®- 

Pyrolysis of o-Benzyltoluenes . — Pyrolysis of 
many naturally occurring aromatic substances 
{e.g. di-p-tolylmethane and bcnzylmesityleno) 
yields not anthracenes but methylanthracenes. 
The method suffers from the high temperature 
employed, which gives rise to splitting out and 
migration of groups. 

4. lied action of Anthraquinones . — Zinc distil- 
lation utibses high temperatures, and methyl 
groups are sometimes split off, so that mix- 
tures are obtained containing anthracene. Thus 
Birukoff®® obtained only impure 1 -methyl- 
anthracene by zinc distillation of l-mothyl-4- 
hydroxyanthraquinone, the product containing 
anthracene.^®® The zinc-ammonia reduction 
developed by von Perger is more satisfactory, 
and in several cases gives excellent results in this 
field. The numerous dihydroanthranola which 
are intermediate products in this reaction do not 
all readily lose water to form the anthracene 
derivatives. Elbs ®®' ®® described new reduction 
products, homologues of anthracene, which he 
considered contained a l:9-four-membered ring 
(“ anthracyclenes ”), but von Braun and 
Bayer ®®® showed that such compounds do not 
exist and that von Perger’s method converts all 
methyl- and dimethyl-anthraquinones into 
anthracene homologues. 

6. Zinc Distillation of o-Benzoylbenzoic Acids.. 
— ^The same remarks apply as in the zinc distil- 



46 


METHYLANTHRACENE AND OTHER SUBSTITUTED ANTHRACENES. 


lation of anthraquinone homologuos, but the 
method has not b^n widely developed.^® 

6. Special Methods , — The uncertainty in the 
constitution of the Friedel-Crafts condensation 
products applies here also. Limpricht described 
the first synthesis of anthracene and its homo- 
logues. Dewar and Jones’s reaction has not 
b^n completely clarified and the products are 
impure mixtures.^®® They suggest that alde- 
hydes are formed as intermediate products, yet 
the pure aldehydes do not yield anthracene 
derivatives with aluminium chloride : 



Monomethylanthracenes. 

l-Methylanthracene. — Birukoff®* and later 
C. Fischer and Sapper,^®® by zinc distillation of 

1 - methyl -4-hydroxy anthraquinone, obtained an 
impure hydrocarbon, mostly anthracene; 1- 
methyl-4-chloranthraquinone was shown to give 
better results, the methyl group being more 
stable. Then von Braun and Bayer, by 
ammonia-zinc reduction of 1-methylanthra- 
quinone obtained it in a pure condition, 
and so disposed of Elbs’ suggestion that the 
reduction product of 1 -methylanthraquinone by 
this method was a cyclic compound (“ anthra- 
cyclene ”). They also showed that the inter- 
mediate 1 -methyl-9; lO-dihydroanthranol was 
stable at 100°c. and was easily converted by dis- 
tillation to the desired l-methylanthracene. 
The m.p. of 1- methyl- anthracene is much lower 
than that of the 2-methyl (207®), in fact all 
a-methylanthracenes melt below 100°c. This 
phenomenon is also found in the naphthalene 
series (naphthalene 79®, 2-methyl- 32*5°, 1- 
methyl- —20°). 

1 -Methylanthracene in sunlight readily yields 
a dimer, reconverted to the monomer at the 
melting point ; it also yields an addition 
compound with 2:7-dinitroanthraquinono con- 
sisting of orange-red crystals, m.p. 269°.*®° 

2‘ Methylanthracene is rarely found in coal 
tar and is indeed very undesirable in 

alizarine manufacture. It is not present in low- 
temperature tar nor in turpentine tar,® but 
is obtained by zinc distillation from several 
natural products, such as chrysarobin,®** ®® 
chrysophanic acid,®®* ’ frangula emodin,’* *** 
abietic acid, or colophony.^* Zinc distillation of 

2- methylhydroxyanthraquinone8 [e.g., 2-methyl- 
quinizarin and 6-methylhystazarin ®®], ob- 
tained by the benzoylbenzoic acid route, gives 
2-methylanthracene by eliminating the hydroxyl 
groups. Jt can be obtained by pyrolysis of di-p- 
^lylmethane ® and aa - di - p - tolylethane.® 
Kraemer and Spilker pyrolysed /3-phenyl-a- 


tolylpropane (from w-xylene and styrene), 
which splits off methane and hydrogen and gives 
2-methylanthracone : 



It is obtained in small yield (with some of the 
three different dimethylanthracones) by con- 
densing toluene with methylene chloride, chloro- 
form, or tetrabromoethane, and aluminium 
chloride.^®^- It is obtained in fair 

yield by Elbs’ method of long continued 
boiling of homologues of phenyl o-tolyl ketone, 
in this case phenyl 2:5-dimethylphenyl ketone. 
Gresly obtained it from phthalic anhydride and 
toluene, which gave 4'-methylbenzophenone-2- 
carboxylic acid, which on heating with zinc was 
reduced and split off water to give 2-methyl- 
anthraquinone . ^ ® 

It is most conveniently prepared from 2- 
methylanthraquinone (from phthalic anhydride, 
toluene, and aluminium chloride, followed by 
sulphuric acid for ring closure) by zinc- 
ammonia reduction,*® but the quinone can also 
be reduced with zinc®’ or with hydriodic acid 
and phosphorus.^®® 

Whereas anthracene is reduced to dihydro- 
anthracene, 2-methylanthracene does not give a 
dihydride, and hydxiodic acid-phosphorus only 
converts the quinone to the aromatic hydro- 
carbon. 

2-Methylanthracene yields a dimer in sun- 
light.®® By oxidation with acetic— chromic acid, 
anthraquinone-2-carboxylio acid is obtained 
when excess oxidising agent is used ; with 
theoretical amounts or with nitric acid in 
alcohol solution the oxidation stops at 2- 
methylanthraquinone. It gives an addition 
compound with 2:7-dinitroanthraquinone, con- 
sisting of violet-green needles, m.p. 219°. 

Dimethylanthracenes. — Knowledge of the 
dimethylanthracenes from the point of view of 
their constitution was for long scanty. Four 
homonuclear compounds are theoretically poss- 
ible; these are known with fair certainty by 
reduction of the well-characterised dimethyl- 
anthraquinones. Of the six possible hetero- 
nuclear compounds hardly one had been oriented 
with certainty until 1929. 

The Friedel-Crafts reaction is the commonest 
method for the heteronuclear dimethylanthra- 
cenes, the melting-points of the products follow- 
ing closely those of the corresponding quinones 
(about 226°). 
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Lavaux in a series of original papers and Seer,^®* by using toluene and ethylidene 

120 » 129 . 189 , 160 *. 164 , 160 ghowed that all the chloride, in the one case, and the dehydration of 
early preparations consisted essentially of a 2:4:3'-trimethylbenzophenone in the other, 
eutectic mixture of two dimethylanthracenes obtained dimethylanthracenes of m,p. 243-244®, 
of m.p. 240® and 244-5°, with quinones of m.p. with quinones of m.p. 235-236°, which are almost 
169° and 236*5°, and a small amount of a third pure substances. Lavaux also found that di-p- 
isomer ,* this isomer was almost absent from the tolylmethane and methylene chloride gives the 
reaction product of methylene chloride and mixed hydrocarbons, although theoretically it 
toluene, and quite absent when tetrabromo- should give only a single hydrocarbon, which 
ethane and toluene were used. Anschutz®®- ®®* must be 2:7-dimethyl anthracene : 


^2:4:3'-trimethylbenzophenone-) 2;6., 1:7-, or l:5-dimethylanthracene 

Seer 2:6:3'-trimethylbenzophenoneJ (2.7 not possible) 

w-toluoylchloride v 

^ 3:6:3'-trimethylbenzophenone (cannot yield an anthracene derivative). 

Me 

+ CHjClj 2:7 (unless migration of Me occurs). 



Seer’s hydrocarbon was subsequently shown 
by Flumiani to be identical with that ob- 
tained by the action of sulphuric acid on 2:5- 
dihydroxy-3-methylbenzoio acid, the resulting 


OH 



tetrahydroxydimethylanthraquinone being re- 
duced by zinc distillation to the dimethyl- 
anthracene. This could only be the 2:6- 
dimethyl-compound. 


While Lavaux considered that the above hydro- 
carbon obtained by his ditolylmethane method 
was 2:7- or 2:6-, the other isomer from the 
eutectic mixtures was considered to be probably 
l:6-dimethylanthracene, a conclusion based on 
evidence from its destructive oxidation, but the 
whole field remained doubtful until Morgan and 
Coulson cleared the obscurities by several 
quite independent methods. 

The intermediate 2:4:4' - trimethyl benzo - 
phenone (I), an oily ketone characterised by its 
oxime, can only dehydrate in one way by heat, 
giving 2:7-dimethylanthracene, unless migration 
of a methyl group occurs. The intermediate 
was made in two ways, in bulk by the Friedel- 
Crafts reaction of p-toluyl chloride with m- 
xylene, and in small quantity by the completely 
unambiguous Grignard reaction between p- 
toluonitrile and the magnesium compound from 
4-brorao-l:3-dimethylbenzene, which yields a 
ketimine hydrolysing to the same ketone. This 
hydrocarbon is thus identical with Lavaux ’s 
supposed l:6-compound and is therefore 
2: 7-dimethylanthracene. 

Lavaux ’s other hydrocarbon, supposedly 
2:7-, was shown to be identical with one pre- 
pared ixom 2:6:4'-trimethylbenzophenone (II) 
which again can only dehydrate in one way, to 
give the 2:6-dimethylanthracene ; the ketone 
was prepared in bulk by Friedel-Crafts reaction 
of p-toluylchloride andp-xylene, and its oonsti- 



|-HaO 

H 



Quinone, m.p. 170° 


M.p. 24r 
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tvition chocked by an unambiguous Grignard 
method from ^-toluonitrile and the magnesium 
compound from 2 -iodo-p- xylene. 

Thus Seer’s compound was confirmed to be 
the 2;6-di methyl, just as Flumiani’s experi- 
ments had shown, although Seer’s method was 


open to two other mechanisms, but could not 
give the 2:7-dimethyl isomer. Lavaux’s hydro- 
carbon, m.p. 240°, with its quinone of m.p. 169°, 
is thus 2:1 -dimethylanthracene^ and that of m.p. 
244-5°, with quinone m.p. 230*5°, is 2:G-dimethyl- 
anthracene. 



Dewar and Jones’s compound, obtained 
by the action of toluene on nickeltetracarbonyl, 
is also shown, as suspected by Seer, to bo 2:7- 
dimethylanthracenc : 


2 



+ 


Ni(CO)4 



Morgan and Coulson also checked the con- 
densation of di-p-tolylmethane with methylene 
chloride, studied by Lavaux, and confirmed that 
the 2:7-dimethylanthracene predominates in the 
product. Lavaux’s preparation must have 
suffered the migration of a methyl group, this 
migration accounting for the eutectic mixture 
he obtained. 

The other heteronuclear dimethylanthracenes 
probably consist of mixtures.^®® R. D. Haworth 
and 8heldrick describe the h5-diinethyl-com- 
pound.^^ 


The four homonuclear dimethylanthracenes 
arc prepared by zinc-ammonia reduction of the 
corresponding anthraquinones. Thus 2:3-dt- 
iti,ethylanihracem was prepared from the 2:3- 
dimethylanthra quin one arising by Friedol- 
(Irafts reaction of phthalic anhydride with o- 
xylcnc, and dehydration. The structure of the 
dimethylbonzoylbenzoic acid was confirmed 
by F. Meyer, 2“* yielding benzoic and 3:4-di- 
raethyl benzoic acids. The ring-closure by 
dehydration can, and docs,^®® give 1:2- or 2:3- 
dimethylanthraquinone. The anthraquinone di- 
carboxylic acid prepared by oxidation, how- 
ever,®* is different from the l:2-dicarboxylic 
acid, obtained by oxidising l:2-bcnzanthra- 
quinonc^i®® but while Elba and Eurich’s di- 
methylanthracene is certainly mainly the 2:3- 
dimethyl-, it is contaminated by some l:2-di- 
methy 1-compound. An unambiguous route to 
l:2-dimethylanthraquinone is to treat the 
Grignard compound from 3-bromo-o-xylene with 
phthalic anhydride, giving 2-(2':3'-dimethyl- 
benzoyl) benzoic acid. The latter can yield 
only l:2-dimethylanthraquinone on ring-closure, 
which may be carried out with benzoyl chloride 
and a little sulphuric acid,®*^ or the ketonic acid 
may be reduced, and the dimethylbenzylbenzoic 
acid converted into the corresponding anthrone 
with zinc chloride in acetic acid.*®® 1:3- and 
VA’ Diniethylanthracenea were first prepared by 
von Braun and Bayer ®®® from the quinones by 
zinc-ammonia reduction, Elbs having only im- 
pure material, which he named “ anthra- 
cyclenes.” *’“ The quinones from which the 
1:3- and l:4-dimethylanthracenes were prepared 
are of certain constitution. Gresley and 
Heller obtained the l:4-dimethylanthra- 
quinone by condensing p-x^ene with phthalic 
anhydride; m-xylene gave the l:3-dimethyl- 
compound in an equally certain manner. 

The pyrolysis product from benzylmesitylene, 
obtain^ by Louise,®®* is probably an impure 
l;8-dimethylanthraoene, as it oorresponda with 
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that by the Friedel-Crafts route from mesitylene 
and phthalic anhydride : 


^OOH^e 


H Me 


PI 

It was also obtained by Wcnde by zinc distil- 
lation of trimethylanthragallol from the con- 
Kraeraer, Spilker, and Eberhardt’s pyrolysis of densation of durylic and gallic acids : 
a-phemyl-a-i/r-eumylethane is probably inipun^ 


^ r- j 

2;3-dimethylanthracen(;, althougli both 1:2-, 
l:4-dimethylanthracenes can arise in this way: 


CHMe 

X/CH 

1 

H^ci^ 




Me2 (2:3, 1:2, 1:4) 


V ^ 

jCOOH 

1 "7 


+ 

HOOc'. J 

OH 


Me 

HO, 

O 

11 

Me 

XX^jMe 

Zn 

Hol 




OH y 

Me 


Other contradictory statements are given in the 
literature.^®' 

T rimethylanthracenes. — 1 ‘.'lA-Trimethyl- 
anthracene is known with fair certainly. It was 
prepared by Gresley and Klbs 47, 66. 67 
Friedel-Crafts reaction of p^cadocymene with 
phthalic anhydride and zinc distillation of the 
resulting trimethyl benzoylbenzoic acid. 


\:*^:()-TrimHhylarithrac€'ney by long heating of 
2:4:2':4'-, and \-A:l-iri7nethylanthracene, by the 
same method from 2:5:2':5'-tetrarnetliylbenzo- 
phenone, wxu*c prepared by Eibs.^^’ 
2:‘S:Q-Trimethyla7Uhrace.ne was synthesised by 
Morgan and Coulson,^®4<> a method similar to 
that used for the 2:()- and 2:7-dimothylantlira> 
cenes. 2:3:5:4'-Tetramethylbenzophenone (I), 
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synthesised through the ketimine by Grignard 
reaction of ^-toluonitrile with the magnesium 
compound of 5-iodo*0-cumene to make its 
constitution certain, and identical with that 
prepared in quantity by Friedel-Crafts reaction 
of ^>>toluoylchloride with ^-cumene, suffers on 
heating not the usual dehydration, but dehydro- 
genation to the anthrone (II), a reaction 
hitherto unknown for the o-methylbenzo- 
phenones. On longer boiling, however, water is 
eliminated in the normal manner, and 2:3:0- 
trimethylanthracene, m.p. 265°, results ; the 
corresponding quinono melts at 240°, and can be 
reduced to the pure trimethylanthracene (111). 
I'he (‘onstitution was rendered doubly certain by 
synthesising a quinone, identical with that 
already obtained, by condensing 4-methyl- 
phthalic anhydride with o-xylene, and lic- 
hydrating the resulting triinethylphthaloylic 
acid, when the required trimethylarithraquinone 
is formed (although it is probably accompanicHl 
in smaller amounts by the other possible isomers, 
1:2:0- and 1:2:7-). 

Tetramethylanthracenes. — l:3;5:7-Tefm- 
fiiethytarUhracenCy obtained by Friedcl and Crafts 
by interaction of m-xy]ene with methylene and 
aluminium chlorides,®® was also obtained by 
Seer by zinc distillation of the quinone from 
mesitylenoyl chloride and aluminium chioride.^'^ 


The latter can give only a l:3:6:7-tetramethyl 
derivative : 



while the former (uin also give rise to the 1:3:0:S- 
compound which Seer obtained from a repeti- 
don of the Friedel-Crafts ex])eriment8 : 



The l:o:6:S-tetramethy1unthracene was also 
obtained by Anschutz from w- xylene, tetra- 
bromoethane, and aluminium chloride,*®® and is 
probably identical with Dewar and Jones’s 
hydrocarbon obtained by using nickel tetra- 
carbonyl in place of tetrabromoethane,^®® and 
is not the l:3:5:7-tetramethyl-compound as 
these authors considered on untenable grounds. 


The quinone (I) corresponding to 2:3:6:7-tcfra- 
methylanthracene was prepared by Morgan and 
Ooulson,27i by Friedel-Crafts reaction of 3:4- 
dimethylbenzoylchloride (a) by itself, and 
(6) with 0-cumene, to 2:4:6:3':4'-pentamethyl- 
benzophenone, subsequentlypyrolysed to 2:3;6:7- 
tetramethyl-anthrone-9, which was oxidised to 
the quinone : 



The anthracene prepared by reduction melted 
at 308°. Barnett, Goodway, and Watson pre- 
pared a similar substance by the Friedel-Crafts 
methods from o- xylene and methylene chloride, 
wMch in a mixed melting-point determination 
with Morgan and Coulson’s preparation melted at 
299°, and so was not quite pure ; it gave an on- 


throne melting at 271°, identical with that quoted 
by Morgan and Coulson. The latter authors also 
prepared the quinone independently by the 
Diels-Alder method and mild oxidation, by 
condensing benzoquinone with j5y-dimfithyl-4^*®- 
butadiene to the octahydroanthraquinone and 
passing air into an alcohol solution of the latter ; 
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Me H II H 


^7^x1 X/" I ' 

Me H II H 



The reduction of the quinone with sodium 
and amyl alcohol gave the tetramcthyldihydro- 
anthracene, dehydrogenated to the anthracene 
itself by selenium. The 2:3:6:7-tetramethyl- 
anthraoenc has been detected in the heavy 
neutral oils of low-temperature tar. 

l\2i!i:4-Tetramethylunthracene was obtained by 
Hewett by chloromethylating 2:3-dimethyl- 
naphthalone and removing the chlorine by 
reduction with hydrogen to give l;2:3-trimethyl- 
naphthalene. This process was repeated, giving 
l:2:3:4-tetramethylnaphthalene. This, by re- 
action with succinic anhydride and aluminium 
chloride in nitrobenzene, gave a-(l:2:3:4-tetra- 
methyl-6-naphthoyl)-propionic acid, which was 
reduced to the tetramethylnaphthylbutyric 
acid, ring-closed to the ketotetrahydroanthra- 
cene, and dehydrogenated in two steps to 
1: 2 : 3 : 4 - tetraniethylanthracene . 


COOH 


Me 


HX 


I 




1 




II 

O 

Me 




COOH 

Me 


+2H2 



|Me 



XA' 

me 


CHjs 

Me 




When hydroquinone is condensed with diace- 
tone in solution in acetic and sulphuric acids, two 
molecules of the y-diketone react with the loss of 
four molecules oi water, and the product simul- 
taneously isomerises to h€:5:B-t€tmfnethylanthra- 


Hexamethylanthracenes. — «/f-Cumene, me- 
thylene chloride, and aluminium chloride yield 
a hexamethylanthracene which must bo either 
1:2:4:5:6:8- or l:2;4:5:7:8-.*^o 
Octamethylanthracen e . — Backer, Strating, 
and Huisman obtained the fully substituted 
octamethylanthracene by the Diela-Alder 
method, condensing btmzoquinone with two 
molecules of tetramethylbutadiene to yield the 
adduct, theoctamethyl octahydroanthraquinoiie. 
The latter is of course a mixture of many stereo- 
isomers, but all yield the same octamethyl- 
anthraquinone on oxidation in a boiling butyl 
alcohol solution of caustic potash by passing in 
oxygen. The anthraquinone is stable to the 
classical zinc distillation method and even to 
hydriodic acid and phosphorus, but is reduced 
to the dihydroanthracene by Clemmensen’s 
method with amalgamated zinc and hydro- 
chloric acid ; the latter is dehydrogenated by 
selenium in naphthalene solution to the octa- 
methylanthracene, m.p. 283-284°. 



+ 2 



MeH H 
MeH| 

MeH 


CHMe 

^CMe 

^CMe 

CHMe 


H HMe 

HMe 

HMe 


MeH H II H HMe 

0 

1 

Octamethylanthraquinone 

!“■ 

Octamethyl-9:10-dihydroanthraceno 

Octamethylanthracene 
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ANTHRACENE CARBOXYLIC ACIDS. 

Only the mono^ms-carboxylic acid is known, 
and this has already been diaoussed (p. 26c), 
under the action of acyl halides on anthracene. 
The Bz-&cid8 can be obtained through the 
nitriles, which are saponified by means of 
alcoholic potash. The nitriles are prepared by 
distilling the corresponding alkali sulphonates 
with potassiuin cyanide or dry potassium ferro- 
cyanide. 

The 9-sulphonic acid is unknown, but the 
9*nitrile can bo prepared by Karrer and Zeller’s 
method, by treating anthracene with fresh 
cyanogen bromide and aluminium chlorido.^®^ 
Again, Barnett, Cook, and Matthews converted 
l:5'dichloranthracene-9: 10-dibromide to 1 :5- 
dichloroanthracene-9-nitrile by heating with 
alcoholic potassium cyanide. 

The main method for jireparing anthracene 
carboxylic acids is zinc- ammonia reduction of 
the corresponding anthraquinone carboxylic 
acids, both di- and tri -carboxylic acids thus 
becoming available. 

The l:9-dicarhoxylic acid is obtained by 
regulated oxidation of aceanthrenequinone 
and the action of dilute alkalis on the latter 
produces, among other products, some anthra- 
cene- 1 -aldehyde-9-carboxylic acid. 

Whereas the 9-carboxylic acid readily decom- 
poses on heating, giving off carbon dioxide, the 
iiz-acids are generally stable yellow substances 
which fluoresce blue in solution. Di- and tri- 
carboxylic acids with vicinal groups give orange- 
coloured anhydrides by sublimation,®** ®’ the 
l:9-dicarboxylic acid doing so even in solu- 
tion,^’® in which it resembles naphthalcne- 
l:4:5:8-tetracarboxylic acid. The same acids 
also give yellow imides by the action of am- 
monia on the anhydrides, or from the oximes of 
the corresponding aceanthrenequinone by re- 
action with acids, and the imides or oximes 
yield leuco-vat dyes by alkali fusion, dyeing 
green shades from red vats (Aceanthrene 
Green ).i’* 

While the carboxylic acid groups can be split 
off by heating the alkaline-earth salts, the nitriles 
are very difficult to hydrolyse, the amides do not 
readily do so, and the acid chlorides are stable 
to water.®®* The 9-carboxylic acid cannot 
be esterified by the normal method ; the 
methyl ester is prepared by heating the silver 
salt with methyl iodide, and is very stable to am- 
monia. The 1-carboxylamide does not undergo 
the Hofmann reaction.®® All three mono- 
carboxylic acids readily form dimers in light, 
but the 9-carboxylic acid is specially light- 
sensitive and must be kept in the dark in vacuo. 
The acids are oxidised to the corresponding 
anthraquinone carboxylic acids by chromium 
trioxide, the 9-carboxylic acid giving anthra- 
quinone itself. 

Whereas anthracene’2-carhoxylic acid behaves 
like anthracene on bromination, giving only the 
9:10-dibromo-derivative, the \-carhoxylic acid 
gives a ww-monobromo-derivative which cannot 
be further brominated, another example of the 
influence of the a-substituent on the 9-peri- 
position.®^® 

The 9:10-disulphonic acid can be prepared as 


its disodium salt by heating 9:10-dichlor- 
anthracene with sodium sulphite in phenol solu- 
tion at 170-180° (Marschalk, Ouroussov, Bull. 
Soc. chim. 1935, [v], 2, 1216. 

DIANTHRACENES. 

The discovery of the dimers of anthraijenes 
was due to Fritzsche (J. pr. Chern. 1867, [i], 
101, 337 ; 1869, [i], 106, 274) who found that 
sunlight produced, in solutions of anthracenes 
in organic solvents, sparingly soluble sub- 
stances with higher melting-points than the 
original monomers. They are decomposed to 
the monomers by melting. Elbs ’® determined 
their molecular weight by the cryoscopic 
method, supported by Ornclorff and Cameron, 
by ebullioscopic methods,’® both showing that 
the products were dimers. Linebargcr deter- 
mined the relative speed of formation in different 
solvents but a solvent is not strictly necessary. 

While 1- and 2-methylanthraoenes readily 
diraorise,®® and substituted derivatives, in- 
cluding the 9-halogeno-derivatives do likewise,^’® 
the 9:10-dihydro- and 9: lO-dibroino-dcrivatives 
do not react at all, although this was disputed 
by H. Meyer and Eckert in the case of 
dihydroanthracenes, which they found reacted 
in absence of air. As already referred to, all 
three monocarboxylic acids give dimers, but in 
the case of the 9-acid, air must be excluded as it 
causes the formation of anthraquinone. 

The dimers are white solids, free of fluores- 
cence ; they do not form })icrate8, are very 
inert and have low solubilities. Linebarger’s 
proposed constitution, 



is so far without contradiction,’^ 


ALKYLANTHRACENE DERIVATIVES 
FOUND IN NATURE. 

A large number of hydroxyalkylanthracene 
derivatives have been observed occurring in 
nature, sometimes free and in other cases as 
glucosides. These include : 

Aloe-emodin (v. Vol. I, 2616) ; 

Chrysarobin (v. Vol. Ill, 1166) ; 

Chrysophanic acid {v. Vol. I, 433a ; II, 410d 
III, 116c) ; 

Emodin {v. Vol. Ill, 116c) ; 

Frangulin {v. Vol. V, 328d ; VI, 88a) ; 
Frangula-emodin {v, Vol. V, 328c/) ; 
Helminthosporin (v. Vol. V, 55a) ; 

Morindin (v. Vol. VI, 92a) ; 

Munjistin (v. Vol. V, 4166 ; VII, 437a) ; 
Rubiadin (v. Vol. V, 416c/; VII, 437c/). 
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R. F. T. 

METHYLATED SPIRIT (v. Vol. I, 182c?, 
183o, b ; HI, 557c?). 

METHYLAURIN. Red dyestuff contained 
in crude aurin, which is prepared by heating 
phenol with sulphuric and oxalic acids. Aurin, 
a triphenyl methane derivative, CgpHjjOs, also 
known as rosolic acid, is used for colouring 
lacquers, in the manufacture of photographic 
plates, and as an indicator in titration of acids 
with cau.stic alkalis. 


J. N. G. 

METHYLDIPHENYLAMINE, 


NMePhjj, 

prepared by heating diphenylamine with di- 
methyl sulphate, is a pale yellow oil, b.p. 291- 
292776O mm., 146-145-6710 mm. Ghloro^ 
platinate, m.p. 207-209® (decomp.) (Gibson and 
Vining, J.C.S. 1923, 128, 836). 

J. N. G. 

METHYLGLYOXAL {v. Vol. VII, 1496). 

« METHYLHEXALIN " {v. Vol. VI, 226a), 
METHYLHEXANONE {v. Vol. VII, 141c?). 
METHYLKETEN {v. Vol. VII, 104c), 
METHYSTICUM {v. Vol, VII, 96c?). 
METMYOGLOBIN {v, Vol. VI, 16U), 
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METOL, ;?-Methylaminoph©nol sulphate. 
A photographic developer (Harger, J.S.C.I. 
1919, 88. 234a; J. M. Eder, “ Handbuch. der 
Photographie,” 6te Aufl., Halle a.d. Saale, 1930, 
Vol. Ill, Pt. ii, p. 129). It forms crystals, 
which begin to char at 245° and melt with 
decomposition above 250°. Metol has been 
manufactured (Merck, G.P. 260234) by heating 
quinol with aqueous methylamine to 200° and 
neutralising the product with sulphuric acid 
(Ermen, J.S.C.I. 1923, 42, 522a). Metol pre- 
pared by Merck’s process contains p-phonylene- 
dimethylamine sulphate, 

CeH4(NHMe)2.H.,S04. 

which is stated to be the cause of metol imison- 
ing. For mctol-cczema see Liesegang, A. 1939, 
III, 191. Alternative methods of manufacture 
are given in B.P. 132555; G.P. 20.5415. In 
analytical chemistry, metol is used as a reducing 
agent in the molybdate colorimetrit? method of 
determining phosphates. 

J. N. G. 

“ METRAMINE ** {v. Vol. I, 326a). 

” METRAZOL (w. Vol. VII, 276c). 

METTEGANG METHOD (v. Vol. IV. 

550c). 

M ET YCA I N E. y - (2 - Methylpiperidino) - 
propyl benzoate hydrochloride. Local anaesthetic 
(v. Synthetic Drugs), 

S. E. 

MEXICAN BUCKEYE OIL is contained 
in the seeds of Ungnadia speciosa (Fam. 
SapindaceJ©), a shrub growing in Texas and 
Mexico. Cheel and Penfold (J.S.C.I. 1919, 38, 
74t) give the following characteristics of the oil 
extracted by ether: yield 50%; ()-9117; 

1-4666; iodine value 83-5; moan molecular 
weight of fatty acids, 288. The seeds contained 
sufficient of a cyanophoric glycoside to cause 
symptoms of poisoning during the analysis. 
According to Schaedlor (Chem. Centr. 1889, II, 
101), the oil contains olein 78%, and palmitin 
and stearin together 22%. . 

J. N. G. 

MIANIN (v. Vol. I, 140a). 

M I A R G Y R I T E . Sil ver thioantimonite, 
AgSbSa, occurring as small, usually indistinct, 
monoclinic crystals. These are black and 
opaque, with a metallic lustre, but thin splinters 
transmit a deep crimson colour ; streak dark 
cherry-red ; p 5*2. Crystals were formerly 
found at Braunsdorf, near Freiberg in Saxony, 
and compact masses of some size are met with 
in the silver mines of Bolivia. 

L. J. S. 

MICA (Ger. Qlimmer). A group of minerals 
characterised by an excellent basal cleavage, 
enabling the natural crystals to be split into very 
thin sheets or films, commonly loss than one- 
thousandth of an inch in thickness. The 
cleavage flakes are flexible and elastic through 
a very wide angle, and possess outstanding value 
as electrical insulators on account of their high 
dielectric strength and low thermal conductivity. 
The remarkable facility with which the’ minerals 
can be split is the result of an atomic structure 
based on continuous sheets of (Si,AI)04 tetra- 


I hedra, which are linked loosely through inter- 
' vening potassium ions, cleavage being due to 
the rupture of the feeble potassium-oxygen 
bonds which hold the strong sheets together. 
Micas crystallise predominantly in the mono- 
clinic system, with the p angle nearly 90° ; 
crystals are usually tabular with prominent 
basal planes and pseudo-hexagonal habit, the 
prism faces being roughened by horizontal 
striations and often tapering. Although their 
hardness is only 2 to 3^, the flakes are strong ; 
p 2-7-3-2. 

j The micas form incomplete isoraorphous series 
of sheet-structure minerals, (onsisting of com- 
plex aluminium silicates with potassium and 
I hydroxyl, together with more or less magnesium, 

I ferrous iron, and, in certain varieties, sodium, 

I lithium, and ferric iron. Manganese, chromiuiii, 

I titanium, and vanadium are characteristic of 
some species, and fluorine is commonly present. 
The minerals may be classified chemically and 
structurally into two groups, the heptaphyllites 
and the octophyllitcs ; the former have seven 
positive ions, and the latter eight, accompanying 
twelve negative ions. No miscibility exists 
between the two groups. 

The principal species, with their simplified 
formula^ arc : 

I. Heptaphyllites : 

Muscovite, or potash -mica, 

KAl2(AISi3)Ojo(OH,F)2. 

Paragonite, or soda-mica, 
(K,Na)Al2(AISi3)Oio(OH.F)2. 

I I. OclophyUites : 

Lepidolite, or lithia-mica, 
K(Li,AI) 3 (AI.SI) 40 io(OH,F) 2 . 
Phlogopile, or magnesia-mic.a, 
KMg3(AISi3)0,„(0H,F)j. 
liiotite, or ferromagncsian-mica, 
K(Mg,Fe)3(AISi3)Oi„(OH,F)3. 

Additional species are mentioned briefly below. 

! All the true micas yield water when strongly 
heated, the moisture content being about 5% ; 
muscovite begins to lose water rapidly at 700°c., 
but phlogopite remains almost unaffected at 
temperatures below l,0()0°c. 

Muscovite frequently contains traces of 
ferrous and ferric iron, manganese, vanadium, 
etc. It is sometimes termed in the trad© “ white 
mica,” though the crystals or “ books ’’ may be 
of a greenish, yellow, or reddish (“ ruby ”) shade, 
which are transparent and almost colourless in 
thin films. Muscovite is a characteristic con- 
stituent of deep-seated siliceous igneous rocks, 
such as granite and syenite, and especially of 
certain pegmatite dykes ; it is also widespread 
in many metamorphic schists and gneisses. The 
variety sericite, occurring as fibrous aggregates 
of minute scales with a silky lustre, tends to be 
rich in water, and is usually an alteration product 
of felspar. F u c h s i t e , containing small amounts 
of chromium, has an attractive emerald green 
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colour; the crushed mineral is used in stucco stone. It colours the flame crimson and can 
and artificial stone, and polished fuchsito schist thus be readily distinguished from pink mus- 
makes a handsome ornamental stone. Rosco- covite. 

elite, KV 2 (AISi 3 )Ojo(OH) 2 , is a clovc-brown Lepidolite and its varieties arc important 
to greenish-brown variety in which aluminium sources of lithium compounds (?;. Vol. VII, 303c). 
is partly replaced by vanadium, with up to Lepidolite is mainly used in its natural form in 
29% of VgOg. It constitutes an important ore- the glass industry for making special ty|)es of 
mineral in the unique sedimentary uranium- durable glass with a low coefficient of exi)an8ion, 
vanadium-radium deposits of western Colorado, and it acts as an opacifior in opalescent white 
and is one of the chief economic vanadium glass. It also serves to strengthen glass, glazes, 
minerals. The term ferri- muscovite is applied enamels, and porcelains. The total annual 
to muscovite which contains some ferric iron, world production of lepidolite, chiefly derived 
and phengite refers to a variety containing from California and New Mexico, is probably of 
magnesium and ferrous iron. Among the the order of 1,000 tons. 

varieties often spoken of as hydro-micas are Phlogopite is commonly yellowish- brown, 
damourite and gilbertite, which arc secondary often wdth copper- or bronze-red reflections from 
forms t)ccurring as minute scales and fibres the cleavage flakes, though it is sometimes 
wdtli an unctuous feel and relatively poor silvery grey, yellow, or green. According to 
elasticity. Paragonite, a yellowish or pale the shade it is variously clas.sified in the 
greenish mica, resembling muscovite in general trade as dark amber, silver amber, wine amber, 
properties, occurs as scales in certain meta- etc. It is tran.sparent in thin sheets, and when 
morphic rocks of limited distribution. viewed by transmitted light it frequently 

Muscovite is employed in industry either as exhibits a starliko effect knowm as asterism. 
“ sheet mica ” or as “ ground mica ” made from It is distinguished from muscovite by its 
mine waste or shop scrap. Most of the sheet decomposition in sulphuric acid, and from 
mica is used as an insulating material in the biotite by its lighter colour. With incTcasing 
manufacture of electrical apparatus, such as iron it grades into biotite. Economic deposits 
commutators, heating units (cookers, irons, and of phlogopite are usually associated with basic 
toasters), discs, washers, bushings, and con- igneous rocks, especially pyroxenites, which 
densers. A large quantity is used in the form invade magnosiun limestones. The phlogopite 
of splittings or films bonded together with is commonly accompanied by apatite, and many 
shellac or a special synthetic resin and heat- of the Canadian deposits have been exploited 
pressed into plates of required thickness, which for both their mica and their phosphate content, 
are then shaped as desired into tubes, tape strips. In common w ith muscovite its chief use is in 
V-rings, plates, and so on. This built-up mica is electrical insulation, the best grades finding 
known in the trade as “ Micaniie.'' A certain extensive service in heavy-duty spark plugs 
amount of clear sheet mus(!Ovite, called “ isin- and commutators. Ground jihlogopitc is an 
glass,” finds employment in stove fronts, furnace ingredient of many moulded electrical insulators, 
and kiln windows, lamp canopies, chimneys, and in which it is bonded with various resins, rubbers, 
^shields, gas masks, goggle eye-pieces, etc. Wet- and cements. 

ground muscovite is used principally to impart Biotite is generally dark brown to black, 
lustre to wallpaper and some paints ; it is also though some varieties may be green or yellowish, 
used to some extent as a filler in rubber and the colour deepening to black in lepidomelane, 
plastic compounds. The roofing industry ab- in whicli there is mu(;h ferric iron. Biotite is a 
sorbs a large proportion of the dry-ground mica very common mica, being an important eon- 
produced, for use as a backing for rolled asphalt stituent of many igneous and mctamorphic 
roofing and shingles, in order to prevent sticking, rocks, such as granite, syenite, diorite, gabbro, 
and for its decorative effect. This scrap mica gneiss, and mica schist. It occurs in a wider 
adds finish to stucco, concrete, and artificial variety of rocks than muscovite. Like dark 
stone, is used for Christmas-tree “ snow,” and phlogopite, biotite is of little value for electrical 
in axle-grease, as a dry lubricant, besides purposes owing to its low dielectric strength, but 
serving as a dusting and lubricating medium the powdered mineral, obtained by pulverising 
during the manufacture of tyres and other biotite schist, serves as a coating or filler material 
rubber goods. in the roofing and rubber trades. 

Lepidolite is a comparatively rare lithia- mica, Although not strictly a mica, it is appropriate 
found in granitic pegmatite dykes, usually in to mention here the mica-like mineral vermi- 
association with other lithium- bearing minerals culite, a hydrothermal alteration product of 
such as rubollite, tourmaline, amblygonite, and biotite and phlogopite, which exfoliat-es and 
spodumene. Its composition varies consider- swells enormously on heating, and is now ex- 
ably and includes the rare alkali -metals, rubi- tensively employed for heat insulation and sound 
dium and csesium, as normal constituents. One deadening. 

variety with considerable iron is called zinn- Apart from the lithium and vanadium micas, 
waldite, but protolith ionite (approximately the annual production of mica ranges from 
K 2 LiFe 4 Al 3 Si 302 oF 4 ) contains still more. 30,000 to 50,000 tons, of which the United States 
Another type with maximum lithium is poly- produces about half, and the U.S.S.R. and India 
lithlonite, KLioAISi 40 joF^ 2 - Lepidolite has a approximately 20% each. The American output 
characteristic lilac-rose to violet-purple colour is largely scrap and ground mica, whereas the 
and is seldom found in large, clear sheets; it muscovite deposits of Bihar and Madras in 
usually occurs in scaly, granular aggregates with India normally supply about 90% of the world 
a pearly lustre, often resembling granular lime- production of sheet mica for electrical insulation. 
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Canada and Madagascar are the principal 
sources of high-grade phlogopite. 

Hefermceg . — H. S. Spence, “ Mica,*’ Can. Dept. 
Mines Branch, No. 70J, Ottawa, ]029; “Industrial 
Minerals and Kocks,” American Institute of Mining 
and Metallurgical Engineers. New York, 1937, Chap. 
XXVI (comprehensive, with bibliography) ; II. K. 
Chowdhury, “ Handbook of Mica,” London, 1930 : 
C. S. Fox, Kee. Gcol. Survey India, 1935, 70, 247. 
During the past decade numerous articles dealing with 
the crystal structure and chemical composition of the 
various micas have appeared in volumes of the 
American Mineralogist, and complete references to 
mineralogical publications on mica are noted in suc- 
cessive volumes of Mineralogical Abstracts, issued by 
the Mineralogical Society, London. 

D. W. 

MICELLE. The micelle is the colloid unit 
in a certain class of colloidal solutions, often 
called micellar colloids, of which the best known 
examples are the soaps and synthetic detergent s. 
The micelle is built up from molecules of crystal- 
loidal size, and sols contain both moleoularly 
and colloidally dispersed solute in equilibrium 
according to the Law of Mass Action. If n 
molecules join together to form a micelle, its 
active mass will be given by the nth power of 
the concentration fraction, and, if K is the 
equilibrium constant, c the concentration of 
soap, and x the fraction aggregated, wo have the 
relation : 

Kicxjn) .t)}^ 

A small rise of molecular solubility of the soap, 
due to raising the temperature, will therefore 
be accompanied by a large increase in the amount 
colloidally dispersed, and the overall solubility 
curve will become very steep at some iwint. 
This phenomenon is found in the soaps and 
similar long-chain synthetic detergents. The 
criterion for a substance to form micelles is that 
the molecule should be partly hydrophobic and 
partly polar and hydrophilic, the whole being 
largo enough for the two properties to function 
separately. The simplest of these substances, 
which have been named “ amphipatliic,” are 
long straight -chain hydrocarbons with a terminal 
polar group such as fatty acid, alkyl sulphate, 
sulphonate, amine, or amide. When the chain 
is sufficiently long, it is not carried into solution 
by the water-soluble end -group, and the hydro- 
carbon tails adhere to form the micelle with a 
hydrophilic exterior of the polar groups. The 
lower members of a homologous series form true 
solutions, while colloidal properties set in when 
the hydrocarbon tail has become long enough. 
For the ordinary sodium soaps, this occurs at 
Cg (caprylic acid). The majority of micellar 
colloids are also electrolytes, but not all colloidal 
electrolytes are micellar; c.g., the proteins do 
not fulfil the criterion that the single molecule 
should be of crystalloidal dimensions. The 
word “ micelle ” is not a synonym for a colloid 
particle or aggregate and its use should be 
restricted to systems which fulfil the criteria set 
out above. 

The nature of solutions of micellar colloids 
was first clearly demonstrated by the classical 
researches of McBain,* although his picture of 

* The work of McBain and his co-workers is mainly 
published in J.C.S, from 1911 to 1927. A sununary of 
this early work is found in the Third Eeport of The 
British Association on Colloid Chemistry, 1920, pp. 1- 


their composition has been altered in radical 
respects, largely owing to work carried out on 
solutions of the newer synthetic detergents, 
which are free from certain complications shown 
by the true soaps, probably owing to co-ordina- 
tion effects in the -COOH and -COOM groups 
(M is a univalent metal). McBain measured 
electrical conductivities, osmotic pressures and 
hydroxyl ion concentrations ; the results proved 
that the abnormally high conductivity of the 
mure concentrated soap solutions w'as not due to 
hydroIy.sis, but accompanied micelle formation. 
In addition to the small amount of molecularly 
dispersed soap, neutral and ionic micelles were 
postulated as separate entities. It is generally 
ac(‘eptod now that the neutral micelles do not 
exist. A very largo amount of work has been 
carried out by a number of workers in the last 
15 years, mainly on the long-chain alkyl sul- 
phates and Bulphonates, using electrical con- 
ductivity, transport number, and, less often, 
osmotic pressure measurements. Partial specific 
volume has also been used and, indeed, led Bury 
(d.C.S. 1929, 679) to the application of the Mass 
Action Law' given above. 

Surface tension measurements have played 
an important j)art. This property is due to the 
molecularly dispersed part of the soap, and 
therefore the onset of micelle formation is 
a(x*ompanied by a sharp break in the surface 
tension /concentration cairve. Tlie conditions 
for marked lowering of surface tension of water 
by soaps arc the same as tliosc for micelle for- 
mation, viz. a long hydrocarbon chain and a 
terminal polar group. The surface tension/con- 
centration curve, like that of electrical con- 
ductivity, shows a steep initial fall, after which 
it bends round and then shows a small progres- 
sive rise. The concentration of soap required 
to reach the minimum is called the critical 
concentration. Its value is smallest for the 
least soluble soaps, and is increased by those 
factors which increase solubility, viz. increase 
of temperature, decrease of chain length, and 
choice of suitable polar end -groups or of the 
ions associated with them — the same factors, in 
fact, which determine the concjentration at 
which micelle formation sets in. Considerable 
controversy has taken place over the point at 
which this does occur — at the critical con- 
centration, or, as McBain originally suggested, 
at the higher concentration at which the steady 
ri.se begins. So far no decision has been possible, 
and perhaps the difference is not so real when it 
is considered that some sort of aggregation must 
set in at even the most extreme dilution. It is 
assumed, without adequate evidence^ that the 
micelle is of a fixed size. Recent work on the 
examination of more concentrated soap/water 
systems by Z-rays indicates that the soap is 
present in a layer lattice. In this case the 
conditions which have led to the idea of a 
spherical micelle, the size of which is determined 
by packing and charge distribution on its surface, 
no longer hold good, and there would be a wide 
range of micelle sizes. This would make the 
change of properties at the critical concentration 
less sharp than that given by the Mass Action 
relation, n being taken as 20 or a large value of 
that order. 
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MICELLE. 


Micelles can dissolve water-insoluble sub- 
stances inside them. This was first regarded as 
solution in the hydrocarbon interior of the 
micelle but, in the more concentrated solutions 
of the potassium soaps, addition of oil is accom- 
panied by increase of the long spacing of the 
soap lattice. Further experimental evidence 
is required, however, before the bearing of this 
result upon the nature of more dilute solutions 
can bo decided. The nature and number of 
phases in more concentrated soap solutions is 
extremely complex and not yet fully understood. 

Bibliography. — McBain's papers quoted above ; 
G. 8. Hartley, “ Aqueous Solutions of Parafflii-chain 
Salts,” 1936 (Actualit^s Scientiflques et Industrlelles, 
No. 387) ; Chem. Soc. Annual Rep., 1936, 110 (N, K. 
Adam) ; 1940, 99 (A. S. C. Lawrence) ; Faraday Society 
iJiBcussion on “ Colloidal Electrolytes,” Jan. 1935. 
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MICHLER’S KETONE (i;. Vol. VII, 1316). 
MICRANTHINE (v. Vol. Ill, 547c). 
MICROBALANCES {v. Vol. I, 607c). 
MICROCHEMISTRY. [This article is 
divided into three distinct sections, dealing with 
the use of “ drop reactions ” in inorganic 
quabtative analysis, selected microchomical 
manipulative methods, and organic micro- 
analysis, respectively. 

Certain aspects of the use of drop reactions 
have been discussed in the article Chemical 
Analysis (Vol. II, 579c), and the additional in- 
formation included below supplements this, and 
provides a review' of a field which has developed 
rapidly since the original article was published. 

The increasing use of micro-methods in organic 
chemistry has led to rapid development of new 
manipulative techniques, and to improvements 
in microanalytical method.s, tind these are 
described in the second and third sections of this 
article, which are again supplementary to parts 
of the article Chemical Analysis (v. Vol. II, 
6296). — Editors.] 

DROP REACTIONS. 

One of the most valuable results of the appli- 
cation of microchomical technique to practical 
chemistry has been the development of methods 
for detecting very small amounts of a substance, 
either alone or with other substances often 
present in relatively large amounts. Progress 
has been on two main lines, the one depending 
on the recognition of crystalline precipitates 
under the microscope, and the other on the 
formation of products of high visibility, usually 
the result of colour, when drops of solution react 
under suitably controlled conditions. 

The first oi these lines of progress, which for 
convenience can be referred to as the Behrens 
tests, was developed much before the other 
(P. I>. C. Kley, “ Behrens-Kley Mikroohemische 
Analyse,” Leipzig and Hamburg, 1916; E. M. 
Chamot and C. W. Mason, ” Handl^ok of 
Chemical Microscopy,” J. Wiley and Sons, 1938), 
but made a greater appeal to the orystallographer 
and to the mineralogist than to the chemist, who, 
partly owing to the unfamiliar technique in- 
volved, made no serious use of the tests in his 


analytical work. The second line of develop- 
ment, usually but unfortunately spoken of as 
“ spot ” tests, has, with its simpler and more 
trustworthy technique, made a wider appeal, 
and has now established itself, although tardily, 
as a part of the equipment of every modern 
analyst. 

The term ” drop reaction ” includes both 
types of test, but there are clear indications that 
the second type will continue to bo preferred, 
and except for a few Behrens tests which by 
their excellence deserve retention, this article 
will be confined almost entirely to drop reactions 
of the second typo. 

The characteristic feature of those tests is the 
formation of a coloured product by means of 
reagents usually organic in nature, and although 
some of the well-known reactions employing 
only inorganic reagents still hold their own, for 
example, the formation of permanganate ion as 
a test for manganese, future development rests 
mainly with the application of organic materials. 

In order to provide a clearer and more definite 
picture of what these tests are really like, three 
examples will be described in some detail. The 
first, for copper, is carried out on filter-paper, 
the second, for zinc, in a small test-tube, and 
the third, for cobalt, in a rai(jro-crucible, or in the 
depression of a white porcelain tile. 

Copper . — A piece of filter-paper is moistened 
with a 1% alcoholic solution of dithioxaraide 
(ru beanie acid), and allowed to dry. One drop* 
of an ampapniacal solution containing copper is 
run from' a glass capillary, of about the diameter 
of thpse used in an ordinary melting-point deter- 
mination, on to the prepared paper. A black 
or greenish- black spot or ring, due to the com- 
plex rubeanate, indicates copper. 

The test can be carried out in a different way. 
One drop of the practically neutral test-solution 
is added to filter-paper, which is then held over 
concentrated ammonia solution. One drop of 
the rubeanic acid solution is superimposed on 
that of the test solution. A black or greenish- 
black spot or ring indicates copper. 

Zinc - -Three or four drops of the weakly acid 
or neutral tost solution are placed in a small 
test-tube (approx. 6x1 cm.), and one drop of 
copper sulphate solution, 01% with respect to 
cupric ions, is added, followed by ten drops of 
ammonium mercuric thiocyanate solution (80 g. 
of mercuric chloride and 90 g. of ammonium 
thiocyanate per litre). If no precipitate forms, 
the solution is boiled for one minute over a 
micro-flame, cooled, and then shaken with 
approximately one ml. of amyl acetate. A violet 
precipitate triple- zinc copper mercuric 

thiocyanateMn^shade depending on conditions, 
collects at tM intej^agl^^^Hwo liquids to 
indicate zinc, 

Cohalt . — One or two drops of the weakly acid 
test solution are placed in a micro-crucible, or 
in a depression of a whits poroel&in drop reaction 
plate. A crystal of ammonidin thiocyanate, or 
five drops of a saturated solutlol| d this sub- 
stance in acetone, is added, sW the whole 
stirred by means of a glass capBhtfy sealed at one 
end. A greenish-blue or blue oolcwr due to the 
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formation of (NH 4 ) 3 [Co(CNS) 4 ], indicates the 
presence of cobalt. 

The above tests are typical of many others 
{see, for example, Chemical Analysis, Vol. II, 
579c), and whilst they are selective, none is 
entirely free from interferences by certain other 
substances which may demand some modifi- 
cation of method. Given as they are, however, 
in their simplest form, they serve to indicate 
I^rocedures that are used in (tarrying out those 
colour reactions on a micro- or semi- micro- 
scale. 

Sensitivity. — Before discussing some of the 
numerous factors on which the sensitivity of a 
test depends, it will be well to give briefly two 
definitions that help to provide the picture of 
what, in more general terms, is known as the 
sensitivity of a test. 

Th% limit of identification is the minimum 
quantity of material that can be clearly revealed 
by any reaction or method, independent of the 
volume involved (F. Feigl, Mikrochem. 1923, 
1, 6 ; idem, “ Specific and Special Reactions 
for Use in Qualitative Analysis, ’ * V^ol. 1, New 
York, 1940, p. 5). The amounts detectable by 
these drop reactions are small enough to make 
g. a convenient unit for numerical expres- 
sion. In this country g. is denoted by the 
symbol /xg., and in America and on the Con- 
tinent by y. 

It will at once be evident that this limit of 
identification is insutficient for the complete 
evaluation of a test. The volume of solution 
that gives a positive reaction is of equal im- 
portance in this respect, and must be taken into 
consideration. Tliis introduces a second defini- 
tion, that of limiting concentration (Hahn, 
Mikrochem. 1930, 8, 75), which is the dilution 
prevailing at a given limit of identification. 
This is expressed either as the actual concentra- 
tion of the soluT/ion under test in g. per ml., or 
as the ratio of unit weight of substance detected 
to the quantity of solvent containing it. Thus, 
to a first approximation, 

Limiting concentration = g. of substance per ml. of 
solvent 

=» 1 : [(volume of solution in 
ml. X 10®)/(llmit of identification in fig.)]. 

Jt will be noticed that these two definitions 
refer to the concentration of the material under 
test and not to the final volume of the solution 
after the reagents have been added and the test 
made. Some investigators prefer to take this 
into account, and accordingly they express 
sensitivity in terms of the weight of material 
detectable in a definite volume, say 10, 5, or 
1 ml., of test solution and added reagent {cf, 
Karaoglanov, Z. anal. Chem. 1938, 114 , 81 ; 
1939, 115 , 305; 1940, 119 , 16; 1942, 124 , 92). 

The sensitivity of a test depends on so many 
factors fhat the procedure used must always be 
made clear, and even so the numerical values 
cited for a given set of conditions are best 
regarded not so much as absolute values but as 
indications of what a test may be exjx^cteii to 
reveal. The data recorded for a reaction are 

* This book is easentially a translation, by E. 

Oesper, of the theoretical part of the 3rd Qeiman 
ei^Ottion of F. Fe %!, Ou^tative Analyse mit Hllfe 
von T<i|)felieaktloneii,*' Leipzig, 1938. 
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reproducible only under adequately controlled 
and uniform conditions, and as these conditions 
will seldom bo identical with those that obtain 
in practice they are not strictly applicable to a 
test carried out in a working analysis. Further, 
the figures given usually refer to the simplest 
and most favourable case, viz. a mixture of the 
material under test with the reagent only and 
with no interfering substances present. Hence 
they are ox)timum values, but in spite of this 
the data are helpful, especially for comparative 
purposes, and serve as useful guides. 

Factors Affecting Sensitivity. — As is to 
be expected, different reactions show different 
sensitivities, and among the many factors that 
markedly affect sensitivity are the nature of the 
reaction product, its solubility and visibility; 
the quantity and colour of the reagent added ; 
the period and method of observation, par- 
ticularly in precipitation reactions ; the presence 
of electrolytes ; the hydrogen ion concentration 
of the solution ; the procedure used ; and the 
personal equation, and often the personal en- 
thusiasm, of the observer. In general, colour 
reactions are more sensitive than precipitation 
reactions, and in the latter low solubility of a 
reaction product is not by itself a guarantee of 
high sensitivity, for the visibility of the product 
plays an important part. Increased visibility, 
resulting from colour, or from extraction by an 
immiscible solvent, often compensates for a less 
favourable solubility-product. It is here that 
organic reagents, with their colour and high 
molecular weight, frequently prove their worth. 
The colloidal state, too, plays an important.part 
in determining the sensitivity of many precipita- 
tion reactions. Excess of added reagent beyond 
(•(‘rtain limits may decrease the sensitivity of 
certain reactions, whilst others, within limits, 
are little affected by this factor.* 

The procedure iised in carrying out a drop 
n^action is important, and from the practical 
standpoint there are certain features that deserve 
mention. For a givcm test it may be said that the 
more confined is the area of reaction the greater 
is the sensitivity obtained, or the more nearly will 
the ultimate sensitivity of the test be approached. 
Thus, a reaction carried out on filter-paper is 
usually more sensitive than that performed in 
a test-tube or on a drop -reaction plate ; *(• a 
local eoiK^entration of the coloured reaction pro- 
duct is effected, with a resultant increase in 
visibility, whicth is helped also by the contrast 
in colour provided by the white background of 
the paper. In the reaction described above for 
copper, the first method gives a better test than 
the second when very dilute solutions are being 
used, for the copper rubeanate is precipitated 
at once before the drop has time to spread, and 

• For a fuller discussion of this Interesting subject 
the reader must refer to F. Feigl, “ Specific and Special 
lieactious for Use in Qualitative Analysis,** Vol. I, 
New York, 1040, and to tliree recent x>apers by 
Karaoglanov {l.e. and KoUoid-Z. 1941, 9^ 43). S<m 
also Benedetti-Pichler and Rachele, Ind. Eng. Chem. 
fAnal.]. 1941). 12 , 233, for experimental study of the 
limit or identifications of test for barium as barium ijul- 
phate and the Prussian blue test for iron. 

t This is not always the case, however ; the starch- 
iodine test for iodide with dilute acid and a nitrite, 
and the hydrogen peroxide test for chromate, are two 
examples of well-known reactions that are more 
sensitive in solution than on paper. 
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the product of reaction is confined to a smaller the well-known Titan Yellow test is more sen si - 
area than it would have been if the drop had tive in presence of calcium salts which, by them- 
been allowed to cover a larger area, as it does selves, do not react (KolthofF, Chem. Weekblad, 
in the second procedure. 1927, 24, 254). 

The slow addition of reagent or test solution Examination of a solution in ultra-violet light 
to the paper is important, especially when a (c/. Got6, Sci. Rep. T6hoku, 1940, 29 , 204, 287 ; 
reaction is being employed near its limit, and in see also J. A. Radley and J. Grant, “ Fluorescence 
this same test adding the copper solution by Analysis in Ultra-violet Light,” London, 1939), 
means of a hair capillary is better than more as in the morin test for aluminium, effecting 
rapid addition from a larger orifice. Greater reaction in capillaries (Thomson, Mikrochem. 
time is thus allowed for the formation of the 1937, 21 , 209; Mikrochim. Acta, 1938, 2 , 280), 
copper rubeanate, and the black product or on desilvered photographic paper (Korenman, 
appears as a small, intense spot which, if it had Mikrochem., 1936, 21 , 17), and collecting traces 
been allowed to disperse over a wider area, of substances from solution by means of induced 
would have been much less definite, or even precipitation before applying a reaction (5ee, 
invisible. for example, Feigl and Rajmann, ibid. 1935, 19 , 

The texture of the paper may be of importance. 60, where traces of titanium are collected by 
Thus in the test for cadmium with “ cadion ” co-precipitation with zirconium arsenate, and 
reagent {see p. 63a) the pink colour obtained is confirmed by the hydrogen peroxide reaction), 
more easily seen when a No. 41 Whatman paper are aU methods that have been used to gain 
is used in preference to a No. 1, a No. 40, or improved sensitivity. 

No. 120, the special drop-reaction paper. Finally, it should be remembered that some of 

The area of a reaction can be confined also by the organic reagents employed do not keep well 
means of a paraffin ring deposited in the fibres in solution for long periods of time. They may 
of the paper, to leave a clear space of known size easily lose much of their effectiveness as re- 
in which the reaction can take place (H. agents, and it is a good rule to use freshly- 
Yagoda, Ind. Eng. Chem. [Anal.], 1937, 9 , 79; prepared solutions from reagents of high quality 
Mikrochem. 1938, 24 , 117). when a reaction is being investigated for the 

Impregnation of thin, close-textured papers first time, or is being used near its limiting 
with reagents of low solubility is another device conditions. 

that gives enhanced sensitivity, again by limit- Specific and Selective Reactions. — Few 
ing the area of reaction. For example, a paper of the drop reactions in use at the present time 
treated with zinc ferrocyanide instead of the are specific in the stmse that English-speaking 
more soluble potassium salt provides an im- people use the word, but in the past a good deal 
proved test for ferric iron. The careful selection of misunderstanding has unfortunately arisen, 
of less-soluble reagents for impregnating drop- partly owing to laxity in expression and a mis- 
roaction paper, combined with the use of apprehension of the implication of the term 
capillaries to minimise spreading, has resulted “ spezifisch,” which German-speaking authors 
in large increases in sensitivity for many familiar use in a wider and different sense, and partly 
reactions (B. L. Clarke and H. W. Hermance, owing to insufficient data on, and investigation 
Ind. Eng. Chem. [Anal.], 1937, 9 , 292 ; 1938, of, the scope of a test {see Theobald, Ohem. Soc. 
10,591). Annual Rep. 1936, 33 , 453; 1937, 34 , 489). 

Extraction with an immiscible solvent may The position has been made clearer by a ruling of 
improve a test ; thus, in the reaction described the International Committee on new Analytical 
above for zinc, shaking the solution with amyl Reactions and Reagents concerning the terms 
acetate collects the purple crystals at the inter- ‘‘ specific ” and “ selective,” and in view of the 
face between solution and organic bquid and importance of using these terms correctly the 
makes them easier to see. This device has been recommendation is quoted at length. “ The 
recently applied by Korenman and co-workers in Committee . . . has decided to differentiate 
** flotational ” reactions for nickel and palladium between specific and selective reactions (and 
with dimethylglyoxime, aluminium with “ alurai- reagents) and recommends this (convention for 
non,” and bismuth with potassium iodide {see general use. Reactions (and reagents), which 
J. Appl. Chem. Russia, 1939, 12 , 1742 ; 1941, 14 , under the experimental conditions employed are 
669; 1940,13,309; 1939,12,1740). indicative of one substance (or ion) only, are 

The presence of salts accumulated during the designated as specific^ whilst those reactions 
preparation of a solution for testing, from, say, (and reagents) which are characteristic of a 
neutralisation of acids or alkalis, or^ from a comparatively small number of substances are 
fusion of insoluble substances with a flux, classified as selective. From this it follows that 
generally depresses sensitivity. In the above it is permissible to describe reactions (or re- 
test for zinc, for example, excessive amounts of agents) as having varying degrees of selectivity ; 
sodium salts should be avoided. There are also on the other hand a reaction (or reagent) can be 
several instances known of the adverse effect of only specific or not specific ” {see Analyst, 1937, 
the presence of ammonium salts. The deliberate 62 , 558 ; Chem. and Ind. 1937, 66 , 635). It is 
addition, too, of certain reagents necessary for desirable that this recommendation should be 
preventing interference by other ions in a solu- carefully followec^ So that in the future false 
tion may have an unfavourable effect, and sub- claims for a reaction and the discrediting of the 
stances that are apparently quite indifferent can test that this entails, will be avoided, 
decrease sensitivity to a marked extent. Such That the need for a fuller investigation of 
substances, however, occasionally improve sensi- many tests and more experimental &ta con^ 
tivity. Thus, the detection of magnesium by ceming them is being realised and met is showii 
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by the critical examinations of certain reactions 
that appear from time to time («ee, for example, 
Newell, Ficklen, and Maxfield, Ind. Eng. Chem. 
[ Anal.J, 1935, 7 , 26, on the cacothelin test for tin ; 
Ficklen, Newell, and J^ike, Z. anal. Chem. 1936, 
104 , 30, on the cinchonino-potaasium iodide 
reagent for biamuth ; idem^ Z. cinorg. Chem. 
1935, 225 , 281, and Mehlig and Johnson, Ind. 
Eng. Chem. [Anal.J, 1940, 12 , 30, on the p- 
nitrobenzcneazoresorcinol test for magnesium ; 
Smith and West, ibid. 1941, 13 , 271, and West, 
J. Chem. Ediic. 1941, 18 , 528, on interferences 
occurring with selected drop reactions ; and a 
scries of critical studios of qualitative reagents 
for cations — an extension of the work of the 
International Committee on Analytical Re- 
ag(mts— by Wenger and Duckert in lielv. Chim. 
Acta, 1941 onwards). 

Selectivity of Reactions. — The selectivity 
as distinct from the sensitivity of a test can 
oft(^n be improved in various ways. For example, 
th(i test for copper with rubeanie acid can, 
witliin limits, be carried out in presence of nickel 
and cobalt by taking advantage of the capillary 
action of tlie paper used. Under suitable con- 
ditions, the black spot due to copper rubeanate 
and the purple and brown rings due, respectively, 
to the nickel and cobalt compounds arc separated 
into distinc't zones due, probably, to a combina- 
tion of adsorption effects with different rates of 
diffusion and reaction of the nickel and cobalt 
in the paper. The same factors make reactions 
on pajjer more sele(‘tive, in general, than those 
done in test-tubes, or in the depressions of a 
drop-reaction plate. 

Treatment with an organic solvent may make 
drop reactions carried out in solution more 
selective, as in the triple thiocyanate test for 
zinc, w here shaking with amyl acetate collects the 
purple crystals at the interface between the two 
liquids and gives both increased selectivity and 
sensitivity. Extraction methods are common, 
too, in react ionf^'involving the use of dithizone. 

The most important method of increasing 
selectivity" is, however, effected by using the 
well-known device of adding fluoride, phosphate, 
citrate, tartrate, cyanides, etc., to “ lock up *’ 
possible interfering substances as complex ions, 
which then no longer interfere with the reaction 
, being used as a test. Thus, in the thiocyanate 
test for cobalt, interference by the red colour 
of ferric thiocyanate is prevented by adding 
fluoride to form with any iron present the com- 
plex [FeFg]"', which does not react. 

It must be remembered, however, that the use 
of these “ masking ” reagents generally in- 
volves a loss of sensitivity, and, in extreme 
cases, may cause a test to fail. To guard against 
the possibility of mistakes being made in the 
practical application of drop reactions to the 
varied problems of applied analysis, it is 
essential to check the validity of a test by means 
of controls. The possible adverse effect of the 
presence of masking reagents on the identifi- 
cation of a particular ion should always be 
ascertained by carrying out an additional test 
under conditions as similar as possible to those 
of the actual test, after the addition of a known 
amount of the ion being sought. Similarly, the 
possibility of a masking agent failing to perform 
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its expected function, owing to the presence of 
other substances in solution, should be checked 
by obtaining a satisfactory negative test in the 
known absence of the ion being sought. For- 
tunately, in dealing with reactions on a micro- 
or semi-micro scale this can easily be done, and 
the test proper and its controls can be run side 
by side with little additional effort and trouble. 

Although much can be done by masking agents 
in the detection of a given ion to ))revent inter- 
ference by other ions that may be present, the 
addition of these reagents should not be regarded 
as an infallible means of avoiding a preliminary 
separation into groups. The desirability of 
making such a separation depends to a large 
extent on the nature of the substance under 
examination, and on the knowledge available 
concerning the known absence or likely presence 
of other substances in it. The tendency to 
make short cuts by avoiding a separation is 
fraught with danger, and is to be deprecated as 
fundamentally unstnmd. Group separations 
are still essential for the complete analysis of 
any but the simplest materials, and a judicious 
combination of these separations and drop 
reactions is probably the goal at w'hich to aim 
in the quahtative analysis of the future. 

Technique and Apparatus. — Technique is 
relatively simple, and requires only a certain 
neatness in manipulation, and scrupulous cleanli- 
ness. Apparatus, too, is simple, and easily 
madd. The chief requirements are small test- 
tubes, a porcelain or glass plate with hemi- 
spherical depressions, small crucibles, glass 
capillaries drawn from tubing or old test tubes, 
glass droppers drawn out at one end to give 
drops, 0'03-0'()5 ml. in volume, glass stirrers 
in the form of capillaries sealed at one end, a 
platinum wire wuth a loop of known size, un- 
glazed porcelain rods for fusions, a micro-burner, 
good quality filter-paper, and a thicker type of 
paper (Whatman, No. 120) made specially for 
these reactions. A hand centrifuge is the most 
expensive piece of apparatus required, but much 
of the work can be done without it, and small 
filters of various types, easily made by a glass- 
blower of moderate skill, can be used instead. 
Special pieces of apparatus, still comparatively 
simple, for applying some tests in the most 
sensitive way are described in various text- 
books on the subject. For the Behrens tests, a 
microscope of low power, preferably fitted with a 
polariser is, of course, essential. The more 
elaborate and exacting technique used in the 
analysis of 1 pg. of sohd material cannot be 
described here, and the original papers (A. A. 
Benedetti-Pichler, Ind. Eng. Chem. [Anal.J, 
1937, 9 , 483 ; 1942, 14 , 813 ; “ Introduction to 
the Microtechnique of Inorganic Analysis,” John 
Wiley and Sons, 1942) must be consulted. 

Many drop reactions, however, can with 
advantage be carried out quite simply on a semi- 
micro-scale without recourse to the more 
elaborate technique demanded by truly micro- 
procedures. 

Sblboted Dbop Reactions. 

Serviceable drop reactions have already been 
described in other articles {see Vol. II, 579c, and 
articles on individual elements). The list that 
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follows has been compiled from the tests difficulty of obtaining the necessary reagents, 
specially recommended by the International which are usually complex organic compounds 
Committee on New Analytical Reactions and not readily available ; others involving organic 
Reagents, and from the writer’s necessarily reagents possess little or no advantage over a 
limited experience of these reactions. No claim familiar, well-tried, and simpler reagent ; for 
is made that a selected reaction is the best avail- example, the thiocyanate test still holds its own 
able ; indeed, the tests for some elements are as a qualitative reagent for ferric ions. Personal 
so numerous that such a claim would be unwise, taste, practical experience, facilities to hand, 
Furthermore, some tests, although doubtless of and the nature of the problem to be solved, will 
value, have not come to the front owing to the determine the analyst’s final choice;. 

Selected Drop Reactions. 

(The tests are described in the alphabetical order of symbols of the elements or groups to 



which they apply.) 


* Value obtained by the writer. 
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Element 
or ion. 


Beagent. 


Keaction. 


Bi 


BO, 


Br' 


Ca 


Cd 


Ce 


cr 


Co 


(a) Cinchonine and 

Kl. 


(b) Thiourea. 


Turmeric, EtOH, 
salicylic acid, HCI. 


(a) PbOjandAcOH 
or Chromic acid. 


(b) Chromic acid. 


(а) Osazone of di- 
hydroxy - tartaric 
acid. 

(б) Ammonium ferro- 
cyanide. 


(а) p - Nitrodiazo - 
a minoazo benzene 
(“ Cadion ’*) 

and NaOH. 

(б) 4 - Nitronaphtha - 
1 e n e d iazoaminoazo- 
benzone-4' - azoben - 
zene (“ Cadion 2 B”). 


Hydrogen peroxide 
and aq. ammonia. 


Solid potassium di- 
chromate, concen- 


(а) a - Nitroso - jS - 
naphthol. 

(б) Ammonium thio- 
cyanate (8olid» or in 
aoetone). 


Orange-red spot. 


Yellow colour. 


Red colour - blue 
with aq. NH3. 


Bromine evolved to 
give red colour 


with fluorescein. 

Bromine evolved to 
restore the colour 
of fuchsin do - 
colorisod by SO 2- 


Yellow precipitate. 
White precipitate. 


Pink spot. 


Red colour. 


Yellow-orange pre- 
cipitate. 


Chromyl chloride 
evolved and de- 
tected as chro- 
mate by the violet 
colour * obtained 
with diphenylcarb 
azide. 


Red precipitate or 
colour. 

Blue colour. 


Limit of 
identiflcatlon. 

References. 

0-1 pg./0'03 ml. 

6 jag./0-03 ml. 

I.T.F.B.A. 

[tSee Ficklen e< al., Z. 
anal. Chem. 1936, 
104, 30.] 

I.S.H.B. 

[Cy. Yoe and Over- 
holser, Ind. Eng. 
Chem. [Anal.], 1942, 
14, 435.] 

()*()2 pg. 

Michel, Mikrochem. 
1941, 29, 63. 

2 pg./0'05 ml. 

I.F.T.B.A. 

3*2 /ig./0 0r> ml. 

I.h.T. 

0 0 1 pg./0-03 ml. 

l.T.h.H.B. 

25 ^g./0*05 ml. 

F.T.C. 

0-01 pg./0'02 ml. 

0-002 pg./0-0125 
ml . 

Dwyer, J. Proc. Aus- 
tral. Chem. Inst. 
1937, 4, 26. 

H. 

B. 

Dwyer, ibid. 1938, 
5, 37. 

0-35 jitg./0-05 ml. 

l.T.F. 

[>See Wenger et al., 
Helv. Chim. Acta, 
1942, 25, 1547, for a 
critical study of re- 
actions for Ce ; and 
idenit ibid.^ 1944, 27, 
1479, for a reaction 
with p-phenetidine.] 

3 /xg./O-Ol ml. 

I.F.T. 

0-01 pg./O’Ol ml. 

I.T.F.S.H.B.A. 

0-6 pg./0*05 ml. 

T.LF.S. 

[iS'cfi Wenger et. al.y 
ibid. 1941. 24, 657, 
for critical study of 
reactions of Co".] 
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Element 
or ion. 

Eeagent. 

Reaction. 

Limit ot 
identification. 

References. 

CO 3 ' 

Dilute sulpliuric acid. 

CO 2 evolved, and 
sodium carbonate 
solution, coloured 
red by phenol- 
phthalein, decolor- 
ised. 

4 fig. 10-05 ml. 

I.F. 

Cr 

(Cr^O/) 

(a) HgOg in weakly 
acid Hohition. 

Blue colour. 

0-5 /xg./0-03 ml * 

I.T. 

Cs 

(h) Diphenyloarb - 
azide. 

Violet colour. 

10 pg./5 ml. 

I.F.T.S.H.B.A. 

[ For Behrens tests see 
1., pp. 270-270, and 

C . ; see also Bene- 
detti-Pichler and 
Bryant, Ind. Eng. 
Chem. 1 Anal.], 1038, 
10 , 107 ; Mikro- 

chern, 1039, 26, 29.] 

Cu 

(a) a-Benzoin oxime 
(“ cupron ”) and 

N H 3 vapour. 

Green spot. 

0-5 pg./0'03 ml. 

l.T.F.H.B.A. 


( 6 ) Dithio - oxamide 
(rubeaiiic acid) and 

NH 3 . 

Black spot. 

0'03 /xg./0-03 ml. 

J.T.F.H.B.A. 

F' 

(a) Alizarin S. zir - 
conium nitrate, and 
dil, HCI. 

Yellow colour. 

O'b p,g./0*03 ml. 

I.F.T.H.B.A. 


(b) Zirconium ^-di- 
me thy la min oazo- 
phenylarsinate. 

Red spot. 

0*1.5 fig. 10-03 ml. 

I.F. 

Fell 

(a) Dimet hy 1 g 1 y- 
oxime, tartrate, and 

aq. NH 3 . 

Red colour. 

0*03 fig./O-OS ml. 

I.F.T.H. 

{See Wenger and 
Duckert,Helv.Chim. 
Acta, 1944, 27, 767, 
for a critical study 
of reagents for Fe“ 
and Fe--.] 


(b) a:a'-Dipyridyl. 

Red colour. 

0*5 pg./5 ml. 

I.F.T.B. 

[See Cronheim and 
Wink, Ind. Eng. 
Chem. [Anal.], 1942, 
14, 447, for use of 
o-nitrosophenol for 
Fe**.] 

Fein 

(a) KCNS. 

Rod colour. 

0*15 /ig./0*03 ml. 

I.F.T.S. 

[See Peters and 
French, ibid. 1941, 
13, 604.] 


( 6 ) K,Fe(CN)e. 

Blue colour or pre- 
cipitate. 

0*1 fig. 10-05 ml. 

I.F.T.C. 

Clarke and Her- 
mance, ibid. 1937, 

9, 292. 


Value obtained by the writer. 
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Element 
or ion. 

Keagent. 

Reaction. 

Limit of 
identiUcation. 

References. 

Ga 

Morin. 

% 

Green lluorescence. 

0*85 /itg./5 ml. 

[In ultra-violet 
light, 0 016 /ig. 
per 6 ml,] 

I 

1. 

[See Sandell, ibid. 

1941, 18, 844, for a 

fluorescence reaction 
with 8 - hydroxy- 
quinoline; see 

Wenger and Duckert, 
Helv. Chim. Acta, 

1942, 85, 699, for a 
critical study of 
reagents for G a * * ‘ 

Hg 

(a) Diphenyloarb - 
azide. 

Violet-blue colour. 

0-1 /Ag./0 03 ml. 

I.F.T.H. I 


(6) Al. 

! Activation. 

/ig./0-05 ml. 

•l.F.T. 

\See Steigmann, 
J.S.C.1.1942, 61.51, 
for a test for Hg’* 
using a photographic 
emulHion.j 

r 

(a) Palladous chlor- 
ide. 

Brownish- black 
precipitate. 

1 /ig./0-0r> ml. 

T.F.T. 


(6) Bromine or potas- 
sium permanganate 
in alkaline solution, 
K 1 , acid, starch. 

Formation of io- 
date, and libera- 
tion of 1 2 by acid 
Kl. Blue colour. 

0-1 /Ltg./() 05 ml. 

F.T. 


(c) 2 n-AcOH, O lN.- 
N a N Oj, and starch. 

Blue colour. 

1*0 /Ltg./0‘03 ml.* 

F. 

K 

1 

(a) Sodium cobalti- 
nitrite (solid). 

Yellow precipitate. 

24 f*g./0 03 ml. 

I.F.T.C. 


(b) Sodium cobalti- 
nitrite (solid) -f aq. 

AgNOs. 

Yellow precipitate. 

! 0*6 /xg./0*03 ml. 

l.F.T. 

Li 

KIO4, KOH, and 
FeClg in 2N-KOH 
(4- NaCI). 

Yellowish - white 
precipitate. 

0*24 /zg./0*03 ml.* 

F. 

Prodke and Uzel, 
Mikrochim. Acta, 
1938, 3, 105. 

Mg 

(a) p - Nitro benzene - 

Blue precipitate or 

0-3 /xg./0'03 ml. 

I.F.T.S.H.B.A. 


azo - resorcinol 
(“ magneson ”) and 

NaOH. 

colour. 

[ 

[See Newell et al.^ Z. 
anorg. Chem. 1936, 
225, 281 ; Mehlig 
and Johnson, Ind. 
Eng. Chem. (Anal,], 
1940, 12, 30.] 


{h) Titan Yellow. 

Red colour. 

0*9 /Ag./0*03 ml. 

I.F.T.H. B. 

[6Ve Otto and Otto, 
ibid. 1941, 18, 65.] 

Mn 

(a) KIO- (H-HNOj 
and 1 ^P 04 ).* 

Reddish-violet col- 
our. 

1 ftg./0‘03 ml. 

I.S.A. 


(6) KIC54 and tetra- 
methyldiazninodi- 
phenylme th an e 

(+AcOH). 

Blue colour. 

, i 

0*003 /*g./5 ml. 

l.F.T. 

Wenger et al.t 
Helv. Chim. Acta, 
1941, 24, 1143, for a 
critical study of re- 
agents for IVln**.] 


♦ Value obtained by the writer. 


VoL. YOT*— 6 
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Eloment 
or ion. 

licagcnt. 

Jtcactiou. 

Limit of 
identification. 

lleforciices. 

Mo 

{a) KCNS and Zn, 
or SnCl 2 -. 

Na2®2^8’ 

Red colour. 

0*1 /ig./d-dr) ml. 

l.F.T.A. 


(/>) Potassium xan- 

Reddish-violet col- 

0-04 p-g./O-Of) ml. 

J.P. 


thate. 

our. 


[See Rice and Yerkes, 
ll.H. Bur. Mines, 
Rept. Invest. 8328, 
1987, p. 87, for 
critical study of re- 
actions for Mo.] 

Na 

(a) M a g n c s i u in 
uranyl aoetato. 

Yellow preeifiitate. 

250 /ig./5 ml. 

I.C.T. 

[See J ienedetti -Pichler 
el at., Mikroehemie, 

1989, 26, 29.] 


(h) M a g n c s i u ni 
uranyl acetate-} al- 
cohol. 

VidloAv precipitate. 

O-tKl pg./5 ml. 

T.r.T. 

\See. also Oaley arid 
Rogers, Ind. Fug. 
CTem. [Anal.], 1948, 
15, 82.] 

Nb 

Tannin (weakly acid 
o.\:alate solution 

TNH^Cl). 

Red precipitate. 

05 pg./o ml. 

1 . • 

W. R. Schoeller, ‘ An- 
alytical Chemistry 
of Tantalum and 
Niobium,” London, 
1987. 

NH^- 

(a) 8 0 d i u m h y - 
droxide. 

Red litmus jiaper 
turned blu(‘ by 
gas c^volvcd. 

0-01 pg./0-05 ml. 

l.F.T. 


(/>) Potassium mer - 
curie iodide (“ Ncss- 
ler's reagent”). 

Yellowish-red pre- 
cipitate. 

0'26 pg./5 ml. 

l.T. 

Ni 

(a) J) i ra e t hyl g ly- 
oxime (4- citrate and 
aq. NH/. 

Red precipitate or 
spot. 

0-1 pg./0'0,‘l ml. 

l.F.T. H.B.(^. 


(h) Dithio - ox amide 

Purple precipitate | 

2 '5 pg./5 ml. 

l.F.T.H.B. 


(Rubeaiiic a(‘id). 

or spot or ring. 

or 

0 005 pg./()-05 ml. 

1 For critical review of 
reagents for Ni”, 
see Wenger el «/., 
Hclv. Chirn. Ai'ta, 
1941, 24, 889.] 


(c) cyrioHexane-1 : 2- 
dione dioxime. 

Red precipitate* or 
colour. 

O-l Mg- 

1. 

Wenger ct aL, l.c. 

NO/ 

a-Naphthylamine and 
sulphanilic acid. 

Red colour. 

0-006 Mg-/0-oa ml. 

l.F.T. 

NO/ 

(a) Zn+a - naphthyl- 
amine and sulphani- 
lic acid. 

Red colour. 

0-05 Mg-/0-06 ml. 

l.F.T. 


(6) S o d i u m li y - 
droxide, and A I, Zn, 
or Bevarda’s alloy, 
litmus paj3er. 

Ammonia evolved, 
*and blue colour of 
litmus paper. 

10 /ig./0-05 ml. 

F.T. 

Pb 

(a) Diphenylthiocarb- 
azone (“ Dithizone ”) 

Red colour. 

0-08 Mg-/01 ml- 

I.F.T.S.H.B. 


(6) Copper acetate, 

KNOj, NaOAc, 
AcOH. 

Black, cubic cry- 
stals. 

0-2 fig-IO-Ol ml. 

l.c. 
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Element 
or ion. 

KeaKcnt. 

Rei.n'tion. 

Limit of 
i<lpntiti(rati<)U. 

References. 

Pd 

{a) Uimeihylgly- 
oxime. 

(6) Dimethylamino- 
benzylidenerho d- 
aninc. 

(c) See below, Pt 
metals. 

Y ellow prec ipi tale . 

Red-violet preeipi- 
tate or spot or 
ring. 

()*0025 /tg./()-03 
ml. 

l.E.O.T.H.B. 

l.E. 

PO/" 

Ammoninni molyb- 
date and benzidine 
( h NaOAc) 

Blue e()le)ur, sj>ot or 
ring. 

0-04 p.g./0'()3 ml. 

I.E.T.A. 

[See West and Hoiit- 
rnan, Tnd. Eng. 
(yhern. [Anal.], 1942, 
14, 597, for inter- 
ferences.] 

Pt 

Potassium iodide*. 

He'd e e)lour. 

O o ^/g./(l-()3 ml. 

I.T. 

pt 

metals. 

Nickel acel-ate, and 
sodium hypophos- 

])liite. 

Black pr(*eipi1at(* ot 
Ni dm* to aces'le- 
raleel reduction. 


l.K. 

(xSVe Fraser, Amer. 
Min. 19:?7, 22, 1016, 
for Belirens tests. [ 

Re 

tStannouH chloride* and 
sodium tell urate 

( f HCl). 

Blaek ])recipitatc. 
dm* te) catalysed 
r e d u c t i 0 n 0 f 
TeO/'. 

0-01 /u.g./0-().3 ml. 

1. 

1 See Wenger et ah, 
ilelv. Oliim. Acta. 
1942, 25, 599, for 
c'ritical study of the 
reactions of Re”' 
and Re04'. 1 

Ru 

(a) Dithio - oxamide 
(Rubeanic aend). 

(/>) See Pt metals. 

Blue* colour. 

(1-2 /jtg./0*02 ml. 

I.F. 

S 

(as Iree 
sulphur). 

Pyridine*, and 2 m - 
NaOH (or saturated 
aep NagCO.^). 

Br<.)wn - 5 ^ green — 
bluti colorations 
(or shades of blue*). 

2 ^cg./l ml. 

80 m mer, Ind. Fng. 
Phem. [Anal.], 1940. 

1 12 , :m. 

1 

S', 

(S2O3", 

CNS', 

but not 
free S). 

Sodium azide, iodine*, 
and KI -. 

Nitrogen evolved 
(catalytic action). 

B 00 r)pg./()-(Ki ml. 

I.F.T. 

Sb 

R h 0 d a in i n e H 

(+HNO2). 

Yiolet cole^iir or pre*- 
eipitate. 

()•/> /^tg./5 ml. 

l.T.F.B.A. 

[NVe Frederick, ibid. 
1941, 13, 922, and 
8 cott and Robins, 
ibid. 1942, 14, 206.] 

Se 

(a) Potassium iodide. 

(b) Thiourea. 

Red - brown preeipi - 
tate or spot. 

Red precipitate or 
colour. 

1 p.g,/()-()2r> ml. 

J.F.T. 

I.T. 

SniT 

(a) D i m e t hylgly- 
oxime, ferric chlo- 
ride, tartrate or ci- 
trate, aq. NH 3 , 

(h) Cacotheline. 

Red colour. 

Red-violet colour. 

0*06 /xg./5 ml. 

0-12 ^g./0-03 mi. 

I.T. 

I.F.S.H.B.A. 

[NVy Newell et al.. 
ibid. 1935, 7, 26, for 
a critical study.] 
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Element 
or ion. 

Reagent. 

Reaction. 

Limit of 
identification. 

References. 

Sn 

(c) HCI and Zn. 

Bunsen flame col- 

IMg. 

K. 

(as metal 

oured blue. 

l/See Kuznetzov, J. 
.^ppL Chem. Russia, 
1940, 18, 769, for a 
colour reaction for 
Sniv.i 

Sr 

Sodium rhodizonato. 

Brown spot, de- 
colorised by dilute 
( 1 : 20 ) HCI. 

0-3 jag./0-03 ml. 

l.F.T.S.B.A. 

Ta 

Tannin (weakly acid 
oxalate solution 

+ NH 4 CI). 

Y cllo w precipitate 
or colour. 

200 /ig./5 ml. 

I. 

W. R. Schoeller, “An- 
alytical Chemistry, 
of Tantalum and 
Niobium,” London, 
1937. 

Te 

Thiourea. 

Yellow precipitate 
or <-olour black 

with ether a,q. 

NH 3 . 

O-Of) /xg./5 ml. 

I. 

Th 

(a) 8 -Hydroxyquino- 
line in EtOH or 
COMej. 

Yellow-orange red 
precipitate. 

3 /ig./0-5 ml. 

1 . 

Wenger and Buckert, 
Helv. Chim. Acta, 
1942, 25, 1110. 


( 6 ) HjOj, NagSjO,, 

BaClg, O In-AcOH. 

White precipitate. 

0-5 ng-li ml. 

Wenger and Duckert, 
ibid, 1942, 25, 1130. 

Ti 

(a) HgOj and dil. 

! H 2 SO 4 . 

Yellow-orange col- 
our. 

12 iig.lO-m ml. 

I.P.T.A. 


(/i) Di hydroxy maleic 
acid. 

Red -brown colour. 

1 /tg./.') ml. 

T. 


(r) Chromotropic acid. 

Violet colour. 

0-1 /ug./0-a5 ml. 

I.F.R.A. 

Tl 

(rtf) Potassium iodide. 

Yellow precipitate. 

O'O /ig./0-0.5 ml. 

I.F.T.C. 


(/>) Phosphomolybdic 
acid and HBr, 

Blue (toloiir. 

010 ng.lO-OZ ml. 

l.F. 

UOa * 

K4Fe(CN)e. 

Brown precipitate 
or colour. 

O-.W ng./0-03 ml. 

I.F.T. 

{See Wenger et al.„ 
ibid. 1945, 28. 291, 
for critical study of 
the reactions of 

uo^-.i 

V 

(a) Hydrogen per - 
oxide ( + HNO 3 ). 

Red -brown colour. 

1-6 ng. 10-03 ml. 

I.F.T.A. 


(b) Dimethylgly - 
oxime, ferric chlo- 
ride, and aq. ISl Hg, 

Red colour. 

0-6 ng.lO-03 ml. 

l.F.T. 

W 

Stannous chloride 

and HCI 

Blue precipitate or 
colour. 

3 itg.jO-03 ml. 

I.F.T. 
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Blemoiit 
or lou. 

Reagent. 

Reaction. 

Limit of 
identification. 

References. 

Zn 

(a) Ammonium mer- 
curic thiocyanate, 
copper sulphate (ex- 
tract with amyl ace- 
tate). 

Violet precipitate. 

3 /ug./()*03 ml. 

I. 8 .C. 


(6) “ Dithizone ” in 

CCI 4 . 

Red coloration. 

0-03 pg./0'03 ml. 

l.F.T.H. 

[/See Wenger and 
Duckert, ibid, 1942, 
25, 406, for a study 
of reagents for 

Zn-.J 

Zr 

(a) 4-DimethylaminO‘ 
azobenzone - 4' - ar - 
sinic acid ( + HCI). 

Brown spot. 

()'06 pg./0-03 ml. 

l.F.B.A. 


(/j) Alizarin (-fdil. 

HCI). 

Red -violet precipi- 
tate or colour. 

()-3 /xg./0 ()3 ml. 

I.F.H. 


Key to References. 

I. “ Tables of Reagents for Inorganic Analysis.'* First Report of the International Committee on now 
analytical reactions and reagents. Leipzig, 1938. 

(Deals with new reagents discovered from the end of 1910 to the end of 1936, and some of the older 
reagents. References are as complete as possible to the end of 1936. Data given include method of 
executing a test, reaction observed, limit of identiilcation and limiting concentration, and interferences 
by other components. A special feature is the retrommendation of the most suitable and trustworthy 
tests.] 

F. F. Feigl, “ Qualitative Anaiysi; init Hilfe von Tiipfelreaktionen," 3rd ed., Leipzig, 1938. ITranslations : 
Theoretical Part, “Specific, and Special Reactions for Use in Qualitative Analysis,” New York, 1940: 
Practical Part, “^Spot Tests,” New York, 1939 ; “ Laboratory Manual of Spot Tests,” New York, 1943.] 
T. F. P. Treadwell and W. T. Hall, “ Analytical Chemistry,” Vol. I, Qualitative Analysis, New York, 1937. 

C. B. M. Chamot and C. W. Mason, “ Handbook of Chemical Microscopy,” New York, 1938. 

S. N. Strafford, “ Detection and Determination of Small amounts of Inorganic Substances by Colorimetric 
Methods,” Royal Institute of Chemistry, London, 1933. 

H. Hopkin and Wiluams, Ltd., “ Organic Reagents for Metals and for certain Acid Radicals,” London> 1943. 

B. British Drug Houses, Ltd., “ B.D.H. Book of Organic Reagents for Analytical Use,” London, 1941. 

A. Articles on Drop Reactions (“ Spot ” Tests) and Colorimetry, Vol. II, 579a and Q(i9b, respectively. 

References to the literature are well covered by the above-mentioned works. Additional references have been 
added to the table. Some of the articles on Analytical Chemistry in the Annual Reports of the Chemical Society, 
London, review recent work on the subject. I. Mellan, “ Oi^anic Reagents in Inorganic Analysis,” Philadelphia, 
1941, contains much information relating to drop reactions, with numerous references to the literature oon- 
cemlM each reagent. A brief review of the subject is given by Feigl, Organic Reagents in Organic Analysis,” 
Ind. Bng. Chem. [Anal.], 1936, 8, 401. Drop reactions of special interest theoretically are described and dis- 
cussed in three recent articles by Feigl, J. Chem. Educ. 1943, 20, 137, 174, 240, 298 ; 1944, 21, 294, 347, 479 ; 
1045, 22, 36, 342. 

The table above contains no reference to the interferences to which a test is subject. Many 
of these will be found mentioned in the works referred to, and particularly in the special refer- 
ences given in the last column of the table. Any attempt at tabulating interferences to single 
tests would have been only misleading, and hence has l>een omitted, it must bo remembered, 
however, that these interferences are often numerous, and whenever uncertainty exists the wisest 
course of action is to check the validity of a test at the time it is made* by means of a control or 
blank experiment wrformed under conditions as nearly as possible identical with those under 
which the test itself is carried out. 


Applications to Practical Problems, 

A glance at Feigl’s book on “ Tiipfelreak- 
tionen ” will show how many and varied are the 
uses to which drop reactions can be put in the 
investigation of technical problems, and how 
wide is the field that these problems cover. 
Only a brief review of some of these applications 
can be attempted here, but this will serve to give 
an idea of their scope and interest. 

Qualitative and Quantitative inorganic 
Analyses on a Macro-scale. — ^In ordinary 
macro-analyses drop reactions provide admirable 
confirmatory tests after the main separations 
into groups and sub-groups have been effected. 
The dnchonine-potiiisium iodide test for bis- 


muth, the Rhodamine-B test for antimony, the 
“ cadion ” test for cadmium, and the “ mag- 
neson ” test for magnesium, to mention a few, 
are good examples of this. Drop reactions can 
also be made to deal very successfully with the 
smaU precipitates, due possibly to faulty methods 
of separation, that so often are troublesome in 
an ordinary analysis. They have been used, too, 
for identifying the “ insolubles ” of chemical 
analysis {aee Feigl, Mikrochem. 1936, 20, 198; 
and F., p. 366), for detecting acidity and 
basicity in slightly soluble materials (Fei^ et cd., 
Ind. Eng. Chem. [Anal.], 1942. 14, 316, 619). 
and for testing the purity of chemical reagents. 

In quantitative work they serve in examining 
filtrates for completeness of precipitation, and 
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for the eoniamiiiation of precipitates by eo- 
jirecipitated ions. 

Qualitative Inorganic Analysis on 
Micro- and Semi-micro-scales. — Several 
schemes I’or the systematic analysis of small 
amounts of material on the micro-scale have 
been known for Bome time (m' F., p. 350; T., 
Vol. I, p. 493 ; and C. J. Erigclder, T. H. 
Dunkelberger, and W. d. Schiller, “ Semi-micro 
Qualitative Analysis,” New York, 1930), and 
the more recent work includes a series of investi- 
gations for the separation of cations into groups, 
their identification, and i^stimation on a milli- 
gram-scale (Bent‘detti-Pichler and co-workers, 
Mikroehern. 1930, 19 , 239; Mikrochem., Molisch 
Festschr. 1930, 3 , 30; Ind. Eng. (hem. [Anal.], 
1937, 9 , 589 ; 1938, 10 , 107 ; 1939, 11 , 1 17, 294; 
Mikrochem. 1938, 24 , 10), the separations being 
based mainly on those of A. A. JNoyes and W. C. 
Bray (“A System of Qualitative Analysis for 
the Rare Elements,” New York, 1927). Ry 
means of a special technique (Benedetti- 
Pichler ef aL, Ind. Eng. Chem. [Anal.], 1937, 9 , 
483; 1942,14,813; 1943, 15 , 227) separations 
for the qualitative analysis of 1 /xg. of solid 
material are being investigated. 

The various Noyes- Bray groups are also being 
put on a semi-micro-scale (Miller and Lowe, 
d.O.S. 1*940, 1258, 1203; Miller, ibid. 1941, 72, 
780; 1943. 72). In all these schemes, drop 
reactions play an essential part. (Sec aho 
Dobbins el al., J. Chem. Educ. 1939, 16 , 94 ; 
Dobbins and Southern, ibid. 1942, 19 , 479, for 
other, less complicated, separations.) 

Mineralogy and Petrology. — The mineral- 
ogist, and the geochemist are often faced with 
the problem of identifying small quantities, 
sometimes only tiny jjarticles, of opacjue 
materials for which microscopical examination 
gives little or no help. Here the discriminating 
use of drop reacd-ions often serves to identify the 
constituents of the rock or mincTal, and even 
when valuable information has been obtained 
by petrological examination, drop reactions can 
frequently provide a quich and easy means of 
establishing the presence of certain elements in 
many types of rock, ore, and mineral {see Feigl, 
l.c. ; Watson, Min. Mag. 1935, 24 , 21). The 
Behrens tests are popular with some mineral- 
ogists, particularly American {see M. N. Short, 
” Microscopic Determination of Ore Materials,” 
lbs. Geol. Survt^y, Bulletin 914, 1940), and a 
selection of tests suitable for determinative 
mineralogy has been made (Staples, Amer. Min. 
1936, 21 , 613). 

Recent develoj)ments in the contact-print 
method for the determination and localisation of 
metallic minerals (Gutzoit, Amer. Inst. Min. Met. 
Eng. Publ., 1942, No. 1457) arc of interest. In 
this method, gelatin-coated paper is impregnated 
with a suitable attacking reagent, pressed on the 
polished surface of the mineral specimen, and 
then removed for development in a reagent that 
is selective for the desired constituent. The 
elements in a polished surface can thus be 
identified and located by colour reactions with 
little or no damage to the specimen. The 
method is reminiscent of that used for the 
location of phosphate in a rock by means of 
ammonium molybdate and benzidine (Feigl, 
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/.c.), and for the identification of mineral 
particles that cannot be recognised by micro- 
scopical examination (Rey and Zeicher, Bull. 
Soc. chim. Bolg. 1937, 46 , 173; see also Yagoda, 
“ Analytical patterns in the study of mineral 
and biological materials,” Ind. Eng. C^hem. 

I Anal.], 1943, 15 , 135; and Yagoda, “ Localisa- 
tion of copper and silver sulphide minerals in 
•polished sections by the potassium cyanide otdi 
pattern,” Amer. Min. 1945, 30 , 51). 

Metallurgy. — Of the many appli(‘ations of 
these drop reactions to metallurgy, which range 
from reactions on the surfa(‘e of the meta l {see, for 
example, Evans el al.. Analyst, 1945, 70 , 15) to 
comph’ite dissolution and systematic analysis of 
tlu‘ sample or the search for one particular 
constituent or impurity, one example will be 
given, as it typifies the (combination of electro- 
chemical technique with cofjur reactions. In 
this “ eloctrographic ” method, the metal or 
alloy is made the anode, and graphite or a suitable 
metal the eathode, whilst filter-})aper moistened 
with an electrolyte and tine reagent giving the 
'olour reaiTion (completes the chi'uit betiWeten 
the electrode's. On passing a small current for a 
few seconds or less, the metal dissolves ariodically 
and reacts with the reagent in the paper to give 
the identifying colour. In this way, chromium 
has Ix'cn rei^mtly detected in stainless steels, in 
alloys, and in j)lating by the hydrogen-peroxide 
t(cHt (Calamari, Ind. Eng. Chem. fArial.J, 1941, 
13 , 19), and molybdenum in steel alloys by the 
thiocyanate-stannous (‘hloride reaction after 
precipitation as lead molybdatt* {idem et al,, 
ibid. 1943, 15 , 71 ; see also F., p. 481, and 
Hunter, Churchill, and Mears, Metal Frogress, 
1942, 42 , 1070; the electrographic metluxl has 
also been applied to minerals). The method is 
veiy quick to carry out, and does little or no 
damage to the specimen. {See also Niessner, 
Angew. (hem. 1939, 52 , 721 ; Lerner, Ind. Eng. 
(hem. [Anal.], 1943, 15 , 416, for detecting gold in 
plating). 

Other Applications. — As examples of recent 
lapplications showing the steady extension of 
these reactions in many fields, mention can be 
made of the identification of drugs (Rojahn el al,^ 
Pharm. Zentr. 1937, 78 , 81, 127, 146), the detec- 
tion of traces of nickel carbonyl in oils and gases 
by its reactions with diniethylglyoxime ^nd 
dithizone (Steiger, Mikrochem. 1937, 22 , 216), 
tluj^ distribution of injected heavy metals in cell 
tissues and in the (Hdl contents of plants (Prat, 
Mikrochem., Molisch Festschr. 1936, 342), or 
that of chlorides on the surface of wood or con- 
taminated fabric (Lennox, fl. Proc. Austral, 
(hem. Inst. 19.36, 3 , 313), the recognition of pig- 
ments from paintings without damage to the 
latter (August!, Mikrochim. Acta, 1938, 3 , 239), 
and the detection of the solubility corrosion of 
metals by sea-w^ater (Atkins, Trans. Faraday 
Soc. 1937, 33 , 431). In criminology, too, there 
is clearly a large field of application. 

Finally, wide and growing use is now being 
made of these reactions in the qualitative 
analysis of organic substances (Feigl, l.c.). 

Conclusion. — The study of drop reactions 
with their utilisation of organic compounds in- 
volves much that is of theoretical interest on 
subjects such as co-ordination compounds, the 
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sensitivity of chemical reactioils, their masking 
by different reagents, and their enhancement by 
the catalytic action of certain substances, the 
activity of certain atomic groupings towards 
different ions, and the effect that capillary 
phenomena have in chemical processes, whilst 
on the practical side these reactions provide a 
valuable analytical weapon for attacking with 
relative ease problems that could be solved by 
the older methods often only with difhciilty and 
much uncertainty. 

L. S. T. 

MICROCHEMICAL OPERATIONS. 

Sublimation.' — Sublimation is useful in the 
purification, separation, and identification of 
organic compounds. Tbider suitable conditions 
many organic compounds, including glucosides 
and amino-acids, sublime to give characteristic 
sublimates, which may frequently bo used to 
identify a substance that decomposes below its 
melting-point. A minute crystalline 
sublimate may be used for micro- 
melting-point determinations. 

The best crystalline sublimate is 
obtained when its formation is slow, 
and the cooling distance is small, the 
temperature of the receiver being only 
a few degrees lower than that of sub- 
limation. 

In kSolty’s apparatus (Fig. 1), the sublimation 
is carried out in a stream of air, and the sub- 
limate is filtered from blown particles by passing 
through a wall of coarsely fritted glass, and 
received on a condenser through which water is 
circulating. The sample may be placed in a 
small boat in the right half of the tube, or on 
the glass walls of the apparatus, which is 
lu‘ated in a metal block ; the temperature of 
sublimation is read on a thermometer inserted 
in the block. This apparatus may bo used under 
either ordinary (jr reduced pressure, and is useful 
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for preparing large samples of sublimate (5-15 
mg.) for subsequent quantitative analysis. 

Eder’s apparatus (Fig. 2) is adapted for the 
sublimation of very small amounts of material 
for microscopic examination and for melting- 
point d(*t(‘rminations under the microscope (Eder 
and Haas, Microchem., Emich Festsdirift, 1930, 
43). The sample (0-1 mg. is sufficient) is placed 
I in the bulb in the bottom of the tube and heated 
in a suitable bath ; the sublimate is formed on 
the underside of the cover-slip, which should be 
only a fe\\ mm. above the surface of the heating 
bath, in ordtT to ensure good crystal formation. 
It is obvious that the heating must be carried 
out very cautiously and slowly, or the sublimate 
will disappear, as tlie cooling range is only a few 
degrees. With this apparatus very low pres- 
sures may be used, ami it is especially suited for 
use wdth substances of which sublimation is 
difficult, c.f/., hydroxy proline. There is no 
definite “ sublimation temperature,” and the 
required temperature can only be defined em- 


pirically according to the apparatus and the 
conditions. 

Sublimation may also be ( arried out under 
the microscope, any type of melting-point block 
designed for the microscope stage being used. 
It i.s not generally satisfactory to use reduced 
pressure, but the (‘xtremely short cooling 
distance (about 0*5-3 mm.) aids the formation of 
good crystalline sublimates. When the melting- 
point block (Fig. 3) is used, the receiver is often 
placed on the top surface of the block, but two 
cover-slips separated by thin strips of glass may 



Fig. 1. 



be used, one above the other, for material and 
sublimate. Only very small samples should be 
used in this apparatus ,* about 30-50 /xg. of 
impure material is ample, or a few small crystals 
of fairly pure material. 

Determination of Melting-Point. — ^The 

method of melting-point determination under 


the microscope offers the advantages that all the 
accompanying phenomena are observed, and 
even substances which decompose before melting 
may bo identified by the appearance or melting- 
point of their decomposition products. 

There are a large number of different designs 
for heating blocks suitable for the microscope 
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stage. Electrical heating is the most effective 
and an accurate thermometer is preferable to a 
thermoelectric couple for reading the tempera- 
ture. Blocks may be constructed for use with 
either reflected or transmitted light ; the latter 
has the advantage that polarised light may be 
used, in which case anisotropic substances dis- 
appear from view at their melting-point, owing 
to the formation of an isotropic liquid. As a 
very largo number of substances are doubly 
refracting, this type of block renders the reading 
of the melting-point very simple. 

A block may be constructed in any efficient 
workshop. Fig. 3 shows a home-made block 
(H . V. A. Briscoe and J. W. Matthews, “Micro- 
chemical Methods suitable for General Analytical 
Practice,” Royal Institute of Chemistry Lecture, 
1934) for use with transmitted light. A good 
thermometer, preferably very short, to obviate 
stem correction, is inserted in the hole in the 
top, a drop of mercury ensuring perfect (contact. 

Fuchs (Mikrochim Acta, 1937, 2, 317 describes 
a heating- block of polished coppt'r, for use 
with reflected light, which has a circular 
built-in thermometer and has the advantage 
that the melting of the sample and the thermo- 
meter may be observed simultaneously, one eye 
being used for each. The crystals to be ob- 
served are placed on a small polished blac k plate 
on the blo<ik. 

In aU types of electrically heated blocks the 
speed of heating is regulated by an external 
resistance. At first the rate may 1()-20 °o. 
per minute, until 10-1.5\\ below the melting- 
point, when the rate is reduced to per 
minute. Very volatile substances should be 
heated rather more rapidly in the region of their 
melting-point, to avoid sublimation. The 
crystals under examination are heated between 
two extremely thin cover-slips. Melting-points 
below 200°c. may be read with an error not 
exceeding ±1° (±2° above 2()0^c.). 

A simple and accurate design for a melting- 
point apparatus consists of a thermometer with 
a flat-sided bulb on which are placed the crystals 
under observation; this fits in a metal block 
which is heated either electrically or by means 
of a small burner. 

Determination of Boiling-Point. — Boiling- 
point determinations may be carried out by 
Emich’s method (F. Emich, “ Microchemical 
Laboratory Manual,” trans. by F. Schneider, 
Chapman and Hall, 1932) with very simple 
apparatus (Fig. 4) ; a capillary tube of about 
1 mm. bore is drawn out to a hair-fine capillary 
at one end (Fig. 6). The liquid under examina- 
tion runs up the capillary tube when the hair-fine 
tip is inserted into it, filling it to a length of 
about 1~2 cm. The tip is then rapidly sealed 
in such a way that a small bubble of air is 
enclosed below the liquid. One or more of such 
tubes are then fixed, with a drop of liquid, on a 
microscope slide which is attached by a rubber 
band to a thermometer and immersed in the 
heating bath. On heating, the bubble expands 
slowly until the boiling-point is reached, when 
it suddenly increases in volume, driving the drop 
of liquid to the level of the surface of the bath. 

Extraction. — ^A number of different types of 
micro-extraction apparatus have been devised,. 


usually with some particular problem in view, 
or for use with the type of microbalance avail- 
able. Gorbach’s apparatus for |the extraction 
of fat was specially made for use with the 
torsion microbalance of small load capacity. 
As this balance is a rarity, the Titus and 
Melocke extractor, for use with an ordinary 



micro balance of the type used by Pregl, is of 
more general application (Ind. Eng. Chem. 
[Anal.], 1933, 5, 286). It is a micro»Soxhlet 
extractor, designed originally for the determina- 
tion of the ether extract of lake-water residues 
prepared by the evaporation of known volumes 
of water. Its efficiency as a fat extractor, 
as tested by (‘omparison with the Soxhlet macro- 
extractor, is shown in the Table below. 


Sample. 

Macro, %. 

Micro, %. 

Dry skim milk . 

0-08 

0-07 


008 

009 

Casein 

010 

016 


01,5 

0*19 

Feed sample 

50 

6-43 



5*43 


Typical results obtained in the extraction of 
lake- water residues are given below. 


Sample. 

Weight of 
sample, mg. i 

Weight of 
extract, mg. 

%. 

1 

16-671 1 

0-164 ! 

1-06 


12*786 

0-188 ! 

1*08 

II 

14-903 

0*219 

1-47 


13*800 

0*206 

1-49 

HI 

10*603 

0-037 

0*86 


18-606 

0-060 

0-87 
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Determination of Critical Tempera- 
tures. — ^As small sealed tubes can witkstand 
kigh pressure, a medium -thick capillary tube is 
all that is necessary to determine the critical 
temperature of a liquid, such as nitrobenzene. 
The capillary is drawn out to a small solid handle 
at one end and to a hair-fine capillary at the 
other; the capillary is half filled with nitro- 
benzene and sealed. The tube is suspended in a 
suitable liquid contained in a small strong- 
walled test tube, and heated. At the critical 
temperature a fog is formed inside the capillary 
tube, the pressure developed being about 40 atm. 
The critical temperature of carbon dioxide may 
be determined similarly, b\it the capillary tube 
^ must be cooled in asbestos wool soaked in liquid 
air during filling, and the gas passed in through 
an all-glass lead, which is severed by fusion at 
the hair-fine capillary when sufficient carbon 
dioxide has been condensed. 

Filtration. — The Emich “filter-stick” 
method is the best known of the available micro- 
methods for filtration. Two types of filter- 
stick are shown in Fig. 6; that on the left is 



made of glass, porcelain, or platinum, with the 
filter medium of sintered glass, unglazed porce- 
lain, and spongy platinum, respectively; that 
on the right is suited for rather smaller precipi- 
tates, and has the advantage that it can be 
constructed in the laboratory. It is made of 
glass and the filtering substance is a small wad 
of asbestos. To prevent this clogging the 
capillary during suction, a small twist of hair- 
fine platinum wire is pressed in before the 
asbestos wad is put in place. 

The filter-stick is designed for filtration by 
suction, upwards. Some of the precipitate re- 
mains on the walls of the beaker containing the 
precipitate, and some adheres to the filter. In 
gravimetric work this is immaterial, since both 
beaker and filter stick are weighed together, but 
in preparative work it is convenient to transfer 
the precipitate from the filter stick into the 
original vessel. A small snipe-feather may be I 
used for this purpose if necessary. This method 
of filtration is very convenient when recrystal- 
lisation is to be carried out, for the filter stick 
may be heated inside the beaker with the desired 
amount of solvent, and the solution can be 
filtered hot into any suitable type of vessel 
placed inside the filter fiask (usually a boiling 
tujbe with a side-arm). 


Filter sticks are suitable for collecting 1-50 
mg. of precipitate. Where larger amounts are 
to be filtered, either the large model of filter 
stick, with a diameter double that of the usual 
type, or the type of filter (as in Fig. 7) due to 
Pregl, and used by him in the filtration of silver 
halides, is advisable. The sintered glass Pregl 
model (right) is more generally useful and may 
be employed for precipitates weighing up to 
500 mg. All the precipitate is retained on the 
filter, but it is advisable not to pour in the liquid 
but to use the weU-knowii Pregl method of 
transferenc^e. 

Extremely small amounts of crystals may be 
filtered by the methods of inorganic qualitative 
microanalysisf the operations being carried out 
on a microscope slide. When the crystals are 
sufficiently large and the supernatant liquid 
clear, the latter may be removed without suction 
by means of a small pijxitte made out of 1 mm. 
capillary tubing drawn out to a hair-fine 
capillary at one end. Where the crystals are 
not so well formed, it is advisable to use a 
capillary tube cut off evenly at one end, over 
which is fitted a small piece of filter paper. The 
capillary is held vertically and slid very gently, 
sideways, into the drop containing the precipi- 
tate ; the liquid runs up the capillary with no 
suction. If the precipitate only is needed, and 
not the filtrate, a small sharp-sided piece of 
filter paper can be used to suck away the filtrate 
and push all the particles of precipitate into a 
convenient heap on the microscope slide. By 
these means it is very easy to work with ex- 
tremely small amoimts of some new preparation 
80 that sufficient may be obtained for melting- 
point determination, and valuable information 
can be obtained before repeating a preparation 
on a scale sufficient to yield the 10 mg. necessary 
for a complete (|uantitative microchemical 
analysis. 

Centrifuging. — The centrifuge merits a place 
in every properly equipped chemical laboratory, 
and is essential in smafi-scale preparative work. 
Any type of centrifuge may be used, from a 
simple hand- or water-driven model to a liigh- 
power electric centrifuge. The great advantage 
of centrifuging is that no transference is neces- 
sary, and there are no accompanying losses. 
Micro-centrifuge tubes may be of any shape 
adapted to the work in hand ; the usual type is 
made to hold 2-5 ml. of liquid and is drawn to 
a tip at the bottom, so that a very small preci- 
pitate can be examined. The diameter of the bore 
at the narrow end can be varied, but semi- 
quantitative work is made possible by measuring 
and comparing the heights of similar precipitates 
in the narrow ends of centrifuge tubes of equal 
diameter. A large number of operations, e.gr., 
recrystallisation and evaporation of the solvent 
over a water- bath (a fine jet of air being used 
to speed the evaporation), may be carried out 
in tlie micro-centrifuge tubes. 

If the centrifuge available is not designed for 
small tubes, these may easily be fitted inside the 
large tubes, a cork sleeve being used to hold each 
in place. The supernatant liquid is best drawn 
off with a small pipette, and the last drop by 
means of a capillary tube drawn out to a hair- 
fine tip. The liquid runs up this without sue- 
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tion, and if the tip is placed only about 1 mm. 
above the precipitate*, it can remove almoHt 
all the liepiid. 

Crystallisation. — Crystallisation may be 
cari'ied out on almost any ty])e of small appara- 
tus, such as a mie'roscope slide heated on a 
mici'o-melting-f)oint block, a micro-c(‘ntrifuge 
tube*, heated in a metal bloe^k or ov(‘r the water 
bath, a miero-bt'aker of capacity 3 -10 ml., or a 
micro- Kjeldalil tube. The micro-Kjeldahl tube 
(20 ml. capacity) is very (‘orivenient for working 
with very volatile solvents, and may be fitted 
with a long glass tube* as reflux condenser and 
heated in warm or liot water. When the reOnx 
tube is removed, as much of the solvent, as is 
desirable may be evaporat(*d, and the last ml. 
quantitatively transferred to another vessel, 
about three washings of 1 ml. being used, as in 
the noi'inal micro-Kjeldahl proeedun*. Tlu*: use 
of micro-Kjeldahl tubes has proved valuable in a 
number of biological prc])aration8 w'herc tin* 
amount of starting material is, of necessity, 
large in relation to the (piantity of product. 

Where economy of material is of primary im 
])ortance, it is advisable to use sealed capillary 
tubes for rccrystallisatiou. Caf)illary tubes of 

1- 2 mm. diameter and 7-8 cm. long are a con- 
venient size. A constriction is melted about, 

2- 3 cm. from one end to hold a small plug of 
asbestos in place. Both ends of the eapiliary 
are then drawn out and the solution drawn in at 
the longer end. The opposite end is scaled first, 
and, after this has cooled, the other end. The 
tube is cooled to the desired temperature in a 
freezing mixture and then centrifuged so that the 
liquid is filtered through the asbestos, ^’h(‘ 
(capillary is then cut between the crystals and 
mother liquor, each of which can be furtlnu' 
dealt with as necessary. 

Distillation. — Micro-distillation is a shn]>h‘ 
operation, and the apparatus is varied a(u*ording 
to the temperature and the number of fractions t 
desired. Smith’s apparatus (Fig. 8) is all glass, Tl 


this consists of a small pear-shaped flask with a 
long narrf)w neck in which a Imlb is blown, and 



Fi(i. 10. 


L! top of the m^ck bent as shown in the ligui t*. 
le volatile distillate condenses in the bond at 



Fig. 8. 


the toi> of the neck and can be re- 
moved by means of a capillary 
tube drawn out to a hair-fine tip. 

Fluorescence. — A large num- 
ber of substaiKiCs exhibit the 
phenomenon of fluorescence in 
ultra-violet 'light, and such sub- 
stances can readily be detected 
under the microscope, light from 
a carbon arc, or other similar 


drawn out of glass tubing of 5-10 mm. diameter ; 
the original tubing is left as a series of bulbs, 
and the drawn-out portions are bent round so 
that each bulb will fit in a bath heated at the 
desired temperature. Ordinary or reduced pres- 
sure may bo used. The bulbs’ art* severed from 
each other when the distillation is complete. 

Another distillation apparatus is shown in 
Fig. 9 ; the small thermometer hangs on a 
hook under the ground-in stopper, whit^h also 
carries a capillary inlet. Micro -distillation can 
be carried out with micro-Kjeldahl tubes as 
distilling flasks. 

Simple distillations of a very small amount of 
volatile liquid from a relatively large bulk, may 
be carried out in Pichler’s apparatus (Fig. 10) ; 


source, being focussed by a lens 
I system on to the platform of the mi(!roscope. 
I’he use of the fluorescence microscope is 
I especially important in the examination of food 
and drugs, and pharmaceutical products, for a 
substance with a typical fluorescence is easily 
distinguished under the microscope, even in the 
presence of excess of foreign material. 

J. W. M. 

ORGANIC MICRO-ANALy«lS. 

Determination of Molecular Weight by 
THE Method of A. Rikche. 

Hieehe’s apparatus (Ber. 1929, 59 [B], 218) 
(Fig. 1) is more suitable for solvents of higher 
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boiling-point, such as benzx'ne, water, pyridine, 
or glacial acetic acid, although it entails the use 
of 4 ml. of solvent and, (Hinsequently, of 15-25 
mg. of the substance. Even a transitory over- 
heating of the Beckmann thermometer is almost 
excluded in this methodj as it is always sur- 
rounded by a mixture of the boiling liquid and 
of its vapours. The liquid, which is Ixiiled in 
the flask, k, is continually projected, together 
with its vapour, on to the thermonu^ter through 



the nozzle, n ; the vapour eoiulenses in the con- 
denser, whilst the liquid falls back into the boil- 
ing-flask through the tube, f. The tube is 
provided with a small baflle-cone, b, which pre- 
vents the liquid from passing in the reverse 
direction. The liquid is heated over an asbestos- 
c^overed wire gauze by means of a micro- burner. 
Superheating is avoided by the use of platinum 
tetrahedra weighing 0-3 g.,and the apparatus is 
protected against air currents by a simple card- 
board cylinder. As in this apparatus a certain 
proportion of the substance is alw^ays present in 
the vapour form, the results are usually slightly 
low, but never by more than 5%. 

In order to cairy out a determination, the 
platinum tetrahedrji are inserted in the cleaned 
and dried apparatus, after which the baffle-cone 
is introduced and the thermometer also inserted 
by means of a tight-fitting cork, and carefully 
adjusted so that the bulb is completely covered 
by the inner tubular cylinder, r, in which posi- 
tion its lowest point is about 5 cm. below the 
upper rim of the apparatus. The whole assem- 
blage is then clamped into a stand above the 


asbcstos-covercd wire gauze and surrounded by a 
vertical cardboard cylinder. By means of a 
tared pipette, 4 ml. of solvent arc added through 
the side-tube, s, which is then closed with a cork. 
The second side-tube is then closed with a cal- 
cium-chloride tube, and the condenser, which is 
completely dry, is so itisertcd that it does not 
touch the wall of the tube at ajty pofiit. The 
micro-burner is placed exactly under the centre 
of the boiling-flask at a distance of 1-3 cm. 
below the gauze, so that the luminous point of 
the flame just touches the latter. If the heating 
is too strong it will be found that the liejuid 
merely boils in th(' (i<‘seending tube and that the 
nozzle does not act ; under these conditions the 
thermometer reading is not eorjstant. This 
diflieulty is overeom(* by reduf’ing the flanu:^ and 
raising it to a shortt^r disiam^e from the gauze. 

When the temperature has remained constant 
to within 0-002Y\ throughout 5 minutes, the 
first tablet, weighing 15-25 mg., is introduced 
through the side- tube, s. It is sufticient to 
weigh this to within 01 mg. After 2 or 3 
minutes the second temperature reading is taken. 
If this remains constant throughout a further 
2 minutes, a secoml tablet, is added, and the 
third reaebng of the temperature is taken after 
remaining constant for another 2-3 minutes. 

If, when using pyridine or glacial acetic acid, 
it is found that the thermometer bulb is sprayed 
with a foaming licpiid which spurts into the 
descending tube, tlu' thermom(*ter should be 
raised to such a position that its bulb is situated 
only 1 -2 em. beiow tlie nozzle. 

For HubstaiK'cs and solvents which are liable 
to be su})crbeate(I, Riecln* (Fhem.-Ztg. 1928, 52 , 
923) recommends boiling the solvent in a parafin 
bath. 

Determination ok llAr.ouENs, Sulimutk, 
AND Arsenic bv thk Bomb Mkthod. 

Beamish, Ind, Eng. Chem. [Anal.], 1933, 
5 , 348; Elek and Hill, d. Amer. Chem. 8oe. 
1933, 55 , 2550 (halogens); Idem., ibid,, p. 3479 
(sulphur); Parr, ibid. 1908, 30 , 704 (use of 
sodium peroxide); Beamish and (Vdlins, Ind. 
Eng. Chem. [Anal.], 1934, 6, 379 (arsenic); 
J. B. Niederl and V. Nietlerl, “ Micromethods 
of Quantitative Organic Elementary Analysis,” 
J. Wiley and 8ons, Inc., 1938, p. 125.] 

Determination of Halogens. 

Principle . — The organic halogen compound is 
fused with a mixture of potassium nitrate, 
sodium peroxide and cane sugar in a micro- 
bomb, to yield ionisable halogen which is precipi- 
tated and weighed as silver halide. 

Apparatus . — The bomb (Fig. 2) for the fusion 
consists of a fusion cup of 25 mm. depth and 
13 mm. inside diameter, and is made of “ iUium ” 
(an alloy containing Ni 58*40, Cr 28*80, Cu 7*95, 
Mo 3*52, W 2*38, Mn 1*72, Si 0*70, Fe 3*10, 
C 0*32%) or nickel. Its wall is 1*6 mm. thick 
and has a lip 3 mm. wide, on which the lid, 
which serves as a cover, rests. The cup has a 
rounded base and a small eyelet at the bottom. 
The lid of the bomb is held securely in position 
by an arched clamp with a tight-fitting screw. 
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Umgenta . — All reagents must Ik? halogen-free. 

Potassium nitrate. 

Sodium peroxide. 

Concentrated nitric acid. 

Dilute nitric acid (01%). 

Silver nitrate solution (5%). 

Hydrazine sulphate. 

Cane sugar. 

Procedure . — Three hundred niilligraniH of a 
mixture of potassium nitrate and cane sugar in 
the proportion of 3:1 should be placed on the 
bottom of the bomb and about 5 mg. of the 
sample on the surface of the mixture. To this 
mixture is added l*o g. of sodium peroxide ; the 
lid is then screwed tight and the contents are 



Fjo. 2. — Bomb. 

A, ('up ; B, Ltd ; <?, Scrcw-clamp ; ei and eiy Kyelets. 

thoroughly mixed by shaking the bomb. It is 
important to mix thoroughly to bring about 
complete oxidation. After tapping the bomb 
repeatedly so that the contents settle to the 
bottom, it is ready for the fusion. 

The bomb is Imld by the milled hekd of the 
clamp screw, either with tongs or by a piece of 
stout wire passed through the eyelet in the head 
of the screw, and gradually introduced into the 
upper part of a Bunsen flame. The fusion is 
complete in al)out 10 seconds ; the exact time 
can be determined readily because the dis- 
turbance within the bomb can be felt. It is 
advisable to hold the bomb in the flame for an 
additional 15 seconds in order to fuse the entire 
reaction mixture. A few seconds afterwards the 
bomb is cooled imder the tap. 

The bomb is first rinsed on the outside with 
distilled water, and then opened, and the inside 
of the lid is washed with hot distilled water. 
The washings are collected in a Pyrex test tube. 
The cup is placed in the test tube and enough 
hot distilled water, about 15 ml., is added to 
cover the bomb. The test tube is shaken to 
ensure comjplete solution of the fusion mixture. 
After the ntsion mixture has completely dis- 
solved, the cup is removed with a looped nickel 


I wire and rinsed with distilled water, and the 
I liquid added to the original solution, which is 
cooled in an ice bath and acidified with 6 ml. of 
concentrated nitric acid. The solution is filtered, 
with slight suction, into another test tube, and 
the filtrate heated with 1 ml. of 5% silver 
nitrate solution. Chlorides or bromides are 
usually j)recipitated immediately, but with 
iodides, a precipitate may not be formed ; this 
is due to the fact that the iodide is oxidised to 
iodate. 

This oxidation does not occur with chlorides 
and only to a slight extent with bromides, but 
it is practically quantitative with iodides. 
W hether a precipitate appears or not, the solu- 
tion is placed on a steam bath and 100 mg. of 
finely powdered hydrazine sulphate added. The 
test tube should be left on the steam bath until 
the precipitate has coagulated; then the solu- 
tion is cooled, and the resulting precipitate 
filtered on to a filter tube, washed with 60 ml. 
of 0*1% nitric acid solution, dried, and weighed. 
A complete analysis requires about 45 minutes, 
and two analyses can be made in an hour when 
two bomb cups are used. 

It is usual to weigh out the required quantities 
of sodium peroxide, potassium nitrate-sugar 
mixture, and hydrazine sulphate into small test 
tubes, and to mark the level of the reagent in 
the teat tube. (Since the amount of reagent 
used needs to be only approximate, later quanti- 
ties can Ik‘ measuied instead of being weighed. 

Determination of Sulphur. 

Principle . — The organic compound containing 
sulphur is fused with a mixture of potassium 
nitrate, sodium peroxide, and cane sugar in the 
metal bomb. The presence^ of the oxidising 
agents ensures quantitative oxidation of the 
sulphur to alkali sulphates. The sulphate thus 
formed is precipitated with barium chloride, 
and the resulting barium sulphate precipitate 
weighed. 

Apparatus and Reagents . — The apparatus and 
the reagents, except the 10% barium chloride 
solution, are the same as in the halogen deter- 
mination. It is important, however, that the 
rubber washer of a new bomb is boiled with 
caustic soda before being used. The reagents 
must be free from sulphur or its oxidation 
products. 

Barium chloride solution (10%) : Ten grams 
of barium chloride (BaCl 2 , 2 H 20 of 
analytical purity) are dissolved in 100 ml. 
of distilled water. 

Procedmre , — In the cup of the bomb is placed 
0-3 g. of a mixture of potassium nitrate and cane 
sugar (3:1), and 4-8 mg. of the substance to be 
analysed are added. The sample is covered 
with 1-5 g. of sodium peroxide, and after 
clamping the lid in positiolh the bomb is well 
shaken to eiGFeot thorough mixing. Fusion and 
subsequent dissolving of the fusion mixture are 
carried out as described for the halogen deter* 
mination. The resulting solution is cooled in 
an ice-bath, and then 5 ml. of concentrated 
hydrochloric acid are slowly added. The acid 
solution is filtered on a smafi Buchner funnel to 
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remove particles of carbon, and both test tube 
and filter are rinsed witli distilled water. 

The filtrate is transferred in 10- to 20- ml. por- 
tions to a well-steamed 50 ml. round- bottom 
Pyrex glass dish with a spout ; 0*5 ml. of 1 0% 
barium chloride solution are added to the liquid 
in the dish and the whole evaporated to dryness. 
The solid residue is moistened with 10% 
hydrochloric acid solution, and the evaporation 
repeated. The final solid residue is taken up 
in 20-30 ml. of distilled water, and allowed to 
stand for 12 hours. The precipitate is then 
collected, dried, and weighed. 

Determination of Arsenic. 

Principle . — The organic arsenic compound is 
fused in the bomb with sodium peroxide, in th(‘ 
presence of sucrose, to give arsenic acid, which 
is determined iodometrically. 

Procedure . — A quantity of sucrose, 20-25 mg., 
is placed in the bomb, and the weighed sample 
added. The amount of substaru^c taken for 
analysis is adjusted to contain 1*5-3 mg. of 
arsenic. Approximately 1 g. of sodium per- 
oxide is added to the material in the bomb ; the 
bomb is tightly screwed and shaken well to effe(.‘t 
thorough mixing of the substance with the re- 
agents. The bomb is tapped repeatedly to 
ensure settling of the charge on the bottom of 
the cup, and then ignited by heating it in thc^ 
tip of a small hot flame for about 40 seconds. 
The bomb should be cooled before being plunged 
in cold water, and when it has cooled sufficiently 
to permit its handling, the lid is removed and 
rinsed with distilled water, whidi is (collected 
in a Pyrex test tube. The cup is placed in the 


test tube and enough distilled water added to 
cover it, and then the contents of the tost tube 
are heated over a small flame to dissolve the 
melt. When th(' fusion mixture has completely 
dissolved, the cup is removed with a looped 
nickel wire and rinsed thoroughly with distilled 
water. The test tube is then placed on a steam 
bath and the liquid concentrated to a volume 
of about 10 ml.; the heating also ren^oves 
hydrogen peroxide. Then the solution is cooled, 
12 ml. of concentrated hydrochloric acid are 
added, and the liquid is allowed to come to room 
temperature by placing the test tube in a water 
bath. One ml. of freshly, prepared 10% potas- 
sium iodide solution is added, and the hquid is 
allowed to stand for exactly 3 minutes and 
titrated with 0*01 n. sodium thiosulphate solu- 
tion until only a faint yellow colour remains. 
Upon addition of 3 drops of 1% starch indicator 
solution, the titration is completed to the usual 
end-point, which is reached when the liquid 
remains colourless for at least 5 minutes. A 
blank titration of the reagents should be carried 
out, and the blank value, wdiidi should not 
amount to more than 0*3 ml., must be deducted. 

Determination of Carbon and Hydrogen. 

After coiLsiderable experience with the original 
Pregl carbon and hydrogen apparatus it has 
been found that the chief sources of error are 
attributable to the use of rubber connections, 
and their elimination as far as possible is an 
important factor in ensuring accurate results. 
The modified apparatus (duo to W. F. Boston) 
(Fig. 3) (consists of two elc(*tric preheaters, a, 
4 in. long, with a filling of platinised asbestos 



Fig. 3. 


heated to 660®c. The gases are cooled by means 
of the water jacket, b, which is connected to the 
preheater tube with a ground glass joint, c, 
sealed with Kronig’s glass cement. The top of 
the cooling jacket joins the pressure regulators 
by means of a single ground glass joint, d, with 
an internally sealed tube enabling the oxygen 
and air to be separated. The pressure regulators 
consist of two round-bottomed tubes, e, 1 50 mm. 
long and 66 mm. in external diameter, supported 
by a single brass column and held in position by 
metal clips. The regulation of the gas speed is 
effected by raising or lowering the tubes. The 


i bubble counter is connected on one side via a 
three-way tap to the gas- bells, f, and on the other 
to a straight tube, g, 6 in. long, which replaces 
the normal U-tube ; the straight tube has the 
advantage that the carbon dioxide absorbent, 
which forms a hard cake after use, is readily 
removed. Both these connections are made by 
standard ground-glass joints sealed with Kronig’s 
cement. The pilot heating element, h, consists 
of a steel tube in. long and 1 in. in diameter, 
with a moulded London cement grid to take the 
heating unit. This pilot unit is heated to a 
maximum temperature of 760®o., which is 
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adjuHted by means of a resistance, i, fitted to 
the panel of the combustion stand. The lojig 
burner, ,7, is 7 in. in length and is adjusted to a 
temperature of 700"'c., with a uniformity of 
temperature of rt;30‘ . The panel of the com- 
bustion stand has two switelies, one, k, j'or the 
main burner and the other, l, for the pilot. An 
indicator light, M, is connected with the pilot 
burner. In the centre of the panel is an in- 
dicator, N, for the number of halogen com- 
pounds analysed. The accuracy of this rubber- 
free apparatus is witliin 

Determination of Active Hydrogen. 

The method of A. Soltys for the determination 
of aetiv(‘ hydrogen app('ars to incorporate most 
of the advantages of previous metluxls described, 
ami in addition permits the estimation of the 
amount of reageid actually em})loyed, thus per- 
mitting the quantitative determination of groups \ 
which react with the Grignard r(*agent without 
liberating methane to be larried out. 

Prif id pie. — The metliod is based upon tlu' 
quantitative reaction of methyl magnesium 
iodide with substances containing an active 
hydrogen atom (i.e., containing - OH. 

- COOH, NH, etc.) ; tlie methane formed is 
collected in a burette and measured volu- 
metrieally. The following reaction is involved: 

CHyMglhROH=--ROMgl + CH4. 

Apparatus. — The apparatus, as shown in 
Fig. 4, consists of two parts : the methane 
generator, and the m(‘thanometer. 'I'hey are 



connected to each other with a rubber tubing 
16 cm. long, having a bore of 3 mm. and an 
outer diameter of 9 mm. 

The methane generator consists of the remov- 
able reaction flask (a), the two burettes and 

the Grignard reagent stock-flask or reagent 
vessel (c), and two three-way stopcocks, one of 
which is on the bottom (S-a) and the other on 


the top (S-h). The Grignard reagent stock flask 
has a <‘aj)acity of 50 ml. and is provided with a 
ground -glass stopper and two outlets. The 
outlet on the top leads to stopcock S-^^. The 
outlet on the side is of capillary tubing, one arm 
of which (extends to the bottom of the Grignard 
n'agent vessel ; the other arm leads to burette 
63, where it forms an automatic zero-point 
adjustment. The reaction flask, a, which has a 
(‘apaeity of 8 ml., is attached by means of a 
ground-glass joint to a hollow stop}^cr, or head. 
The eaj)illHry inlet tidjo (d), which may be con- 
nected either with burette or hg, according to 
the position of the stopcock S-a, is sc^aled to the 
latter and extends through tlu^ hollow stopper 
into the reaction flask. AiK)ther capillary tube 
leads from the hollow stopper up to the right 
side arm of stof>cock S-?>. Bureltc bo is graduated 
to 0*()2 ml., and has a capacity of 2 ml. ; it 
serv’es for the measurement and tin* introduction 
of the Grignard reagent. Burette /y, is also 
graduated ti. 0 dU ml., but has a caj)acity of 1 ml., 
and is us('d for the introduction of the aniline. 
An automatic shaking device is eonntx ted to the 
apparatus by means of a wire attached to the 
capillary inlet tube*. 

'Jh(‘ medhanometer consists of two })arallel gas 
burette {b.^ and b^), each having a capacity of 
7 ml. : both an* graduated to 0-02 tnl. The 
methane burette ^>4 ^’arries two thnu^-way stop- 
cocks, S-r and 8-d, at its upper end. which 
facilitate' tlie admittance of methane and dry 
nitrogen, n^spect-ively. Burette b.^ is open on 
the to}) to permit establishment of (X}uilibrium 
with th(‘ atmospheric pressure. Us curved bot- 
tom is s<‘alod to burette and is provided wdth 
an outlet whiidi connects both burettes, by 
means of a rubber tubing, to the mm'cury h* vei- 
ling bulb, which is sus})ended from a rack having 
a })inion adjustment. 

Reagents. 

Nitrogen should be of 99-9% purity, and is 
used for the preparation of the reagent, as w^ell 
as during the determination, to provide* an inert 
atmosphere. Anisole and pyridine are used as 
solvents. Amyl ether is used as the solvent in 
the Grignard reagent. 

Preparation of the Grignard Reagent . — In a 
200-ml. round-bottom flask arc placed 0’6 g. 
of magnesium, 2*6 ml. of methyl iodide, and 
50 ml. of freshly distilled amyl ether. This 
flask is provided with a ground-glass condenser 
and a sealed-in inlet tube. The flask is charged 
through the inlet tube with nitrogen which 
has been dried by passing it through a wash 
bottle containing concentrated sulphuric acid 
and a U-tiibe filled with anhydrone. Before 
the start of the reaction the flow of nitrogen is 
reduced to about one bubble per second. Water 
is passed through the condenser jacket, and after 
starting the reaction by dropping in a crystal of 
iodine, the flask is heated for 2 hours on the 
water bath. To remove the last traces of methyl 
iodide the condenser outlet is connected to a 
suction pump, and the rubber tubing connecting 
it to the pump is closed with a pinch-clamp. 
The burner is extinguished and the water passing 
through the condenser jacket shut off, as is the 
flow of nitrogen. The pinch-clamp regulating 
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the vacuum from the Huctiori pump in then 
slowly opened, the contents of the flask thus 
being caused to boil; boihng, with the aid of 
the suction, removes the methyl iodide com- 
pletely, although a small amount of amyl ether 
is also lost. As soon as this pinch- clamp is fully 
opened, the pinch-clamp beyond the nitrogen 
inlet-tube is opened to let one bubble of nitrogen 
per second pass through the wash bottle. After 
i.5 minutes the pinch-elamp regulating the 
vacuum is closed, and the one throttling the 
delivery of nitrogen slowly o}>tmed eompletely, 
so that the dask is again filled with nitroge^n. 
The rubber eornujetions are thf*n removed and 
the top of the eoiulenser, as well as the inlet 
tube, closed with tight-fitting rubber sf.oppers or 
rubber tubing. It is advisable to determine the 
strength of the reagent before trunsferrhig it to 
the apparatus by dissolving about 5 mi. of tlie 
reagent in an excess of ()- 1 n. hydrochloric acid 
and titrating it back with 0-In. sodium 
hv<h'nxi<le. The Grignard n-agent should be of 
0-4-0-5M. concentration, because it becomes 
weaker upon transfer to the apparatus, and a 
reagent of less than 0-8m. concentration redu(‘es 
the speed of the reaction to an undesirabli- 
extent. 

Procedure . — The reaction flask is removed 
from the apparatus and cleaned w'ith ethyl 
alcohol anti dilute hydrochloric acid ; the grease 
is removed from its neck with cotton wound 
around a notched iron wdre and moistened with 
acetone. It is finally rinsed with acetone and 
dried at 100‘^c. The ground-glass joint of the 
reaction flask is also cleaned with cotton 
moistened with acetone. iStopcoek S-a is then 
turned to position III and some alcohol, followe<l 
by acetone, introduced through burette 
Should there be a deposit of basic magnesium 
iodide in the capillary, it is removed with dihite 
hydrochloric acid. While the reaction flask and 
the pipette are permitted to dry in a drying 
block, a slow stream of nitrogen is passed through 
tin* apparatus, with the stopcocks H-d and S-c in 
})osition 1 ; air is drawn through capillary d at 
the same time to dry burette and after 
5 minutes the apparatus is ready for the deter- 
mination. 

Enough substance is weighed in the long-stem 
charging tube to yield about 1 ml. of methane, 
and transferred to the still warm reaction flask. 
With the warm pipette 0-5 ml. of anisole, or 
another solvent, such as pyridine, is added ; 
then the flask is attached, stopcocks S-d, S-c, 
turned to position 1, S-a to position III, and 
nitrogen passed through the apparatus. The 
reaction flask is immersed in water at room 
temperature and shaken to bring about eqiialisa- 
tion of temperature. (The charging tube is 
reweighed during this time, because this pro- 
cedure permits the immediate attachment of 
the still warm reaction flask to the apparatus.) 

If the substance does not dissolve during the 
shaking, the reaction flask is heated to KKl'^c. 
by placing it on the heating block, and it should 
be noted whether the substance precipitates 
again after cooling. After 10 minutes the 
tetnperature has become equalised, and burette 
62 is filled with the reagent. Gas burette 64 
is adjusted to the zero point, and first stopcock 
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iS-r, th(‘» S-«, turned to position I, and about 
0-5 ml. of reagent, or an excess over the theo- 
retical amount, run into the reaction flask. The 
mercury bulb is lowered about 5 cm. and the 
roacttion flask shaken for 5 minutes, after which 
time burette b.^ and gas burette 64 are read. The 
blank volunu' and the volume 01 reagent added 
are deducted to obtain the volume of jnethane 
formed by the substance. The reaction fla^ek is 
then immersed in boiling water and the shaking 
continued for 10 minutes, because many sub- 
stances react quantitatively only when heated. 
Tlie mercury bulb remains lowxucd during this 
time to creat(‘ a .slight under- pressure. The hot 
water is t hen replaced by w ater at room tempera- 
ture, the reaction flask shaken for another 10 
minutes, and gas burette b^ read again. .Burette 
bf is then filled with aniline, of which about 
0-7 ml. is run into the reaction flask; the flask 
is shaken for 5 minutes, with the mercury b\ilb 
again lowered about cm. The volume of the 
added anilim' is then deducted from the in- 
creased gas volume, and the blank added to 
obtain the volume of methane (•r)rresponding 
to the amount of urnised reagent. The time 
re(j Hired for the entire analysis, including the 
weighing of the substance, is about one hour. 
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MICROCLINE. A triclinic potash -felspar 
similar to ortboclaso in composition, KAISigOj,. 
It almo.st invariably contains sodium, and may 
include small cjuantities of ca38ium, rubidium, 
and calcium. Characterised by two types of 
multiple twinning crossing each other nearly at 
right-angles to produce microseopit; cross- 
hatching or grating. Possesses a perfect basal 
cleavage almost perpendieiilar to a good side 
pinacoidal one. Colour white, or tinted by 
impurities to cream-yellow or red ; bright green 
mierocline is known as amazonstone . p 2-56, 
hardness 6 . In contradistinction to orthoelase, 
mierocline shows no inversion arul remains 
unchanged up to its melting-point. When it 
encloses difjeontinuous bands of the soda felspar, 
albite, it is called mierocline perthite, or micro- 
perthite if the bands are very fine. Mierocline 
is not common in volcanic rocks, but is often 
the main felspar in granitic pegmatites, in 
which it may occur as enormous crystals. In 
Karelia, C.S.S.R., a mass weighing over 2,000 
tons had the optical continuity of a single 
crystal. 

The felspar of commerce, often called ortho- 
clase, probably consists largely of mierocline or 
an intergrowth of mierocline and plagioclase. 
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It is used in neramies for the manufacture of 
pottery, both in the body of the ware and in the 
glaze, and is employed in the glass industry to 
contribute alumina to the glass batch. Some 
of the purest felspar is used in making artificial 
teeth, and the lower grades find much service 
in the preparation of floor tiles, enamels, 
scouring soaps, binders for abrasive wheels, and 
paint fillers. The annual world prodi^ction of 
ground felspar is about 500,000 tons, of which 
the United States yields nearly two-thirds. i 

D. W. j 

MICROCOSM 1C SALT {v. Vol. II, 548c). 

M I C R O L I T E . Essentially a pyrotantalate 
of calcium, but containing also niobium, sodium, 
and subordinate amounts of other elements ; 
(Na,Ca)2Ta20g(0,0H,F). With increasing 
niobium it passes gradationally into pyrochlore, 
NaCaNbgOgF. Typical analyses show that 
microlite includes TUgOg 73, CaO IJ, and 
NagO 2*3% (approximately), with up to 4-2% 
f)f UOg. (isually crystallises as octahedra, 
often of minute size, hence the name. Colour 
pale yellow to brown, with a resinous lustre, the 
tlarker varieties transmitting hgkt only in thin 
splinters, p 5- 1-6*4, hardness 5^. Slowly de- 
composed by concentrated sulphuric acid and 
readily by fused potassium bisulphate. A 
somewhat rare mineral typically found in granite 
pegmatites, frequently associated with tantalite 
and columbite. Observed as an alteration [iro- 
duct of tapiolite, FeTugOg. 

Reference, — C. Palache, H. Berman, and C. Frondel, 

l)ana*8 System of Mineralogy,” 7th cd., Vol. 1, 
New York, 1944, p. 748. 

1). W. 

MICRO . ORGANISMS, GROWTH 
FACTORS FOR. 

I. CONCEPTION AND HISTORY OF 
GROWTH FACTORS. 

The term “ growth-factor ” is used when 
speaking of micro-organisms in the same sense 
as the word “ vitamin ” in connection with 
animal nutrition. With increasing knowledge 
of the chemical structure of individual vitamins 
and growth-factors, it has become clear that 
neither term denotes a chemical class or a cate- 
gory of biologically active substances. These 
names are a transient convenience for referring 
to essential constituents of an adequate diet 
which have hitherto escaped identification, 
while they still remain unknown except by the 
effects of their absence, namely the failure of the 
test organism to grow normally. When one of 
these substances has been identified chemically, 
it no longer serves a useful purpose to classify it 
as a vitamin or growth -factor ; what is then 
important is its physiological function and the 
mechanism of its action. 

The conception of growth-factors in the 
nutrition of micro-organisms is now being 
replaced by a broader view which sees these sub- 
stances as part of a wider class of essential 
metaboliUs.^^' These are components of 

metabolic reactions which are common to very 
different types of living organisms. There is an 
underlying unity in biochemistry, in that many 
of the bioohemioa.1 reactions which make up the 
metabolic processes of growth are basically the 


same in otherwise very different kinds of 
organisms. These metabolic processes are the 
chains of (!o-ordinated biosynthetic reactions 
and their (complementary energy-yielding re- 
actions which are the means of building up the 
new living matter produced in growth. The 
essential metabolites may be substrates in some 
of these chains of enzyme reactions, or com- 
ponents of the enzyme systems, etc. Thus 
aneurin, riboflavin, pyridoxin, and nicotinic acid, 
which are all growth factors for numerous micro- 
organisms, are essential metabolites in the sense 
used here ; they are undoubtedly used, at least 
in part, by the micro-organisms which require 
them as growth factors, in order to form part 
of co-carboxylase and aneurin-protein enzymes, 
flavo-protein enzymes, the co-enzyme of tyrosine 
decarboxylase and co-enzymes I and D, 
respectively. The substances which particular 
species or strains require as nutrients reflect their 
abilities to synthesise these essential metabolites 
for themselve s ; where the synthetic powers of 
an organism are more restricted the ('ssential 
metabolites which are required as nutrients will 
be correspondingly greater in number and com- 
plexity. Owing to this common biochemistry of 
essential metabolic processes the discovery of a 
growth factor for one organism gives informa- 
tion about essential metabolic processes common 
to many organisms. Thus the earlier studies of 
vitamins in animal nutrition, and of growth 
factors, etc., in the nutrition of bacteria, yeasts, 
lower fungi, and protozoa, which were originally 
carried out independently, are now found to be 
closely connected because of the common usage 
of similar metabolic reactions in the growth pro- 
cesses of all these types of organism.®®* *’* ®*' 

Nutritional Studies. — The investigation of 
this field has largely proceeded from the angle 
of nutritional studies, because the reaction to the 
absences of an essential nutrient, namely failure 
of normal growth, provides a suitable test-object 
for tracing a biologically active substance. The 
study of the exact nutritional requirements of 
micro-organisms has proceeded by an analytical 
approach similar to that used in the study of 
animal nutrition : the fractionation of complex 
nutrient media of empirical composition upon 
which the given micro-organism will grow in 
vitro. This leads to the replacement of various 
fractions of the diet by known substances, to 
form a deficient basal medium which supports 
the growth of the organism under investigation 
only when a further addition, e.g., a tissue ex- 
tract such as a protein-free liver or yeast extract, 
is made. This extract then contains all the 
additional, and initially unknown, compounds 
which the given organism i*equires for normal 
growth. These additional unknowns would be 
referred to as “ growth factors ” until identified. 
This identification may consist in fractionation 
and purification until the biologically active 
substance present is recognised as a known com- 
pound, or in the isolation and the determination 
of structure of a new compound. 

Historical. 

Brief historical reference may be made to the 
development of this field. Quite early attempts 
were made to grow various t3rpe8 of micro- 



81 


MICBO-ORGANISMS, GROWTH FACTORS FOR* 


organisms in media of completely known com- 
position. Many apparent successes were later 
found to be erroneous owing to lack of apprecia- 
tion of the minute quantities of substances which 
were adequate to permit easily observable 
amounts of growth, especially with yeasts and 
bacteria. Not until this was recognised and 
rigorous methods of working were adopted 
could assured advances be made in the exact 
analysis of nutrient needs. 

Bacteria. — Winogradsky,^^®, see the dis- 
coverer of the chemosynthesising autotrophic 
bacteria, grew these organisms in simple mineral 
media. This was possible because of the special 
type of metabolism, involving highly developed 
synthesising powers, which is characteristic of 
this type of bacteria. For example, carbon 
dioxide can be used as sole source of carbon, and 
nitrate or nitrite as sole source of nitrogen, by 
certain of these organisms ; more complex 
organic compounds are not required by them as 
nutrients.®®’ ®® But attempts to use almost 
equally simple media for heterotrophic bacteria 
with a carbohydrate (glucose) as source of carbon 
and energy, and ammonium salts or asparagine 
as source of nitrogen, together with various 
salts, had limited success for reasons which only 
subsequently became apparent. The school of 
Braun, from 1920 onwards,® was successful in 
cultivating certain organisms of the Salmonella 
group, and similar “ enteric ” organisms, in 
chemically defined media of simple composition, 
but it became evident from this and other work 
that even within these species {Eberlhella 
lyphom^ SalmonellsR, organisms of the dysentery 
group, etc.) only some strains — ^named “ non- 
exacting ’’ — had simple nutrient requirements ; 
other “ exacting ” strains of the same species 
required more complex nutrients.® In some 
cases the more exacting nutritional requirement 
could be supplied by a mixture of amino-acids, 
in place of ammonia or a single amino-acid,®^ 
(The exact amino-acid requirements of many 
bacteria have now been studied ; this topi<‘ is 
omitted from this article.) 

There are numerous species of bacteria now 
known to be able to grow on simple media of 
this kind, and not requiring any special addenda. 
But from the point of view of the development 
of the field of study this mode of approach was 
unable to extend far, and most of the subsequent 
development of bacterial nutrition proceeded by 
the analysis of complex empirical media. This 
method of approach was inevitable in the case 
of bacteria of which the nutritional requirements 
are very complex; this includes many of the 
baotetia pathogenic to man and animals. Ob- 
serval^ons which strikingly drew attention to 
the complex nutrition of many species of 
bacteria came fixim attempts to cultivate 
Johne’s baoiUus and Hmimphitm influenzm 
(Ffeifier^s bacilliis) in vitro. It was found im- 
possible to cultivate Johne’s bacillus on the 
ordhuo^ media of bacteriology until Twoit and 
showed that some special substance, 
which Was s^tbesised hy other members of the 
daes of aei(£>|jS8t bacilli^ had to be inoozF^ated 
In the medium before dohne^s badllns could 
miqwi iMlnary bactemdomoal media 

noi contain ^ eubstnnee. dinwrly heat. ' 


sterilisation of the usual type of complex 
medium, e.g.f peptone-broth, destroyed a sub- 
stance required by Hmmophilua InfiuenzssJ^ 
Therefore by heat-sterilisation of such a medium, 
a deficient basal medium was inadvertently pre- 
pared which could be used to test for the 
presence of this heat-labile substance in tissue- 
extracts, etc. This labile growth-factor was 
named the V or vitamin factor; as this name 
shows, it was detected at a time when the 
vitamins of animal nutrition were already 
differentiated as objects of biochemical study. 
Its properties were studied, and it was 
finally identified as a pyridine nucleotide, either 
co-enzyme I or 11 being interconvertible in the 
organism.^®’ ®® 

From about 1925 many premature attempts 
were made to implicate the vitamins of animal 
nutrition in the nutrient requirements of micro- 
organisms; but the function of vitamins was 
not proved until vitamin-Ri (aneurin) had been 
isolated in a pure state. It was then possible 
to show, unequivocally, that aneurin was an 
essential nutrient for a micro-organism. This 
was first done by Schopfer^® for the mould 
Phycomyces blakesleeanns. Shortly after, Tatum^ 
Wood, and Peterson ®® showed that aneurin was 
essential for certain lactic-acid bacteria. When 
riboflavin and, much later, p3rridoxm, were 
isolated, these were also shown to be nutrients 
required by certain species of bacteria and other 
micro-organisms {see Section II). 

A survey made in 1936 showed that bacteria 
as a whole exhibited the very widest range of 
complexity of nutritional requirements, extend- 
ing from the chemosynthesising and photo- 
synthesising autotrophic bacteria with the very 
simplest nutrient needs, to saprophytic and 
pathogenic hoterotrophic species having a very 
complex nutrition. All degrees of nutritional 
complexity could be observed. Lwoff®* had 
outlined similar conceptions for protozoa. 
Subsequent developments have caused no radical 
changes in the conceptions developed in these 
two reviews ; but knowledge acquired sinoe 
then has supplied much fuller information,*®* 
The major development has come in .the identifi- 
cation of numerous growth-factors (essential 
metabolites) which are required by the bacteria 
the nutrition of which is complex. 

Yeasts. — ^From the time of Pasteur yeasts 
had been cultivated in what were sometimes 
thought to be media of simple, known com- 
position, but Wildiers’ study focussed atten- 
tion on the exact nutrient requirements of this 
type of micro-organism. Wildiers proposed 

bios ** as the name for unidentified material 
which he showed to he required in addition to 
the known components of the simplified oidtuze 
media he used. From that time much study 
was devoted to the so-called ** bios problem.” 
This eventually led to the recognition thiirt 
yeasts, too, differed in the complexity of their 
nutrient reqmremmits, this complexity re- 
flecting the Ability of different strains to syn- 
thesise one or more of the essmtial metabolites 
which were eventuafiy identified by studies 
similar to those desi^lM above for bacteria. 
Eastoott showed that inositol was lemiired by 
some yeasts. Subsequently jl-aimiine,^^ panto- 
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tkhenic acid,^®* and biotin 2 ®* were aU first 


II. GROWTH-FACTORS REQUIRED BY 
MlCRO^ORGANISMS. 


observed as growth factors in coi^neotion with 
jreast growth. Later these compoiinds were 
implicated in the nutrition of other types of 
organism (bacteria, lower fungi, protozoa, and 
higher animals). This led to a fusion of nutri- 
tional studies in general. Since about 1930 
intensive study of the exact nutrient require- 
ments of many different species of bacteria, 
yeasts, lower fungi, and protozoa has been 
widely developed . This has led to : 

(i) The discovery of new compounds, c.j/., 
biotin and pantothenic acid. 

(ii) The finding that certain compounds al- 
ready known to organic chemistry are 
required as essential nutrients for 
various organisms, e.g., nicotinic acid 
and the pyridine nucleotides, uracil 
(and other pyrimidines and purines), 
glutamine, pimelic acid, inositol, p~ 
alanine, choline, and p-aminobenzoic 
acid. 

(iii) The finding that a compound first identi- 

fied as a nutrient for one species may 
also be required by other species of the 
same or different types of organisms {see 
Section II). 

(iv) The finding that species of micro- 

organisms which do not need one of these 
substances as a nutrient will usually 
be found to synthesise it. Evidence of 
the latter kind supports the interpreta- 
tion of the rdlo of this synthesis as 
supplying, endogenously, an essential 
metabolite, which has to be acquired 
from* external sources if the organism 
cannot synthesise it. In the latter case 
it appears as a nutrient requirement or 
growth factor. 

In Section H is given a list of substances 
which are essential metabolites in the sense 
used in this article, with representative organ- 
isms showing different abilities in synthesis. 
In reading the tables it must be remembered 
that, owing to the flexibility of micro-organisms 
with regard to biosynthesis, the examples given 
are not fixed and exclusive. Strains of a given 
species may be found which have greater or 
lesser synthetic powers than those hitherto 
examined, and hence may have correspondingly 
less or more complex nutrient requirements in 
culture than those already known. 

In the case of lower fungi, such as Neurospora, 
recent observations on X-ray-induced mutants 
^ow that very simple genetic changes, often 
involving only one gene, may result in the 
mutant becoming unable to perform a bio- 
synthesis which the normal parent organism can 
perform. The deficient mutant then becomes 
dependent on finding an external source of the 
substance which it cannot synthesise. Thus 
mutants unable to synthesise jp-aminobenzoic 
acid, choline, pyridoxin, inositol, t^ptophan, 
etc,, have been observed.^' h, w 

The^ study of these genetically controlled 
nutritional differences win undoubtedly be im- 
portant in the study of the metabolic processes 
involved. 


In the following list references are given for 
representative groups of micro-organisms : 
bacteria, yeasts, lower fungi, and protozoa. 
The growth factors are grouped under the 
respective essential metabolite molecules, of 
which a growth factor may be a part. To limit 
the size of the bibliography, in many cases the 
more recent original publications and reviews 
are listed, from which nfferences to earlier 
original publications can be obtained. It is to 
1)C remembered that this field is developing 
rapidly at the present time (see ®^), and the 
bibliography is in no way comprehensive. 

Aneurin {v. Vol. I, 371c, 5836). — (The pyrimi- 
dine moiety — 2 - methyl - 5 - X - methyl - 6 - 
aminopyrimidine, where X=some substituent 
such as Br, N H OH, etc. The thiazole moiety 
^4-methyl-5-j8-hydroxyethyl thiazole). 

The specificity of the aneurin molecule in the 
nutrition of micro-organisms has been widely 
studied.®®' 

The intact aneurin molecule is required as 
growth-factor : 

Lower fungi : species of Phytophthora. 
Protozoa : Glaucoma pyriformia, Strigo- 
monas*^ 

The pyrimidine and thiazole moieties are together 
required : 

Bacteria : Staphylococcus aureus^ Staph, 

albus ®®’ ; Salmonella gallinarum ; pro- 

pionic acid bacteria®^; Cl. tetaui 1 *; Strept. 
lactis. 

Lower fungi : Fhycomyces hlakesleeanus and 
Ph. nitens ; U stilago scab iosss. 

Protozoa.®’’^' 

Only the pyrimidine moiety required : 

Lower fungi : Sclerotium ddphinii, Pythium 
polycladoTi, Phytophthora fetgopyri ; for- 
mation of perithecia of Melanoapora de- 
struens ; Bhodotorula flava, Rh. ruhra.^ 
Only the thiazole moiety required : 

Mucor ramannianua.^ 

Protozoa.®^' 

Riboflavin {v. Vol. VI, 91a). Specificity. 
Bacteria : haemolytic Streptococci ; Strepto- 
coccus fecalis ; Enterococci ; CL 
tetani ; lactic and propionic acid bacteria. 
Some strains synthesise riboflavin slowly 
and growth is stimulated by its addition as 
nutrient; strains have been deliberately 
trained to synthesise.®** 

Pyridoxin. Specificity.** ®® 

Bacteria : species of lactic acid bacteria ** ; 

Streptococci *®* ; Enterococci ; CL 

tetani. 

Jjower fungi: Ceratoatomella ulmi and re- 
lated species ®* ; Neuroapora mutant “ pyri- 
doxiuless.'* 

Yeasts : in yeast growth pyridoxin is im- 
portant ; its rolative importance as a 
growth factor is related to the ability to 
synthesise, which in turn is related to the 
character qf the particular strain and to the 
other cultural conditions.^** Pyri- 

dommim and pyrUUmH (the amine and 
aldehyde, respectively, corresponding to 
pyridoxin) are more active than pyridoxin, 
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with some bacteria, probably becaiipe they 
reprefient higher stages in the synthesis of 
. the eo-enzyme of tyrosine decarboxylase, 
which appears to be a phosphorylated deriva- 
tive of pyridoxamine.*® 

Pantothenic Acid. — The two portions of this 
peptide, j5-alanino and pantoie acid (lactone) 
( a-hydroxy-)3/5'-diinethyl-y-butyTolactone) are 
sometimes sufficient singly as growth factors (r/. 
Aneurin, above). »Speciffcity.®®’ 

Complete pantothenic acid molecule required 
(sometimes the 2 separated portions togeth<‘r 
will function) : 

Bacteria : some strains of C, diplherise ; 
lactic-acid bacteria . propionic acid 

bacteria ; Streptococci ; Pas- 

te urellse 2; Ch tetani Enterococci ; /'V. 
welchii ; Proteus morganii.^^ 

Lower fungi : Neurospora mutant.^ 

Yeasts 

Alanine required : 

Strains of C. diphtherim.^'^ 

Yeasts.^®®’ 

Pantoic acid {lactone) required : 

Bacteria: Aceiobacier suhoxydans ; Strep- 
tococcns hseniolyticus.^^'^ 

Pyridine Nucleotides. — Specificity.’® 
Bacteria ; species of Haemophilus group.*’* 
Nicotinic Acid {v. this Vol., p. 479). Speci- 
ficity.®®* ®®* *’* ®® 

Bacteria; Staph, auieus^^'^^; Proteus vul- 
garis *’* ®®* ’* ; Proteus morgann ; lactic- 
acid bacteria ; dysentery bacilli ; i\ 
diphtherim ®’ ; Acetobacter suboxydans ; 
Leuconostoc mesenterokics ; Cl. tetani 
Enterococci.^^ 

Yeasts.^®® 

Nicotinamide is required by certain Pasteurellae, 
which cannot use the acid.^ Many organisms 
requiring nicotinic acid as growth-factor have 
been shown to synthesise pyridine nucleotides. 

Biotin. 

Bacteria : Hhizobia ; Clostridia ^®* ; lactic- 

acid bacteria ®®* ; Brucellm ; 

Pneumococci.^^ 

Lower fungi : Ashby a gassy pi ; Melano- 

spora destruens. 

Yeasts ®®* : Osmophilic Zygosaccharo- 

myces.*^ 

Biotin is sometimes slowly synthesised and 
growth is then stimulated by its addition to 
media.*®- ®’' ®®' 

Pimelic Acid. — This compound may be a 
precursor of biotin in biosynthesis by some 
organisms ; it is a nutrient required by cer- 
tain strains of C. diphtherim. 

p-Aminobenzoic Acid. — ^Required as growth 
factor : 

Bacteria.: Cl. m>et6butylicum ®*’ ’*» ’* ; Cl, 
iMrimsaccharcl'^icum ® ; Acetobacter sub- 
oxydans ; C. diphtherim strain 

Dundee ® ; Lactobacillus axabinosusA* 

Lower fungi : Neurospora mutant “ amino- 
henzoicless. 

Glutamine (v. Voi. VI, 376). Specificity,*® 
Required as ^owth factor : 

Baotei^a : hmiuolytic Streptococci ; lactic- 
aotd bacteria ** ; various.*® 
l*>uHnef and Pyrimidinea.— A nujhber of 
puriuea apd pyrimidines, singly or together, are 


important in bacterial nutrition, as growdh 
stimulants or essentials. *It is not yet clear what 
role they play, and their effects are often related 
to the presence of other constituents of the 
medium. 

Uracil is a growth factor for: anmrobic 
\ growth of Staph, aureus (but is synthesised 
in aerobic growth)**; Cl. tetani 
Streptococcus salivarins ; lactic-acid bac- 
teria.®* 

For Adenine {v. Yol. 1, 1416), Guanine (v, 
Vol. VI, 150c), Ilypoxanlhine {v. Vol. VI, 4086), 
Xanthine, and Thymine effects, see **’ *’’ ®*. 

Inositol {V. Vol. VI, 494a). 

Yeasts.i®* i«** *12 

Lower fungi : Ashbya gossypi ** ’* ®® ; Tri- 
chophyton discoides ’* ; Neurospora mu- 
tant.*^ 

Choline (r. Vol. HI, 92d). 

Bacteria : Pneumococcus.'^^ 

1.^0 wer fungi : Neurospora mutant.®* 

Oleic Acid. — C. diphtherim ^*; Cl. tetani.^^ • 

2 - Methyl Naphthaquinone. — Effect on 
Johne’s bacillus.*** 

Folic Acid." — Structure at present un- 
known ; originally detected as required for 
Streptococcus lactis K. ** and is involved in the 
nutrition of other organisms. 
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1, Dual Thboribs of Light and Eijeotrons. 

The present century has been a revolutionary 
period in the study of physics. By 1900 
physicists were fairly certain oi the truth of the 
wave theory of light, as represented in Maxwell’s 
Electromagnetic Theory, and they spoke in 
very famiHar terms of the “ ssther of space.** 
However, with the discovery of the photo- 
electric effect and Planck*8 theoretical treatment 
of the laws of radifidion, suspicion tAat aU was 
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not well with the wave theory arose. By 1910 
all the physicist was prepared to assert was that 
for some eacperimental results, such as inter- 
ference and dif&action, the wave theory alone 
offered an acceptable explanation; for other 
phenomena, such as the photo-electric effect, a 
corpuscular theory alone was applicable. 
Statements almost the converse of the above 
may be made regarding the theory of electrons. 
The electron was discovered in 1896 as a small 
negatively charged particle of mass about one 
two-thousandth of that of the hydrogen atom. 
Although there was considerable discussion at 
first as to whether a beam of electrons had the 
properties of a beam of light or those of a stream 
of particles, by 1900 the particle view held the 
field. 

In spite of the fact that the dual theory of 
light was established by 1900, it was not until 
1923 that de Broglie ^ definitely suggested that 
electrons might be looked upon as having a 
wave property as well as a corpuscular discrete- 
ness. He even suggested a formula for the wave- 
length to be attached to a homogeneous stream 
of electrons, viz. A= (12*24 x 10*^)/y'F cm., 
where V is the difference of potential in volts in 
the field through which the electrons gain their 
velocity. 

2. Expebimental Pboof op tue Wave 
Property of Electrons. 

The theory of de Broglie ^ was substantiated 
a few years later by experiments carried out by 
Davisson and Germer ^ at the Bell Telephone 
Laboratories in New York City and, indepen- 
dently, by Professor G. P. Thomson,* then in 
the University of Aberdeen. These experi- 
ments demonstrated that a beam of electrons 
showed diffraction phenomena quite analogous 
to those of visible light and A-rays. 

iphe question arose immediately whether an 
electron beam would lend itself to some form of 
microscopic vision (or photography). Such a 
result had never been obtained with X-rays, but, 
nothing daunted, physicists began to devise 
something which would give for an electron 
beam what glass lenses provided for light beams. 
The urge behind such investigation is made 
apparent when the impasse which had been 
reached in ordinary microscopy is considered. 

3. The Development of the Microscope. 

The ordinary compound microscope had 
reached a high degree of development by 1870, 
and it had bSen clearly shown that the limit in 
the resolving power (or in the useful magnifi- 
cation) had been reached. This limit is set by 
the fact that light shows diffraction effects, 
phenomena common to all forms of wave 
motion. 

It was established theoretically by various 
physicists, in particular by Lord Bayleigh, that 
the short^t possible distance (e) between two 
points on 9 «n object which can be shown as 
separate ip the image formed by any microscope 
is given by the formula «“A/2 to sin A, where A 
is the wave-length of the light used, and n sin A 
is th0 numerical aperture (S.A.) of the objective 
system. This formula may also be taken to 


ELECTRON. 85 

stand for the diameter (e) of the smallest 
particle which could be revealed by a light micro- 
scope. This gives for the limiting diameter of a 
spherical particle, which can be observed by a 
light microscope, a value of about 2x 10~® cm., 
1/125,000 in., or 0*2/4*(micron). 

Many attempts have been made to extend this 
lower limit. In 1900 the ultra-microscope was 
devised by Zsigmondy and Siedentopf,^ but the 
method of illumination, which is really the 
“ ultra-part,” of the instrument, reveals only the 
presence, of particles and tells nothing of their 
shape or size. 

Again, the shorter is A, the wave-length of the 
light used, the smaller is e, i.e., the smaller the 
particle which can be revealed. Gye and 
Barnard in 1925 constructed a very elaborate 
microscope for the use of ultra-violet light, and 
were able tf) photograph particles smaller than 
any already revealed, as to size and shape, up 
to that time. 

Graton and Dane * have shown, by the use 
of plane, unetched surfaces of minerals as 
specimens, that the performance of the best 
objectives is rather better than the previous 
theory would suggest ; but as most micro- 
scopical work is done with specimens which do 
not even approximate to an optical plane, the 
resolving power in actual practice does not 
reach that attained by Graton. 

4. Electron Wave Lengths. 

Although de Broglie deduced his expression 
for the wave-length to be attached to an electron 
beam [A-^(12*24x 1(H)/'V/ cm.] purely from 
theoretical considerations, experiments per- 
formed since have tended to confirm his con- 
clusions. Since V is the potential in volts 
through which the clec’trons are accelerated, 
if V is 400 v., A comes out to be 0*6xl0~* cm., 
a value only 1/10, 000th of that of light in the 
visible part of the spectrum. If such values of 
A could be used for microscopical observation, 
the limit of c should be reduced to 1/10, 000th 
of that possible with visible hght, 

5. Electron Lenses. 

In the development of the dual theory of the 
electron, de Broglie demonstrated that the 
path of an electron, its so-called trajectory, as 
it moves through space, bears the same relation 
to its wave property as the ray of light does to 
the wave property of light. Just as the path 
of light is traced through a series of lenses, the 
refractive media, in order to determine the 
image of an object, so if the paths of electrons 
could be directed, it might be possible to focus 
electrons arising from an object to make them 
form an image. This has been accomplished by 
the use of either electric fields or magnetic 
fields ; both electrostatic electron lenses and 
magnetic electron lenses have been produced. 

(a) Electrostatic Electron Lens. — A simple 
example of the regular way in which an electron 
path may be deflected in an electric field is 
shown in Fig. 1.® 

The plate a is maintained at a potential of 
-fSOOv, and the plate b at a potential of 
4- 1,500 V. ; the dotted lines show the distri- 
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bution of tlio lines of equal potential, and the 
heavy lino, or, shows the path of the electron. 

That there is here a phenomenon to which the 
term “ refraction ” might well he applied is 
(piite apparent when Fig. 1 is compared with 
one which illustrates the phenomemon of refrac- 
tion of light through the atmosphere, and shows 
why the sun (‘an be seen for some time after it 
has set. 

The eh‘ctroHtatie electron-lens is very simple 
— mer(‘ly a hole or aperture in a metal plate. 
In Fig. 2, F is a cathode, the source from which 
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electrons shoot out as indicated by the small 
arrows, n is a metal plate with a hole in the 
centre, and c a second metal plate. The plate a 
acts as a shield to the cathode f and, as repre- 
sented here, f, a, and n are maintained at the 
same potential (zero) while (‘ is at a potential of 
I JOO V. The broken lines represent the lines 
of equipotential. At the opening in the plate, 
n, the electri(^al held is distorted as indicated 
by the bulging of tlu^ equipotential lines, and 
the paths ^)f the eh'ctrons are refracted as they 
are in I^ig. 1. As a result, electrons coming 



ilow tlui path of an dectrou hciuls in a potential field. 



Tin* inllucncc of an (doctrcalc with an apertun; lu'ar tin' cathode. 


from a small area at f are focussed at the small 
area Fj, on the plate o. 

(6) Magnetic Electron Lens. — The an- 
logous case of “ refraction ” in a magnetic field 
is not quite so simple as that in an electric field. 

When electrons were first discovered they were 
described as small, negatively charged particles, 
on account of the action of a magnetic field on 
the fluorescent beam in a vacuum tube; the 
path of the beam is marked by a glow caused 
by ionisation of the gis by the electrons, which 
are themselves invisible. When a magnet is 


I held so that the magnetic force is at rigfit- 
angles to the electron beam, the latter moves 
as though it were a conductor bearing negative 
electricity in the direction of motion of the 
electrons. This defle<‘tion of the beam is at 
right-angles to both thfe direction of motion of 
the electrons and the direction of the magnetic 
field. This is demonstrated in Fig. S. 

There are three characteristics of Vie inter- 
action of electrons and magnetic fields : 

1. A magnetic field has no effect on ah electron 
at rest. 
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2. A magnetic field has no effect on an electron field on an electron moving in a direction making 

moving in the direction of the magnetic force, any angle with the direction of the magnetic 
i.e.f along the magnetic lines of force. field can bo deduced. In Fig. 5 this motion is 

3. Electrons moving at right-angles to the illustrated. The side of a solenoid is cut away so 

magnetic field are deflected in circular paths in as to picture what transpires in the interior, 
a plane perpendicular to the direction of the where the direction of the magnetic field is along 
field. This motion is shown in Fig. 4. the axis of the solenoid. If an electron starts 

h'rom the last two facts the effect of a magnetic from r with the velocity represented by the line 



Fio. 3. 

'r])o <lc(1<‘cti{)n nrodiicod in tiui luith of an olooiron pnssinj< throuiili a inaRnotio tiold. 






88 MICROSCOPE, ELECTRON. 


PB we may resolve this velocity into two com- 
ponent velocities : (a) that at right-angles to the 
field and (b) that parallel to the field. The first 
component determines the circular motion in a 
plane perpendicular to the axis, and the second 
component carries the electron along the axial 
direction to the right only. By combining these 
two motions, it can bo shown that electrons 
shooting out in directions making small angles 
with the axis from a point p will describe a spiral 
path to another point Pj on the axis ; or r and Pj 
are analogous to object point and image point. 

6. Simple Electron Microscopus. 

OiK.*e the principles of regulated refraction in 
electric or magnetic fields were successfully 


mastered, the development of electron micro- 
scopes followed as an immediate conseqxienoe. 
The motion of the electrons is possible only in a 
high vacuum, and their paths cannot pass 
through anything but the smallest thickness of 
matter ; fortunately electric and magnetic 
fields are non-mat€^rial fields of force which can 
be maintained in a vacuum, and the electron- 
lens system can therefore be maintained in such 
a vacuum. 

The first forms of the so-called electron micro- 
scopes wore single electrostatic or magnetic 
lenses used for giving magnified images of the 
structure of the surfac*e of the cathode which is 
usotl as the source of the electron stream. Very 
interesting pictures of the craters fn)ra whi<!h the 
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electrons are emitted have been produced. 
These studies show that the sources very often 
wander about the surface or become exhausted 
from point to point on the cathode. A cathode 
made, for example, of nickel, is covered with 
barium oxide, which is the source of the elec- 
trons ; after the cathode has been emitting for 
some time, the barium tends to be segregated 
along the boundaries between crystal Elements 
(of the nickel). Consequently, important know- 
ledge of the crystal structure of the cathode 
metal (nickel) can be obtained. 

Again, as shown by Scott,’ when ozganic 
maf^als are smeared on a cathode, the volatile 
or oombustible part can be driven off by heating, 


and the spots of residue on the cathode show the 
distribution of the metallic contents of the 
tissues. 

Simple electron microscopes, comparable with 
the reading lens of ordinary optics, have been 
in use since about 1930.® 

7. The Compound Elbotbon Miceoscope. 

The electron micrographs reproduced here 
were all taken with a compound electron micio- 
scope using three magnetic lenses, which served 
the purpose of substage condenser, objective, 
and projector lens, respectively. Doubtless 
before long similar instrumraits with electro- 
static lenses will be developed and on the market. 
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The following description refers to the mag- 
netic type of electron microscope developed at 
the Department of Physios in the (Tniversity of 
Toronto.® 

Fig. 6 shows diagrammatically the relation 
between the compoimd light microscope and the 
compound magnetic electron microscope. 

The source of electrons is a filament cathode 
bent to a hair-pin turn ; the electrons are 
accelerated by the electrical field between the 
cathode and an anode (not shown in the figure). 
Errors due to aberrations are minimised by 
having an accelerating field as large as possible ; 
practical considerations lead to the adoption of 
a field of 45,000 v. as the optimum for day-to-day 
use. Commercial companicis havi‘ (‘xporiraented 
with much higher voltages (up to 300,000), but 
the gain in resolving power is more than 
neutralised by experimental diffi(mltics. What- 
ever high voltage is adopted, it is necessary to 
maintain it constant to about v. ; this l<;ads 
to engineering difficulties and the j)ower rt^gula- 
tion accounts for a considerable part of the 
difficulty and cost of the whole apparatus. 

Another item of physical experimental diffi- 
culty is the maintenance of a sufliciently high 
vacuum. This requires special attention as the 
objects and photographic plates have to be* 
changed frequently in the course of any in- 
vestigation. 

The lower magnetic coil (Pig. 6) converges 
the beam of electrons on the obj(H't placed just 
above it. The elements of the object st^atter 
or absorb the electrons striking them, in pro- 
portion to the relative thickness and atomic 
properties of those dements. The electrons, 
which on leaving the object elenu'nts pass 
through the aperture in the object lens (iho 
second magnetic coil), ai’e fotnisscd by the strong 
axially symmetrical magnetic field of this lens 
to conjugate image points on a fluoroseent 
screen just below the upper magnetic (soil. This 
screen can be viewed from the outside through 
a window in the wall of the microscope tube. 

A fine pin-hole is bored in this fluorescent 
plate and the image is moved so as to bring any 
chosen small area of this first image over the 
hole. Only the ele(‘trdns forming this part of 
the image are able to pass the plate. They are 
acted on by the upper magnetic coil (lens), and 
the final doubly -magnified image of the small 
section of the first image is focussed on the | 
photographic plate. j 

8. The Specimen Holpeb and Mounting. I 

A special specimen holder is (‘onstructed to ] 
be slipped into the microscope through a tube 
inserted in the wall ; it is made to fit snugly to 
bring the object to the proper position relative 
to the objective lens. Specimens such as fine 
fibres or edges of metal are suspended across a 
small hole (0*05 to 0*3 mm. in diameter) in the 
centre of a circular platinum diaphragm, which 
is held at the end of the specimen holder by a 
cap. For substances such as fine powder, 
smokes, or bacteria the material is deposited on 
a very thin film of collodion (about 10 mp. thick) 
which is stretched on a metal gafize and held 
across the opening of the specimen holder by a 
cap. 
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9. COMMEBCTAL PBODUOTION OF EUBCTBON 
Microscope. 

Siemens and Halske were offering a com- 
pound electron-microscope of the magnetic-lens 
type in 1938 for delivery in a year or so. The 
Radio (Corporation of America employed L. 
Martin for this work, but their first commercial 
type, based on the University of Toronto model, 
was produced by Dr. James Hillier, who had 
joined this firm in 1940.^® 

In November, 1942, the Radio Corporation 
of America announced the marketing of a port- 
able electron compound microscope of the 
magnetic- lens type.^^ At the same time the 
(leneral Electric Company of America exhibited 
a portable electron compound microscope, of 
th(^ electrostatic -lens type,^^ capable of being 
oiwirated from a 110-v. power outlet. In the 
latter the final image is cast on a fluorescent 
i screen and viewed from the outside ; when 
j)ictiire.M arc diisired the ( amora merely records 
the image on iho scrt'cn, from outside. This 
simplifies the vacuum arrangements and so 
greatly reduces the c^ost. (Commercial com- 
])ctitioii between these two types promises to 
bring the electron microsfjope within the pur- 
chasing power of even modest laboratories. 

10. I’r vgtica]. Apfuicationk. 

(a) Industrial Uses. — There is no doubt that 
the electron ini('ros(tope will be(*orae a very im- 
portant experimctjial irjstrument. At present 
the most useful a})plication8 seem to be in the 
fiedds of industry and medicine. In all this work 
there are apparent very important developments 
of a pundy scitmtific' nature. 

1. Manufacturers of various powders — carbon 
blacks J® paint fillers, and rubber mixes — are 
interested itj knowing the ultimate size of the 
particles in a ])a.rticular preparation, as the 
fum^tion of these fillers depends on the area 
exposed by th<‘ [)articles. When it is realised 
that the material in a lump of sugar of one 
centimetres side (area 0 sq. (un.) will have an 
exposed area of several acres when broken up 
to particles of colloidal size, the potential im- 
mense increase in area is readily appreciated. 
These manufacturers are enthusiastic about in- 
formation that the electron microseopo has 
already revealed eoneerning the size, shape, and 
manner of aggregate formation of particles in 
powders. 

2. Fibres 'of various materials, such as as- 
bestos, flax, hemp, cotton, rubber, and glass 
offer a very extensive field for this research. 
There seems to be some limit to the fineness of 
the ultimate fibrils of natural fibres such as 
asbestos, flax, and cotton. New uses may be 
found for fibres of different materials. 

3. Pictures of smokes produced by the oxides 
of various metals show very interesting 
phenomena. Some of these smokes, c.g., zinc, 
magnesium, and tungsten oxides, show that the 
finest visible particles are crystalline, while 
others, e.g., aluminium oxide, yield spherical 
particles or aggregates . It is apparent that these 
studies afford a fertile field for the comparison of 
crystalline and surface-tension forces in the 
formation of aggregates. 

4. Pictures of the dnst formed during blasting 
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and drilling in mines have been taken at Toronto. 
There is no doubt that results useful in the study 
of silicosis will emerge from such work, 

5. Clays off(T anothoT- interesting example for 
study, which may afford evidence as to the 
leatures of clays which arc* good for fillers, payMu* 
c'oatings, or china manufac ture*, 
f). Particularly during the last tc*n years, thc-sre 
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('oiii])urison pictiiivs of diatom, Ampliiitleura 
VPllucida. 'flic first thrc^i* were taken with an oiitieal 
inieroscoix* using cliffen'nt wave-lengths of light, nml 
tile last with the electron mieroHcope, 

has bt‘en gr(*at development in the* synthetic* 
production of organic substitutes, as in the ease* 
of silk, ruhlK*r, and the various plastic*s. A 
knowledge* of the fine structure of these materials 
will undouhtc'cliy be helpful. 

7. Vc'ry interc*Hting investigations have Iktu 
earried out at the Eastman Kodak .Rc*searc*h 
i..aboratory on the jiroct^ss of devc‘lopment of 
photograpliic* emulsions. Tiie whcjle thc*ory of 
this puzzling phenomenon has been re-c*ast in 
view of this work. The beginning of tJie proc*ess 
of development consists in the* projection of 
silver fibrils out into the gelatin media from 
points on the scuisitised crystals. 


(b) Medical and Biological Applications. 

1. The most striking results in this field are 
those in which various viruses, formerly beyond 
the reac*h of microseopici vision, have been 
photographed. These inc lude the viruses of the 
tc)bac*c*o mosaic*, small -pox, and infliumza. The 
ability to photograph the intruder will doubtless 
lead to a great advanc^e in the method of treat- 
ment of the disease. 

2. Very much improvcid photographs have 
becui taken of germs and bacilli, sucrh as those of 
tub(*rculc)His, which are visible in the light micro- 
KC'opc, and it is possible that the electron micro- 
KC*opc will enable even the life history of suc h 
minute bodic‘s to be traced. 

:b 111 the ])hotograph made of tJie typhus 
germ fliere is a distinct indi(*ation that the germ 
often has attached to it a crystal, probably of 
some salt ; tliis suggests that tlm course* of the 
disease m.vy bring about whaf. might lx*, called a 
“ salt-aniemia " in the blood of the patient, in 
whicli ease the electron microscope may help 
greatly in diagnosis. 

4. The standard specimen used in the early 
devclojuuent of the electron micToscope was 
some one of the* many forms of diatoms. On 
account ol‘ the*, use of diatoms as test objects 
for oil-immc*rsi()n light microsc'opes, it was 
natural to use these shell-like structures for 
c'oinparison between light and electron raicTO- 
scopes. In Eig. 7 are showui comjiariscm pictures 
of a diatom, Amphiplfura pidlttcida, as taken by 
(1) light of wave-length TiHOOa., (2) light of 
wave-lcmgth 4050 a., light of wave-length 
.‘h)50 A,, and (4) the electron microscc^pc^. These 
have all been reproduc'ed at the same magnifica- 
tion, approximately x 1 J ,000. Diatom specjialists 
arc even looking forward to finding evidence of 
the* life history of the* diaforn, 

11. New Developments. 

In several laboratories where electron micro- 
scopes are in use, Cjuite simple techniques for 
making stereoseopio photographs have been 
dc'visecl (wc Fig. 8). The results give promise 
of very important additions to our knowledge. 
On ac*c;c>uiit of the fact that the depth of focus 
of an (dc‘c*tron microscope is very much greater 



Fig. 8. 

Stereo.scopic view of pile of Ulatoiiis of diflercmt kinds. Magnification approximately x 2,000. 
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than that of the ordinary high-power light 
microscope, new studies of the spatial arrange- 
ment of the objects in view in the microscopic 
field are made possible. 

The early application of the (compound electron 
microscope was in its use in taking pictures of 
specimens thin enough to allow the passage of 
the electrons. Consequently it was not apparent 
that the electron microscjope would be of any 
use in studying the surfaces of thick specimens. 
But even this problem has been successfully 
attacked in two ways ; (a) by producing 

replicas of surfat^es on thick films of material, 
and {b) by using the clt‘ctron beam to give 
electron-diffraction pictures of the surface. 

{a) Replicas.^® — Replicas have been produced 
by two general methods which may be described 
as giving either negative re])licas or positive 
replicas. 

For negatives the surface is suffused with an 
organic solution which on evaporation leaves a 
film dried on the surface. The film is then 
stripped off — usually by floating it off' in water. 
This film retains the negative of the contour of 
the 8urfa(.‘e on the side in (ontact with the sur- 
face, w'hile the obverse ol'the film is plane. The 
negative films are thin enough for the electron 
beam to pass through, and the degree of absorp- 
tion of the electrons shows variations in thick- 
ness of the film and thereby reveals variations 
in the marking of the original surface. 

For making a positive, the negative is made 
on a thick piece of some material that can after- 
wards l)e dissolved away. This negative surface 
is then covered with a very thin film of some 
insoluble material (e.^., silver or quartz) by 
cathodic sputtering; on dissolving away the 
negative material a very thin film with a positive 
of the original surface is left. The degree of 
absorption of the electron beam again gives 
indications of markings on the original surface. 

(b) Electron Diffraction. — The experi- 
ments on cle(!tron diffraction carried out by 
Davisson and Germer ^ and by G. P. Thomson ^ 
first confirmed experimentally the theory 
developed by de Broglie regarding the wave 
properties of electron beams. 

These diffraction phenomena can be produced 
either by allowing the electron beam to traverse 
a thin film of the material, or by arranging to 
have the electron beam reflected from a surface 
of a massive solid sample. In either case direct 
evidence is obtained of the lattice spacing of 
various crystalline structures. The Radio Cor- 
poration of America have produced a so-called 
“ adapter ” to enable the instrument to be used 
either for ordinary microscopical views or for 
electron-diffraction pictures. 

The plates on p. 91 are two of asbestos 
fibres (X 7,680) (Figs. 9 and 10), iron oxide 
(X 33,700) and aluminium oxide (x 22,680) 
smokes (Figs. 11 and 12), small-pox virus 
(X 39,600) (Fig. 13), and typhus (EickeUaia) 
germs (x 19,240) (Fig. 14). 
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MIERSITE(r. Vol. Vll, 2c). 

MIGRATION, ION 1C. —Faraday’s Laws 
of Electrolysis state that when an electric cur- 
rent is passed through a solution of an electro- 
lyte, the mass of substance liberated at an 
electrode is proportional to the quantity of 
electricity passed and to the chemical equivalent 
of the substance. This indicates that such solu- 
tions contain ions which carry integral numbers 
of positive or negative charges ; when a potential 
differoTKic is applied they move towards the 
electrode of opposite charge and (in most cases) 
aic. discharged on aniving at the electrode sur- 
face. The <liHcbarged ions then appear as the 
products of electrolysis, or undergo secondary 
flioniical reactions. 

The fact that ions migrate can be demon- 
strated by analysing the solution before and 
after electrolysis. It is found that the con- 
centration in the bulk of the solution remains 
constant, but near the electrodes it changes in a 
manner which can ‘ only be explained by as- 
suming that all the ions within the potential 
field have moved towards the oppositely chargetl 
electrode. This principle is the basis of Hittorf ’s 
method of studying ionic migration {see below). 

The mobility of an ion is its velocity of migra- 
tion (in cm. per sec.) when it is situated in a 
field of unit potential gradient (1 v. per cm.). 
The velocity is directly proportional to the 
applied potential gradient, except at very high 
potentials (the Wien effect ”) or in alternating 
fields of very high frequency (the “ Debye- 
Falkenhagen effect *’) (i?. Molboitlar Con- 
ductivity, this VoL, p. IfiOa). 

Ionic mobilities are not definite constants for 
individual ions, but depend on temperature, the 
nature and viscosity of solvent, concentration, 
and the presence of other ions in the solution. 
The mobilities of the ions in a solution determine 
its equivalent or molecular conductivity (g.v.). 
According to Kohlrausch’s Law of Independent 
Migration of Ions the total conductivity ,4 of a 
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solution is the sum of the separate ion con- 
ductivities (?+ and 

( I ) 

The ion conductivities are related to the actual 
velocities of the ions {v^ and v_) by the factor 
F (the Faraday, 96,500 coulombs per gram- 
equivalent) 

l+^Fv+ and l_^Fv_ . . (2) 

These relations are true at all concentrations if 
the electrolyte is completely dissociated, but 
v, and I remain functions of concentration. In 
extremely dilute solutions, however, the ions do 
become truly independent, anti oonsetjuently v 
and I at infinite dilution can be regarded as con- 
stants for each ion. The mobility of the 
chloride ion is the same at infinite dilution in 
hydrochloric acid and in potassium c.hloride 
solution, but not in solutions of appreciable con- 
centration owing to inter-ionic effects. Similarly, 
values ofA^^, the limiting equivalent conductivity 
at infinite dilution can be compute<] from (1) if 
the limiting ion conductivities at infinite dilu- 
tion are known. Table I gives some values of 
limiting ion conductances, and of corresponding 
mobilities calculated from them by (2). To cal- 
culate Aq for any salt add / , and / _ ; e.g.^ Aq 
for potassium nitrate = 63-65 

-126-2. ^ 

If the ions from a uni-univalent salt had equal 
mobilities and were present in solution in equal 
numbers they would carry the same amount of 
current during electrolysis. In general, how- 
ever, anion and cation migrate at. different rates, 
and therefore the faster-moving ion carries the 
greater share of the current. (In certain solids 
all the current is carried by the movement of 
one ion only.) The fraction of current carried 
by a given ion is called the transport number 
(T) of the ion. For a uni -uni valent elec’trolyte 
the transport number of the cation is 

T^~v^j{v+-\-v^) ; that of the anion is 
and obviously ^ — 

The above considerations suggest three 
possible methods of studying the speed of 
migration of ions, namely ; 

(i) by direct measurement of the velocity in a 
known potential gradient ; 

(ii) by measuring the transport number and 

equivalent conductivity of the same (very dilute) 
solution : since, if the salt is completely dissoci- 
ated, A=lj^ -t- ~F{v^ -f- v_ ) and /{v^ -f i.’_ ) 

it follows that v^—T^iAjF) and v„~tJ{AIF). 
The usual practice is to extrapolate both A and 
T to infinite dilution and obtain limiting ion 
conductivities. Macinnes, Sbedlovsky, and 
Longsworth (J, Amer. Chem. 8oc. 1932, 2758) 

extrapolated the apparent values of I itself, 
using theoretical formulae which implicitly 
assume complete dissociation ; 

(iii) by assuming the I value of one ion [from 

measurements on other substances by method 
(ii)! that of the other ion can be found from 
either Aq or alone. The usual starting point 
is potassium chloride; at 26° 149-82 and 

; hence at infinite dilution 
«76‘32 (Macinnes, IShedlovsky, and Longs- 
worth, I.C.). 

In addition, transport numbers can be ob- 


tained from e.m.f. measurements with cells 
containing liquid junctions (v. Liquid Juijotion 
Potential, Vol. VII, 3566). 

Experimental Determination of Ion 
Mobilities. 

1. The Moving -boundary Method . — The rate 
of movement of a sharp boundary at the junc- 
tion of two solutions is followed by any suita ble 
means, such as an indicator colour change or 

I difference of refractive index. The solutions 
must have one ion in common, the boundary 
must move towards the solution containing the 
faster non-common ion, and the lower solution 
must be the denser in order to avoid mixing. 

I An example of the method is the determination 
of the velocity of the hydrogen ion by following 
the movement of a boundary separating hydro- 
chloric acid below 1‘rom dilute lithium chloride 
solution above, tlie boundary being made 
visible by a trace of M(*thyl Orange indic^ator. 
True ion mobilities <‘an Lx* obtained directly 
(but not wuth high accuracy) by this method 
if the potential gradient can be calculated from a 
knowledge of the dimensions of the apparatus and 
the conductivities of the solutions. More often, 
however, these are not known, but by measuring 
the volume ( V) through which the boundary 
I 'sweeps in time t and also the quantity of 
electricity {Q) passed, the transpoi-t number can 
be calculated. The relation is 
T-F(7(d F/d^), 

where C is the concentration of ion in gram- 
equivalents per (‘.c., and d V is the volume in c.c, 
swept through by the boundary during the 
passage of current dQ coulombs. 

A small ct)rrection is required to allow for the 
change of volume which occurs at the electrode 
at the closed end of the apparatus. For 
example, if a silver-silver chloride cathode is 
used, the electrodes reaction occurring is the 
reduction of silver chloride by hydrogen ions, 
and the metallic silver produced occupies a 
slightly differe-nt volume from the original 
silver chloride. For further details of the moving 
boundary method, see Macinnes and Longs- 
worth, Chem. Rev. 1932, 11 , 171; G. A. 
Macinnes, ■“ Principles of Electrochemistry,” 
Reinhold Publishing Corp., New York, 1939. 

2. Hittorfis Method {v. Vol. VI, 237d). — ^The 
principle of this method has been indicated 
above. Although simple and generally applic- 
able, the determination depends on measuring a 
difference of concentration, and acc*ording to 
Macinnes and Longsworth (Z.c.) the accuracy 
obtained is not as high as in the best moving- 
boundary determinations. The agreement be- 
tween the two methods is, however, excellent. 
In Hittorf’s method the transport number of 
the cation is equal to the ratio of the number of 
gram-equivalents of solute which pass out of 
the anode compartment (or into the cathode 
compartment) to the total number of Faradays 
of electricity passed through the apparatus. In 
some cases there is an increase, in others a 
decrease of concentration in the neighbourhood 
of an electrode, depending on the cell used. 
For example, at a silver anode in silver nitrate 
solution, the observed change of concentration 
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is the baJano(‘ of an increase of Q/JP gram- 
equivaliMits by solution of the oloctrodo an<l a 
decrease of(7^J.) {QjP} due to migration of silver 
ions towards the cathode. Since T is Jess than 
unity there is in this case a net increase of silver 
content. 

Results obtained by Jlittorf's method are 
complicated by the simultaneous tran.sport of 
solvent, whieh is carried as solvation sheJis 
surrounding the ions (,vcr hfknr). 

Experimental Results. 

Ion Vondncllvilies. — Sorm^ typical data for 
equivalent ion-conductivities at infinite dilution 
{1) are given in Table 1, together with their 
temperature coefticierdH and derived mobilities. 

Table 1.— -LiMrTiNc Equivalent (ViNDius 

TIVITIES, TeMPERATIFRE E( »EFFK’IENTS, AN[) 
Ion Mobilities of some (U)mmon Cations 
ANO Anions in Aqueous H()Littion at 


loll. 

Liriiitin^ 

(X)ll(lUC- 

tivity (/). 

Ti'miMTiiiun' 
(‘ooflicienfc 
a --{\H){dlldt) 

IVlobiiit.N 
/'--//F cm. per 
H(‘c, per v. ]K‘r 
cm. 

hmHoO). 

315 

0*0154 

32*7 X 10-^ 

Li ^ . 

32*55 

0*0265 

3*37 ,. 

Na^ . . 

42*6 

0*0244 

4*41 „ 


63*65 

0*0217 

6*60 

Ag ' . . 

53*25 

0*0229 

5*.52 „ 

JCa' + 

.50*4 

0*0247 

5*22 „ 

JBa'i 

54*35 

0*0239 

5*63 „ 

iCu' ‘ . 

45*3 

— 

4*70 „ 

OH . . 

174 

0*0180 

j 18*0 ^ 10 ^ 

Cl 

66*3 

0*0216 

6*87 „ 

Br . . 

68*25 

0*0215 

7*07 „ 

1 . . . 

66*85 

0*0213 

6*93 „ 

NO, 

62*6 

0*0205 

6*48 

iSO,- . 

68*7 

0*0227 

712 „ 

ico,- - . 

60*5 

— 

6*27 „ 

CHjCOO 

35*0 

0*0238 

3-6 


The high mobilities of hydrogen and hydroxyl 
ions are notable. (Small ions of low atomic 
weight woukl be expected to move faster than 
larger ones carrying the same t'harge, since the 
viscous resistance should be less, but this is 
often not the ease. For example. Table t shows 
that the mobilities of the alkali-metal ions are 
in the reverse order, viz. K>Na>Li. This is 
ascribed to a lai*ge “ hydration shell ” around the 
smaller ions owing to the more intense electro- 
static field {see “ Solvation of Tons,” below). 

The temperature coefficient of I is given as 
(l//,)(d^/df), i.e.y the fractional increase of 
mobility per unit rise of temperature. It is 
seen to be approximately the same for all the 
ions except hydrogen and hydroxyl, namely, 
0‘026--0*021. This result is in agreement with 
the concept of ions behaving as spheres moving 
through a viscous fluid ; the resistance according 
to Stokes’s Law should then be proportional to 
ii)V, where is the viscosity. Under constant 
applied potential the mobility, v, should be 
inversely proportional to the viscosity of the 


I solvent, i.e., rjv- const. Mcnco, (l/v)(drfdl)^ 

I - (i/y)(drj/df). Tli(' vis<-()Hity of water at 18^ is 
l'()5(» centipois(‘H and the temperature co- 
efficient is — 0*0265, whence —(l/7f)(drf/di)~ 
0*0254, which is of the same order as the 
temperature- dcpc?id('uce of mobility in Table 1. 

7’hc relation (or /j,T/o)-M;onHtant is known 
as Walden's Rub*. It accounts fairly well for 
the change of I for a given ion in oru* particular 
solvent at different temperatures; c.f/., /qT^q for 
the acetate ion in aqvu'ous solution is 0*367 at 
(E, 0 363 at 50' , and 0*366 at 10(f . W^alden’s 
Rule holds only very a[)pro\imat(‘ly for an ion 
in diflerent solvents, probably because the 
degree, uf solvation vaiics with the solvent. 

Transport A utnbers.— Transjmrt numbers of 
many salts have been measured by Hittorf's 
method; the results are mostly approximatt* 
and depend on the t(*mperature and (‘oncentra- 
tion used. For numerical data, see Eandolt- 
Bbrnstein, ” Tffiysikal-Chemischo Tabellen.” The 
early work has been leviewecl by Noyes and 
hulk (d. Amer. Cdieni. (Soc. 1911, 83, 1436). 
Accurate ineasurements by Hittorf's method 
have been made in rcct‘nt yi^ars by Jones and 
Dole {ibid,. 1929, 51, 1073) and Jones and Brad- 
shaw {ibid. 1932, 54, 13S). Some very accurate 
determinations of t ransport number have been 
made by American workers by the moving- 
boundaiy metliod ; some of tlndr results art^ 
gi\cn it) Table II. 


Table 11.— Cation Tkanscort Numbers of 
HOME S\liTS JN 0*oIn. and 0*1n. Aqi’eous 
Solutions at 25'^'('. 

(I). A. Maclnnes, “ Principles of Elceiro- 
ehemistry,’' Reinhold Publishing (\)rp., N(‘w 
York, 1939.) 


Catioa 'I'lausport Numttor. 


Pb'ct rolytc. 


HCl 

LiCI 

KCI 

KBr 


KNOg . 
AgNOg . . 

CHgCOONa . 
CaCIo . . . 

k.,s6^ . . . 

HgSO^ . . . 


K3Fe(CN), . 
CofNH3)«Clg . 


0-0 In. 

OlN. 

0*8251 

0*8314 

0*3289 

0*3168 

0*4902 

0*4898 

0*4833 

0*4833 

0*5084 

0*5103 

0*4648 

0*4682 

0*5537 

0*5594 

0*4264 

0*4060 

0*4829 

0*4890 

— 

0*8145 

0*4315 

0*4410 

0*5673 

— 


Owing to the high mobility of the hydrogen 
ion it carries more than 80% of the current 
during the electrolysis of an acid such as hydro- 
chloric acid. 

The fact that transport numbers are somewhat 
dependent on concentration shows that ion 
mobilities also vary (and unequally) with con- 
centration. Consequently, the conductance ratio, 
AIAq cannot be an accurate measure of the 
degree of dissociation, as was supposed by the 
early workers. The changes in conductivity 
due to ionic interaction can be calculated ap- 
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proximately for very dilute solutions by the 
Debye-Huckel-Onsager theories (r. Molis(’1'Lar 
Conductivity, this Vol., p. HiOa). Interpolation 
formula) have been proposed by Jones and Dale 
(Lr.) and by Longsworth (ibid. 1932, 54 , 2741), 
who used an empirical equation with two ail just- 
able eonwstants to represent the change of 7’ 
with concentration up to 0-1 n. 

Solvatioyi of Ioaw (v. \'o1. VI, 295c). -Tlx* 
amount of solvent permanently bound to ions 
in solution has been investigated by studying the 
transport of solvent during electrolysis (Wash- 
burn, ibid. 1909, 31 , 322; Wasliburn and 
Millard, ibid. 1915,37, (>94; lli'iny and R(“isner, 
Z. physikal. Cheni. 1920, 124 , 394). In one 
method a non-eIect?olvte such as urea or sucrose 
is adiled to the solution to act as a ri'ferenee 
substance to indicate mov’cment of solvent; 
another (‘inploys a semi-permeable membrane. 
Jlecent work on this problem is discussed by 
Hepburn (Phil. Mag. 1938, [viij, 25 , 1074). At 
the present time it is possible to determine 
differences in the degree of solvation of anion 
and cation, but thi^ absolute values canixtt hi* 
obtained. The hydrogen ion is believed never 
to occur as a free proto?i in solution, but is 
always attached to one or more solvent mole- 
cules. Jf it exists in water as C then the 
chloride ion carries about 4, lithium 14, sodium 
8, and potassium 5 molecules of water of hydra- 
tion. In some eases there may be detiniti* co- 
ordination of water to an ion, but it is more 
probable that the molecules of solvation ai'c 
clustered statistically round the ion by dipole 
orientation in the electrostatic fi(‘ld. 

Abnormal Trafisport Numbrni. — In certain 
cases the transport number varies greatly 
with eoncent ration and may even a()pear to 
become greater than unity. This generally 
indicates the formation of couiplex ions, and, in 
fact, the method can be apj)lied in some instances 
to determination of the structure of complexes. 
Hittorf showed by measurements of electrolytic 
transport that potassium silver cyanide* solu- 
tions contain the fAg(CN)^]' ion. 

Hartley and his co-woikers (Trans. Faraday 
So(*. 193(), 32 , 795; 1938, 34 , 1283, 1288) have 
used a combination of conductivity and trans- 
port measurements (the latter by a special 
modification of the moving-boundary method) 
to study “ micelle ” formation in solutions of 
colloidal electrolytes. “ Transport numbers ” 
as high as 3-3 were found with solutions of cetyl 
pyridiniura iodide. 

J. A. K. 

MILCH DEN (r. Vol. V, 72c). 

MILDEW- AND ROT-PROOFING OF 
TEXTILES. — Mildewing of textiles, which is 
caused by the growth of micro-organisms, is 
manifested initially by the development of a 
musty odour and the appearance of variously 
coloured stains, and later by more stwious 
deterioration resulting in loss of tensile strength. 
The two effects, staining and decay, have often 
been separated, and the former only referred to 
as mildewing, but recent investigations indicate 
that sucli a division is artificial. Under appro- 
priate conditions wool and related animal fibres, 
eotton, silk, bast" fibres, and most rayons, 
whether in the form of fibres, yarn or cloth, are 


liable to attack. Most of the research has, 
how(;vcr, been (‘arrieil out on the degradation of’ 
cotton and wool, although the* War of 1939-45 
has stimulated activity in the rot-proofing of 
jute. 

Cotton . 

Miero-organisms responsible for the mildewing 
of cotton are mainly the lower fungi, bacteria, 
and po.ssibly Actinomyces. Species of fungi 
most comirx)nly met with are Aspergillus, 
Penicillium, Fusarium, Alternaria, M etarrizium, 
Chmlomium (Uohosum, and lifiizopus, whilst 
(dadosporium, Hotrytis, Acrolhecium, Stysanus, 
and others have been isolated in a few instances 
(Bright, Morris, aiul iSummers, J. Text. Inst. 
1924, 15 . t547 ; Calloway, ibid. 193(1, 21 , t277 ; 
A. (\ Thayseu and H. .1. Bunker, “Micro- 
biology of (Jclliilosc, Hcmiccllulose, Pectins, and 
dums,'’ Oxfonl, 1927, ]). 254; Coodavage, 
Amcr. Dyestuff Hep. 1944, 38, p2()5). Tlu' 
vulnerability of all foinis of cotton, ranging 
from raw* filui's to finished cloth, has led to the 
view that with certain fungi the jirimary (‘ause 
of irilection may be in the raw cotton itself. 
Any initial contamination of this type w'ould 
persist through tlx* operations of ginning, 
lialing, and sfiinning, and although it would be 
destroyed during bh'acliing oi- mercerising, the 
material aft(*r such (hemicaJ treatment- would 
still be liabi(> to infection by fungal spores in the 
atmosphere. 

Favourabli* cotulitions an* nec(*sHary for the 
development of mould I'ungi, and temperature, 
relative humidity, and adequate food siijiply are 
important. 3'he requirements of the various 
fungi dilfer considerably. For (*xample, the 
optimum temperature for a w*hito Aspergillus 
wnis shown to be 37 ’(\, whereas that for a green 
Pejiicillium i.s 27\\ (Bright, Morris, and {Sum- 
mers, I.C.). Most Hj)(“ci(‘s grow very slowly at 
tmnperat ures less than 7' e,, but the normal 
temperatures prevailing during the storage and 
processing of eotton are suitable for their 
ilevclopment. It is claimed that fungi are 
killed by lai^k of water, but actually the sjiores 
merely become dormant and, even after several 
months, will grow whenever the necessary water 
is available, l<Vom the results of various investi- 
gations (Ij. I). Galloway and H. Jhirgess, 
“Applied Mycology and Bacteriology,’ London, 
1937, p. 131) it appears that for successful 
mould-growth, (‘ottoii should have a regain of at 
least 8-9%, i.e., it should be in equilibrium 
with an atmosphere of more than 75% relative 
humidity. The precise jninimum relative 
humidity required depends on the particular 
fungus, e.g.j Hhizopus, 90%, A. Candidas, 75%, 
and A. 7iiger, 95% (Galloway, J. Text. Inst. 
19.35, 26 , t123). Ah all fungi can feed on sugars, 
proteins, and starches, the last being degraded 
into sugars which are adsorbed directly, their 
wants are supplied not only by the cellulose 
fibres, but also by starches and sizes present in 
cotton yarn and cloth (Morris, ibid. 1926, 17 , 
t1, t23 ; 1927, 18 , t99). Fungi which are 

incapable of destroying cellulose are often 
present on mildewed goods and must feed on 
starches and sizes, or on degradation products 
of cellulose liberated by other fungi. The several 
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typos of cotton show different degrees of sus- 
ceptibility to degradation, American cotton 
being the most resistant, but all are rendered 
much more susceptible by the presence of sizes, 
especially those containing starches and flour. 

The nutritional conditions outlined above also 
favour the development of bacteria, but these 
organisms require more moisture, and in general 
cause degradation only when the cotton is wet 
(A. C. Thaysen and H. J. Bunker, Second 
Report of the Fabrics Research (>>-ordinating 
Committee, H.M. Stationery Ofiice, 1930). 

Very early stages of mildew may be detected 
by staining with picronigroaine (Bright, J. Roy. 
Microscop. Soc. 1925, 271, 141), which renders 
the mycelium visible, or with Cotton Blue in 
laotophenol (Nopitsch, Textilber. 1933, 14, 139), 
which stains spores blue, whilst the Congo Red 
test, based on the appearance of cotton hairs 
swollen in strongly alkaline solution and subse- 
quently stained with Congo Red, is also of con- 
siderable value in detecting microbiological 
attack (Bright, J. Text. Inst. 1926, 17, t396 ; 
Clegg, ihid. 1940, 81, t49). To estimate quanti- 
tatively the extent of decay, loss of tensile 
strength is often employed, but Thaysen and 
Fleming (Biochem. J. 1920, 14, 25) have 
developed a test in which 0*2 g. of a sample is 
mixed with 10 ml. each of a 15% sodium 
hydroxide solution and carbon disulphide, and 
allowed to soak until the maximum degree of 
swelling is attained. If the cuticle is sub- 
stantiaUy damaged the characteristic “ beading” 
produced on normal cotton disappears, and by 
means of a suitable technique the extent of 
degradation can be estimated. 

Prevention of Mildew. — Mildew of cotton 
may be prevented by maintaining a temperature 
which is too low, and a supply of moisture which 
is insufficient for the growth of fungi. This 
course is possible in storage rooms, but is clearly 
not of universal application. When storage 
under ideal conditions is not practical, the 
material is treated with chemicals, popularly 
known as “ antiseptics,” which inhibit the 
growth of micro-organisms on the fibres and on 
their accompanying sizes, and are applied either 
as a dressing to the material, or incorporated 
into the size mixing. According to Fargher, 
Galloway, and Probert (J. Text. Inst. 1930, 21, 
t245), an ideal antiseptic for general use in the 
cotton industry should have the following 
properties, in addition to a high antiseptic 
efficiency : 

(i) It must not volatilise during the boiling 

of the size mixing or finishing paste, or 
the drying of the sized yam or filled 
cloth. 

(ii) It must be unaffected by heat, by metallic 

surfaces with which it may come into 
contact, and by any of the ingredients 
commo^y used in lushing pastes. 

(iii) It must be sufficiently soluble to ensure 

uniform distribution throughout the 
mixing. 

(iv) It must have no appreciable colour or 

odour, and must not develop any 
cedour in dightly acid or alkaline solu- 
tions. This particular requirement. 


however, is not absolutely necessary 
provided that the colour is not ob- 
jectionable, e.g., cotton proofed with 
mineral khaki. 

(v) It must have no adverse eflects on the 

cotton. 

(vi) If used in a cloth that is to be dyed and 

finished subsequently, it must not 
affect the results produced by these 
processes. 

(vii) To be generally useful, the cost, for equal 

protection, should not exceed that of 
zinc chloride. 

The toxicity of the reagent should, of course, 
be iiigh, and it is considered by Goodavage {lx.) 

I that for complete protection against mildew the 
proofing compound should inhibit the growth of 
Chmtomium globosum, Metarrizium, AapergillvSf 
and Penicillium. 

Of the very numerous compounds suggested, 
some have been used in technical investigations, 
and data concerning their effectiveness are 
available, but others are the substance of 
patent specifications and there is little scientific 
information legarding their utility. The more 
common reagents are described below, but it 
should be pointed out that many are more lethal 
to certain fungi than to others, and that although 
many do not conform to the requirements of 
an ideal antiseptic, this does not prevent them 
from being useful for certain purposes, e.g.^ 
coloured compounds may be used when proofing 
mechanical fabrics. The effectiveness of many 
of the compounds is often increased by the sub- 
sequent application of a water-proofing agent, 
which may be of the wax-emulsion type or an 
aluminium salt. 

Zinc Chloride . — At least 0*8% of this com- 
pound on the total weight of cotton is mecessary. 
If the cloth or yam is subjected to high tempera- 
tures, difficulties are encountered because of the 
decomposition of zinc chloride to yield hydro- 
chloric acid, which causes tendering. Morris 
(I.C., 1927) has shown that in a size, 8-10% of 
zinc chloride (calculated as a percentage of the 
total starch) must be used with wheaten flour, 
and 6% in the case of other starches. Zinc 
chloride appears to be a good antiseptic for use 
on heavily sized goods, but may cause trouble 
by forming zinc soaps by interaction with 
softening agents. 

Chromium Compounds . — These are usually em- 
ployed in the form of a pigment referred to as 
“ mineral khaki.” The oldest method consists 
in impregnating cotton with salts of chromium 
and iron (usuaUy ferric sulphate or ferric alum 
and chrome aluni), and fixing the adsorbed salts 
by development with sodium hydroxide or car- 
bonate. This leaves the cloth alkaline, and 
hence a process has been devised in which the 
development is done by potassium chromate. 
Recent work by Race, Rowe, and Speakinan 
(J. Soc. Dyers and Col. 1941, 67, 218 j 1942, 
58, 32, 61) has shown that the pigments pro^ 
duced in the two cases differ* The second 
method results in the jHroduction of a chrominm 
chromate of the formula 3 Crj, 03 , 4 CrOg and 
an iron chromate 3 re 303 , 2 Cr 03 . I>m^$ 
washing whi<^ fallows the treatment, t^ 
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chromates are hydrolysed to form hydrated 
ferric and chromic oxides, but the chromic oxide 
so produced differs from that deposited on the 
fibres by development with caustic soda or 
sodium carbonate, the former containing more 
alkali-soluble chromium and being more deeply 
coloured. Since the more expensive chromate 
process provides superior protection against 
moulds, and also leaves the cotton approximately 
neutral, it was considered desirable to imitate it 
by modifying the technique of alkali develop- 
ment, and the use of ammonia at 80"c. was 
advocated. The pigment deposited by this 
method contains appreciable amounts of 
alkali-soluble chromium, and closely resembles 
that produced by the chromate process, whilst 
at the same time the cotton is not rendered 
strongly alkahnc. Jarrell, IStuart, and Holman 
( Amer. Dyestiiflf Rep. 1 937, 26, 495) believe that 
the degree of protection produced by most 
“ mineral khaki ” dyeings is inadequate, but 
have sliown tliat if copper salts are also present 
to the extent of at least 0-11% (calculated on 
the weight of cotton), satisfactory protection is 
given. 

(hpper Salts . — These have coiisiderablo toxic 
power and have been employed for mildew- 
proofing, although their use is somewhat limited 
as they stain the material green, and in certain 
forms are comparatively expensive. Cuprain- 
monium hydroxide (used in the manufacture of 
Willesden fabrics), copper sulphate applied with 
caustic soda, basic copper carbonate formed by 
the interaction of copper sulphate and soda ash, 
copper soaps, copper naphthenates (often applied 
along with other naphthenates) and copper pro- 
pionyl acetate have been shown to be elfective. 

Organic Compounds . — Many organic com- 
pounds have been suggested for mildew -proofing, 
and the following are illustrative of the wide 
range : organo-metallic compounds of mercury, 
such as mercury p-tolyl salicylate, p-aoetoxy- 
mercuriacetanilide (Fargher, Galloway, and Pro- 
bert, l.c.)y and phenyl mercury oleate (Furry, 
Robinson, and Humfeld, Ind Eng. Chem. 1941, 
33, 538) ; alkylated dimcthylbenzylammonium 
phosphate, followed by a methyl acrylate resin ; 
substituted phenols, of which the most import- 
ant are o-phenylphenol, and 2-chloro-o-phenyl- 
phenol ; 2:2'- dihydroxy-5:5'-dichlorodiphenyl- 

methane ; tribromo- and trichloro-phenol, and 
pentachlorophcnol; and salicylanilide (“ Shirlan,^^ 
I.C.I., Ltd.). 

Rayon. 

Acetate rayon is resistant to mildew and the 
treatment of cotton or cellulosic rayons with 
acetic acid, acetic anhydride, and acetyl cliloride, 
which presumably function by acetylating the 
cellulose, yield a cellulose acetate which is 
resistant to mould attack. 

Wool. 

The growth of micro-organisms on wool, as 
on cotton, is determined by food, temperature, 
and moisture, the last being most important. 
In atmospheres of about 90% relative humidity, 
moulds, especially those of the genera Penicil- 
lium and Aapergilltis, will flourish, but in damper 
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atmospheres and when wool is immersed in 
water, bacteria such as B. mesentericus^ B. sub- 
iilis, and B. mycoideSy and certain Actinomyces y 
attack the fibre (Burgess, J. Text. Inst. 1924, 
15, t573) and result in degradation to cortical 
cells. The condition and type of wool deter- 
mine its susceptibility to attack, the presence of 
natural grease and suint, added soaps and oils, 
and products of alkaline hydrolysis increasing 
the ease with which it is damaged (Burgess, 
J. Soc. Dyers and Col., 1931, 47, 90). Similarly, 
the pH of the fibres is important, an alkaline 
state favouring the development of bacteria and 
hindering fungoid growth, whereas increasing 
acidity furuitions in the opposite manner. 
Staining accompanies the growth of both 
moulds and bacteria. 

Microbiological damage can frequently be 
minimised by storage under suitable conditions, 
but where this is not possible, use has to be 
made of antiseptics, a number of which have 
been examined by Burgess (J. Text. Inst. 1934, 
25, t289, 391). This author, however, seldom 
employed cultures of bacteria, but as a result 
of an examination which showed the action of 
trypsin to be similar to that of proteolytic 
bac^teria, preferred to test the efficiency of anti- 
septics by measuring their inhibiting action on 
the degradation of wool by a buffered solution 
of trypsin. He has demonstrated that for 
pra(;tical purposes satisfactory protection is 
given by the use of 0*4% of sodium fluoride, 
0-7% of “ Shirlan N Ay ' 0-67% of sodium o- 
phenylphenate, or 1% of sodium silicofluoride, 
whilst })hcnol, formalin, benzoic acid, mercuric 
chloride, salicylic acid, zinc silicofluoride, and 
thallium carbonate also have considerable anti- 
septic power. Treatment of wool with potas- 
sium dichromate confers some degree of resist- 
ance to attack by micro-organisms, and this 
effect is considerably enhanced if “ Bulan N ” 
is applied at the same time. Copper salts, 
especially the iiaphthenates, are also good anti- 
septics, but their use is limited on account of 
staining. These compounds are very effective 
when applied along with cuti;h, although the 
latter has very little preservative action when 
used alone. 

Bast Fibres. 

The microbiological degradation of flax and 
hemp is of especial importance in connection 
with their use in the manufacture of fishing and 
similar nets, and in retting of flax to produce 
the commercial fibre. The latter is discussed in 
Vol. V, 159c, and it remains only to mention 
methods of preservation. Treatments with 
rubber latex (Olie, through Second Report of 
Fabrics Research Co-ordinating Committee, 
H.M. Stationary Office, 1930) after impregnation 
with cutch and other fungicides, and treat- 
ments with copper oleate and tar (Taylor and 
Wells, Bureau of Fisheries Documents, Nos. 947 
and 998, Washington), or copper naphthenate 
are considered to give satisfactory results. The 
fungicide should not be leached out during the 
life of the textile. 

Although jute is heavily lignified it is very 
susceptible to mildew and decay, a fact which 
has considerable commercial significance on 
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account of the use of jute for sandbags and 
similar articles. Degradation is slight under 
dry conditions, but in the presence of wat€^r, 
attack by moulds, bacteria, and actinomyces is 
rapid. As jute is cheap, any acceptable proofing 
operation must also be cheap, and hence many 
treatments which are suitable for cotton are 
impracticable for jute. The most recent results 
(Armstrong, ('hem. and Ind. 1941, 60, CCS) on 
the preservation of sandbags indicate that tar 
distillates having a tar-acid content between 
5 and 10%, copper salts of oleic, stearic, and 
naphthenic acids, copper chromate, coUoidal 
copper, basic copper carbonate, and empram- 
monium compouncls, when used under optimum 
conditions, are efiective. In order to attain 
satisfactory microbiologic*al rcsistanc'c, at lea.st 
0-35% of metallic copper on the weight c»f the 
fibre must be deposited, but in practice jiot less 
than 0-8% should bc' applied initially. When 
proofing with cuprammoiiium salts a coi)per 
content of 1-0-1 *5% is desirable, whilst at least 
26% of creosote is necessary, although this may 
be reduced to 20% if 0-5% of copper is also 
deposited on the libre. In addition to rotting 
due to exposure in water, dc^gradation of jute 
may also take plac es in the centre of bales, a 
phenomenon which is known as “ heart 
damage” (Cross and Bevan, J.8.C.I. 1908, 27, 
1129; Finlow, Mem. Dep. Agric. India, 1918, 
5, 33 ; Thaysen and Bunker, Microbiology ol 
Cellulose, llemicellulose, Lectins and Gums,” 
London, 1927, pp. 268-260). 

General Keeljcenc^es. 

Microbiology of Textile J<lbrc.s, rriiiclle, 'J’ext. Ites. 
1934, 4, 413, 403, .^>55 ; 5, 11 ; 1935, 5, 5)42 ; 6, 23 ; 
1030, 6, 481 : 1037, 7, 413. 

Thaysen et aL, Annals of Applied Biology, 1030, 26, 
750. 

Thaysen and Bunker, Sc'cond Iteport cT the* Fabrics 
Jle.search Co-ordinating Coniinittoe, 11. M. Stationery 
Olllee, 1930. 

Mildew-])roofed cotton fabrics, (loodavagc, Aincr. 
Dyestuff Itc'p, 1043, 33, r205. 

Finishing cjf Army ducks, Beilolet, ibid., p, P214. 
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MILK. 

1. Generaj. DEscdUPTicm ok Milk, 
INCLUnjNCt Coi.C3STRl)M. 

The compositiem of the thick secretion (colos- 
trum or beestings) of the mammary gland is 
especially designed for the suckling of the newly 
born offspring with its limited digestive powers. 
With the dev elopment of the offspring the com- 
position of the colostrum secreted gradually 
changes and assumes the composition of the 
milk appropriate to the particular species of 
mammal. The secretion of this milk con- 
tinues during the lactation period and subse- 
quently diminishes and largely ceases. The 
term ” milk ” is confined to the lacteal secretion 
of the milch cow unless otherwise stated. 

Both the colostrum and the milk which follows 
consist essentially of an emulsion of butterfat 
in a continuous aqueous phase in which are 
lactose and a colloidal suspension of casein, 
stabilised mostly by albumin and globulin. 
Inorganic salts, some in solution and some in 


colloitlal association with the casein, e,.g., cal- 
cium and magnesium phosphates, are also 2)re- 
sent, together with citrates and other minor 
constituents, some of which {e.g., the vitamins), 
are of major importance. 

The percentage composiLion of the colosirimi 
of the cow secreted during the first week after 
j)arturifion is given in Table I. Tyjfical figures 
for cows’ milk arc also included for comparison. 

Table J. — Colostritm (or Beestings). 


(Engel and Schlag, Milch. Forsch. 1924, 2, 1.) 



['I'hc ])r(' colostral Iluid obtaiualdc Bom the udder of 
cows julor t(' parturition is Rimilar in cominwition to 
colostrinn (Woodman and Hammond, .1. Agric. Sci. 
1923, 13, 180).] 

During the period of secretion the p(‘r('cntagcs 
of lactalbnmin, lat-toglobulin (and proteose- 
peptone), casein, ash, and chloride of th(^ colos- 
trum decrease, while the lactoses content in- 
creases. A particular cliarai-tcristic of colos- 
trum during the first 2-3 days of secretion is the 
heat coagulability due to its high content of 
lactoglolmlin (Crow thcr and Raistrick, Biochem. 
d. 1916, 10, 434), wlii< h is believed to be derived 
unchanged from the blood-stnaim {idem, ibid. ; 
Wells and Osborne, J. Infect. Dis. 1921, 29, 
200; Amer. Clu-m. Abstr. 1921, 15, 3677). Its 
iron content is also high, being approximately 
H(‘vcntccn times that of milk (Meishman, ” The 
Book of the Dairy,” l.(Ondon, 1896, j). 3()). 

Definition. — In Britain there is no official 
()(‘finition of milk. According to the Sale of 
.Milk Rcigulations, 1939, and for the purposes of 
the Food and Drugs (Adulteration) Act, 1928, 
milk containing less than 3% of fat or less than 
8-5% of non-fatty solids is presumed not to be 
genuine unless the contrary is proved to be the 
case. 

Incidentally, according to the Public Health 
(Condensed Milk) Regulations, 1923, milk con- 
tains 12-4% of milk solids, including 3*6% of 
fat (both minimum values). This presumably is 
intended to indicate the composition of 
” average ” milk, as distinct from the lower 
limits for genuine milk. 

The Federal definition of the U.S.A. is : 
“ Milk is the fresh, clean lacteal secretion ob- 
tained by the comiilete milking of one or more 
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healthy cows, properly fed and kept, excluding 
that obtained within 15 days before and 10 days 
after calving, containing not less than 8-5% of 
solids-not-fat, and not i(\ss than 3 25% of milk 
fat.” 

The Geneva Congress defined milk as “ The 
integral product of entire and uninterrupted 
milking of the female milch cow in good health 
and well nourished and not over worked. It 
ought to be collected in the proi)er manner and 
contain no colostrum.” 


2. Average Compusitjon of Mti.k. 

Numerous factors (considcied later) aflect 
the composition of cow’s milk, which is by no 
means constant, but the variations in com- 
position are i<>ss evidtmt in bulk(‘d Inu’d-milk. 
The average percentage ]jropoitions of the major 
constitiK'uts of milk are givtui ii] Table 11. 


Tahle 11. 


— 


— 

- — 

— 

— 

ItelVicDfi' 

1 

2 

3 

4 

5 

No. 





Fat . 

:L()i 

3-75 

3 •07 



Non -fa tty 
solids . 
'J’otal N . 
I'otal i»ro- 

8-77 

9-00 

9-02 

0-5240 (100) 

0-5244 (100) 

t('in* 


3 20 

342 

3 18 (95) 

3-15 (94-3) 

Fast-in* . 
Lact- 



2-80 

2 63 (78-5) 

2-61 (78-1) 

alhuiiiiii * 
f.acto- 

j 



|()31 (9-2) 

0 34 (10 0) 

Klol)ulin * 
I’roteose 



0 50 

|oil (3 3) 

0-10 (31) 

pej)toiic ♦ 
Non - pro- 




((113 (4()) 

010 (3-1) 

tein N . 
Non - i>ro- 


(0 03) 


00263 (5 0) 

0 0297 (.5-7) 

tein N 
bodies . 


0-20 




Laetosc . 


470 

4-78 



Ash . 
Other 


0-75 

(>•73 



i^odicH . 


01 5 

0-20 




* C’alc. as Nx()-38. 


The figures in parentlicses represent nitrogen con- 
tents calculated us tlie percentuge of total nitrogen 
in the milk. 

1 Average of 771,002 samides, U. D. Kichniond, 
" Diary (diciuistry,” -Ith ed. revi.sed by Cl. J>. Elsdon 
and Cl. H. Walker, London 1942, ]), 7 

2 Composition of milk usually quoted, op. rit., p. 2. 

Average of results ol‘ various observers, W. L. 

Davies, “ C^hemistry of Milk,” London, 1939, j). 19. 

Based on analyses of bulk milk of mixed herds 
(England) (Howland, J. Dairy Kes. 1938, 9, 47). 

5 Calculated from rcportetl analyse.s of mixed herds 
(II. 8. A.) (Mcnefee, Overman, and Tracy, J. Dairy 8ei. 
1941, 24, 953). 

The above results are subject to certain qualifi- 
cations : those quoted from reference ^ represent 
approximately 45% of commercial samples and 
55% of Public Analysts’ samples, some of the 
latter probably being adulterated with water. 
These average figures must therefore be con- 
sidered slightly low. The results from refer- 
ence ® are averages of the average results 
recorded by different observers, using in many 
cases different methods of analysis. While 
there is no serious criticism of most of the figures 
on that account, the individual protein contents 


must be accepted with reserve, and the total 
protein figure may be high, as it is possible that 
in some eases it has been calculated from the 
total nitrogen content of the milk. The results 
from reference ^ give j^robably the most accurate 
detailed distribution of the protein bodies in 
milk. These results are confirmed by American 
workers (reference *») using essentially the same 
method of analysis. The best approximation 
to the average composition of nulk is probably a 
combination of the results from references “ 
and k It should bo rcmembc'red that the 
recorded figure for ash is sliglitly higher than 
the miruTul content (-sre iScn tion 3 (5) (v)) and the* 
figure in reference for otlii'r bodies ” (cal- 
culated by (liffcrcuice) is accordingly slightly 
low. 

3. The Go^stituexts cjf Milk. 

(a) The Disperse (Fatty) Phase. — fat 
glohulcH of ill ilk', surrounded by a surface layer 
containing juutcin and phospliatides and also, 
according to Koii at al. (Nature, 1944, 154, 82), 
carotenoids and cholesterol, are dispersed in the 
acjueouH phase, forming an emulsion. The size 
distribution ol‘ these globules is affeeted by the 
bre(‘d, healtli, and individuality of the cow'. It 
akso varies a<'cording to the stage of the lactation 
period of the animals and with the type of food 
! consumed, dry feeding j)rodueing smaller fat 
globules ill the milk ( Kunziker, Ihirdue Agric. 
Exp. Sta. Bull. No. 159, 1912). The effect of 
the stage of the lacLation period is most con- 
veniently illustrated by the size- frequency 
distribution gra])h (Fig. 1) constructed from the 
rvsults of Van Dam and iSirks (Vcrslag. Onderz. 
Itijks. 1922, 26, J0()). (In the.se c'urvos the mid- 
points of each range of diameters of fat globulins 
are plotted against the number of fat globules 
occurring in that range, ex])rcsHed as a peri*ent- 
age of the total number of globules measured.) 
As lactation progress(‘s an increase in the 
number of globules less than 2/x. and a decrease 
in globules more than 4 /li. in diamct(*r is evident 
(L^^ons and O’Shea, Sci. Proc. Roy. Dublin vSoc. 
1934, 21, 123). 

(h) The Continuous (Aqueous) Phase. 

(i) The Proteins of Milk. 

For detailed properties, constituent amino - 
acids, etc., see under Proteins. In the present 
article the proteins are considered only from 
the point of view' of tlieir relationship to the 
characteristic properties of milk. 

(a) C'oA’em.-- The terminological confusion con- 
cerning this protein has already been mentioned 
(tJ. Casein, ’VT)1. II, 411a). The term “ casein - 
ogen ” is applied to the protein as it exists in 
milk, and “ liascin ” to the protein separated 
from milk by rennet, acid, etc. In the alterna- 
tive terminology, chiefly adopted in the U.S.A., 
no such differentiation is made, “ casein ” being 
applied to the protein whether or not separated 
from milk, except in the special case of the 
rennet-precipitated protein which is termed 
“ paracasein.” Since casein has not been 
characterised as a chemical entity, the method 
for its determination and isolation (based on acid 
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precipitation at pH 4*7) serves to define it. 
Methods for its isolation and determination of 
its molecular weight by ultracentrifugal studies 
have already been described (Vol. II, 412a). It 
should, however, be pointed out that according 
to Svedberg (Nature, 1931, 128, 999) polymeri- 
sation and aggregation occur during its isolation, 
and consequently the recorded results do not 
®'PPly the protein “ caseinogen ” as it exists 
in milk (^ee aUo Section 4 (p. 1036), on “ Physico- 
Chemical Relationship of Constituents ”). 

(6) Soluble Proteins . — These are generally con- 
sidered to consist of lactalbumin and lacto- 
globulin, which may be separated from fat-free 
milk in a variety of ways. The procedure of 
Crowther and Raistrick (Biochem. J. 1916, 10, 1 


434) is based on the removal of casein by 
addition of potash alum, followed by saturation 
of the filtrate with magnesium sulphate to preci- 
pitate lactoglobulin, and then, after filtration, 
saturation of the solution at 40°o. with sodium 
sulphate to precipitate lactalbumin. Later 
Sjogren and Svedberg (J, Anier. Chem. Soc. 
1930, 52, 3650) prepared crystalline lactalbumin 
by removal of casein and lactoglobulin by half- 
saturation with ammonium sulphate and pre- 
cipitation of the lactalbumin from the filtrate 
by addition of acetic acid to pH 6*2. Palmer 
(J. Biol. Chern. 1934, 104, 369) prepared what 
he called “ lactoglobulin ” from cascin-froe whey 
by precipitation with sodium sulphate, but 
Pedersen (Biochem. J. 1936, 30, 961) considers 



that this substance was probably part of the 
lactalbumin fraction. Incidentall}^ it may be 
mentioned that Crowther and Raistrick (/.c.) 
and also Howe (J. Biol. Chem. 1922, 52, 51) 
separated substances termed “ euglobulin ” and 
“ pseudoglobulin ” by fractional precipitation 
with sodium sulphate. 

During these precipitations, including that of 
casein, the possibility must be borne in mind that 
changes in the proteins, especially molecular 
aggregation, may take place, and consequently 
the substances isolated are not necessarily 
identical with those present in the original milk. 
This criticism does not apply when fat-free milk 
is subjected to the Svedberg ultracentrifugal 
method used for studying the molecular sizes of 
proteins. By this method Pedersen (Biochem. 
J. 1936, 80, 948) and Kekwick (quoted by 
Pedersen) have indicated that in milk from which 
the large caseinogen particles have been removed 
by ultracentrifuging, there are three soluble 


proteins : (i) a protein of low molecular weight 
(Kekwick) ; (ii) a globulin-like homogeneous 
protein of molecular w^eight 39,000, similar to 
that of Palmer (Z.c.), having its isoelectric point 
at pH 6*19 in acetate buffer (these two proteins 
constitute what is normally termed “ lactal- 
bumin ”) ; and (iii) the protein generally known 
as lactoglobulin. 

Lactalbumin is soluble in water, with iso- 
electric point at pH 4'56 (according to Csonka 
et al., J. Amer. Chem. Soc. 1926, 48, 763), or 6*2 
(according to Sjogren and Svedberg, l.c.). It 
may be denatured and coagulated by surface- 
adsorption and by a variety of treatments, in- 
cluding exposure to light, pressure, and heat. 
The ultracentrifugal method in the hands of the 
last-named investigators, has indicated that 
“ purified ” lactalbumin has molecular weight 
varying from 12,000 to 25,000. 

•This protein exists in colostrum and, accord- 
ing to Woodman (Biochem. J. 1921, 16, 187)^ 
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whose conclusions are confirmed by serological 
studios of Sasaki (Arb. med. Univ. Okayama, 
1930, 1, 650 ; J. Dairy Res. 1933-34, 5, 80), is 
not identical with blood-serum albumin. 

iMctoglobulin is a heat-coagulable protein with 
acidic properties. Although its isoelectric point 
is reported to be pH 5-4 (that of blood-serum 
globulin), maximum heat-coagulation of lacto- 
globulin-f lactalbumin is efFectod at pH 4*35- 
4*80. Lactoglobulin is insoluble in water, but 
soluble in dilute acids and mineral salt solutions. 
The lactoglobulin of milk and of colostrum are 
identical with blood-serum globulin, according 
to Howe (lx.). 

(ii) The Minor Nitrogenous Constituents of 
Milk, 

These are generally understood to include all 
the nitrogenous bodies with the exception of the 
casein, lacitalbumin, and lactoglobulin. They 
include traces of other proteins and phosphatides 
associated with the fat globules, together with 
sc(^ondary pi-otcins of a proteose-peptone nature, 
and the residual nitrogenous bodies, namely, 
amino-acids, phosphatides, purine bases, urea, 
ammonia, etc. 

The nature and quantity of the minor nitro- 
genous constituents depend upon the method of 
removing the casein, lactalbumin, and lacto- 
globulin. Heat treatment of milk (10 minutes 
at 100“o.), followed by adjustment of the pH to 
4'7 at ca. 40°c., removes the above-mentioned 
proteins, and subsequent treatment with 8% 
trichloroacetic acid precipitates the proteose- 
peptone fraction, leaving in solution the residual 
nitrogenous fraction (Rowland, ibid, 1937, 8, 6). 
Alternatively, fat-free milk may be defecated 
with certain protein precipitants, leaving in the 
filtrate the last-named fraction, the quantity 
and composition of which depend to some extent 
on the precipitant used (Kieferle and Gloetzl, 
Milch. Forsch. 1931, 11, 62; Munch berg, ibid. 
1933, 16, 50). 

A detailed study of the precipitation of the 
proteins from milk by trichloroacetic acid has 
shown that coiic(!ntration of the acid and tem- 
perature are of importance (Rowland, J. Dairy 
Res. 1938, 9, 30). At room temperature, maxi- 
mum precipitation of the proteins (and hence 
minimum residual nitrogenous fraction) is 
obtained with a concentration of at least 8% 
(preferably 12%) of the‘ acid, whereas at 
elevated temperature [e.g., at 70°c. for 30 
minutes with 4% of the acid, as in Moir’s 
method (Analyst, 1931, 56, 228)] hydrolysis of 
protein (and so increased residual nitrogenous 
fraction) results. 

As the residual nitrogenous constituents are 
largely dialysable, dialysis offers a further 
possible method for their separation from milk 
proteins. 

Rowland (he.) found that the soluble protein 
fraction remaining after removal of casein (pre- 
cipitation by 8% trichloroacetic acid at room 
temperature) was composed of approximately 
24% of proteose-peptone fraction and 76% of 
lactalbumin and lactoglobulin. 

The proportion of the various constituents of 
the residual nitrogenous fraction are shown in 
Table III. 


Table HI. — Re.sidual Nitrooenotts Fraction 
OF Milk. 



Mg. per 

100 g. 

N : rng. 
per 100 g. 

Ref. 

Amino-acids and 




Amides. 




Amino N 

2-9-14-7 

2-9-14-7 

1 . 2 . 3 , 4 , 5 

Lysine, Argi- 




idne, Histidine 

present 

present 

6 

Leucine 

9-2 

0-98 

7 

Glycocoll . 

05-2 

12-7 

7 

Tyro.sinc . 

90 

0-70 

7 

Aspartic acid . 

20 

0-30 

7 

Glutamic acid . 

5-4 

0-66 

7 

Creatine 

.5-3-11-8 

1 -7-3-8 

1 . 2 . 3 

Creatinine . 

3-2-7-3 

1-2-2-7 

1 , 2 , 3 

Urea 

22-3-47*1 

7-1-15-0 

1 , 2 , 3 . 8 

Hippuric acid , 

present 

l)re8cnt 

21 

Phosphatides. 



9 , 10 , 11 » 12 

Lecithin 

present 

present 

Kcphalln . 

present 

present 

11 . 12 

Purines. 




Uric acid . 

3-3-7-5 

M-2-6 

1 , 2 , 3 , 8 

Adenine 

0-50 

0-20 

6 , 20 

Guanine 

10 

0-46 

6 , 20 

Hypoxantiune. 

present 

present 

6 

Methylguanid ino 

]>re8cnt 

present 

19 

Nucleotides 

2-3 


16 

Other bodies. 




.Ammonia . 

0-2 1 

0-1-7 

1 . 4 , 8 . 13 , 

Hiiocyanatc (as 
CNS') . . 

0-913 

0-22 

14 , 15 

18 

Choline (as hy- 




drociilorido) 

40 


17 

I’rimetliylainine 

present 

present 

22 

I'rimethylaminc 



oxide. 

present 

present 

23 

Orotic acid 

present 

present 

24 

Vitamins con- 
taining N {see 
I'able XII). 





1 Kieferle and Gloetzl, Milch. Forsch. 1931, 11, 62. 

2 Blcyer and Kallman, Biochem. Z. 1924, 163, 469. 

3 Denis and Minot, J. Biol. Chem. 1919, 37, 353. 

^ Vlalc and llabbeno, Biocliim. 'J'erap. sperim. 1921, 
8, 325 ; Ainer. Chem. Abstr. 1922, 16, 2658. 

5 Spiiito. Ped. riv. 1920, 34 , 921 ; Amer. Chem. 
Abstr. 1927, 21, 284. 

6 Hijikata, J. Biol. Chem. 1922, 61, 105. 

7 Pichon and Vendeuil, Bull. Sci. pharmacol. 1921, 
28, 300, 404. 

8 Miinchberg, Milch. Forsch. 1 933, 16, 60. 

9 Osborne and Wakeraan, J. Biol. Chem. 1915, 21, 
539. 

10 Arbenz, Mitt. Lebensiu. Hyg. 1919, 10 , 93. 

11 Schwarz and Mezler-Andelberg, Biochem. Z. 1928, 
194 , 362. 

12 Torrisi. Boll. Soc. Ital. Biol, sperim. 1934, 9, 1011. 

13 Burstein and From, Z. Unters. Lebensm. 1936, 
69 , 421. 

H Kluge, ibid. 1936, 71, 232. 

15 Kiemczyckl and Gerhardt, Lait, 1936, 16, 1049. 

16 Bleyer and Kallmann, Biochem. Z. 1924, 158, 459. 

17 Rhian, Bull. Wash. Agric. Exp. Sta. 1941, No. 410, 
33. 

18 Bleyer and Kallmann, Biochem. Z. 1925, 165, 54. 

19 MueUer, Z. Biol. 1920, 84 , 653. 

20 Voegtlin and Sherwin, J. Biol. Chem. 1918, 33, 
145. 

21 Karabinos and Dittmor, Proc. Soc. Exp. Biol. 
Med. 1943, 53, (2), 111 ; Imp. Bur. Dairy Sci. Abstr. 
1943, 6, 151. 

22 Zwagerman, Proc. World’s Dairy Congress, 1931 , 
Sect. 1, p. 172 ; Amer. Chem. Abstr. 1983. 27, 687. 

23 Davies, Agric. Progr. 1936, 13, 112 ; Amer. Chem. 
Abstr. 1936, 30, 4939. 

24 Biscaro and Belloni, Chem. Zentr. 1905, II, 63. 

It should be noted that while the nitrogenous 
bodies enumerated in Table III have been 
identified in milk, it is possible that they are not 
all normally present; some may arise during 
its fractionation or as a result of bacterial action. 
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(iii) The Nitrogenous Bodies associated with 
the Fat (i lobules. 

Oil the surface of the fnt globules of milk there 
exists an adsorbed layer containing phos- 
phatides, etc., but ( onsisting largely of a ]»rotcin 
which has been studied in some d('tail b>' several 
investigators. Ac(‘or(.ling to AViese and Palmer 
(J. Dairy Sci. 10114, 17 , ’2\)) the protein is 
(lifTeremt from casein, lactnlhumin, ami la.cto- 
globulin in its constituent amino-acids, the 
difference b<'ing confirmed by si'rological tests 
(Palmer and Lewis, Arch. Path, and Lab. Aled. 
1983, 16 , 303). 

(iv) The Carbohydrates of Milk. 

The carbohydrates of milk consist almost 
entirely of lac tose. Jt is presemt as an ecpiili- 
brium mixture, the composit ion of which dithers 
slightly from that obtaining in aqueous solution 
(viz. 1 part of a-lactose as hydrate and 1*()5 parts 
of /9-lactose at room temper ature), owing to the 
presence of the milk salts. The rat her low solu- 
bility of lactose in water (7*3% at 15‘'c.), which is 
reduced in presence of sucrose*, is of importance 
in tlu; manufacture of condensed milk. 

Some evidence has been recorded of traces of 
other sugars in milk besidt's lactose. Thus 
Whitnah (J. Amer. (Jhem. 8oc. 1931, 53, 300) 
claims that there exists in milk 0-0'3r)% of 
glucose, while Jones (J. Dairy Res. 1930, 7, 41) 
found 0-0f)% (average value) of a fermentable 
sugar (possibly glucose) in normal milk. 

Carbohydrates have been detected as con- 
stituents of the proteins of milk ; thus Tillmann 
and Philippi (Biochem. /. 1929, 215 , 30, 50) 
found 0*30-0-55% in casein prepared by 
Hammersten’s method and 1*3-1 -5% in the 
albumin4- globulin fraction. Sorensen and Han- 
gaard (Coinpt, Bend. Jhav. Lab. Carlsberg, 
1933, 19 , No. 12) have further developed Till- 
mann and Philippi’s method, and record the 
presence of 0*31% of galactose in Hammersten’s 
casein and 0*44% in lactalbumin. 

Milks of other mammals are claimed to contain 
carbohydrates with properties different from 
those of lactose, e.g., that in mare’s milk is 
fermentable by yeast while, a(;cording to P«lo- 
novski and Lespagnol (Compt. rend. 1931, 192 , 
1319), human milk contains “ gynolactose ” and 
“ alio lactose ” with rotatory powers less than 
that of lactose, the former also having a lower 
reducing power. 

(v) Inorganic Constitutents. 

(a) Major Constitutents of the Ash . — The com- 
position of the ash of milk as reported by H. D. 
Richmond, “ Diary Chemistry,” 4th ed., revised 
by G. D. Elsdon and G. H. Walker, London, 
1942,* p. 20), together with the extremes and 
mean results of other observers, is given in 
Table IV. It will be noted that the sum of 
Richmond’s figures exceeds 100%, owing to the 
fact that metals, which are present partly as 
chlorides, are calculated as oxides. 

Although milk is nearly neutral (pH ca. 6*5), 
its ash is invariably alkaline in reaction. During 
incineration the loss of organic acid radicals 

* Later references in this article to Richmond refer 
to this book. 


Table IV. 


Richmond. Various observers. 



'.’o wt./wt. of ash. 



Evtj’cmcs. 

Mean. 

P?Os . . . 

29-33 

21-57 29-33 

25-67 

CaO . . . 

20-27 

20 01 -27-32 

22-37 

MgO . . . 

2-SO 

2-25- 3-12 

2-63 

Cl ... . 

14-()0 

13-57 1638 

14-44 

SO, ... . 

'rracx; 

'trace - 4-n 

3-39 

FeVO, . . . 

0 40 

0-05 - 0-40 

0-20 

Na^O . . 

()-07 

5-82-1 1-92 

9-03 

Kb . . . j 

28-71 

25-63- 30-33 

26-34 

CO, . . . 

0-97 

0-97 

0-97 


103 IT) 



Less 0=CI 

3 1.5 




lOO-OO 




{e.g.. citrate and ('aseinatc') is grt'atcr than the 
gain in acid rndicals, e.g., ca. 8*)^, of tlu^ phos- 
jihorus pcntoxitle and all the sul])hiir trioxide 
and carbon dioxide are derived from organic; 
bodies. Ai)proximate 70% of the asli of milk is 
insoluble in water and consists largc'ly of the 
double* ]>li().sphal(* CaKPO^, together with a 
small proportion of MgKPO^; the solul)I(‘ 
portion of the asb (30%) consists mostly e)f 
alkali chlorides (Richmond, op. cit., p. 21). 

It is evident that the compositio?! of the ash 
is not the same as that of the mineral con- 
stituents of the milk, whi(*h are considered in 
Section 4. 

(b) Trace Elcwcnts . — The content of certain 
trace elements in milk is to some (extent affected 
by the food ingest(*(l by the* cow. Large in- 
creases in th(* iodine content of milk r(;sulting 
from the feeding of iodinc-ridi rations have been 


Table V.— Trace Elements. 


Element, 

P.p.ni. in milk. 

Fe 

0-40-0 53 25 ; 0-56 26 ; 0-3 27 

Cu 

0-14 0-17 25 ; 013 26 ; () 09-0-17 


(uv. 0-12) 28 

Mn 

0*05- 0-17 29 0 06-0-17 5o 

Pb 

0-02 0-04 51 

Zn 

1-76-4-45 (av. 3-3) 52 

1 

0-100 52 ; 0-145 simiiner, 0-060 


winter 54 ; 0-42 35 

B 

0-2 36 

F 

Trace. 

Si 

0-18-0-53 37; 1.2-4 0 38 

Al 

1*9 39 


25 Krauss and Wa8h})urn, Ohio Agrlc. Exp. Sta. Bull. 
No. 5.32, 3 934, p. 03. 

26 liemy, Z. Uuters. Lobensm. 1932, 64, 545. 

27 Ron, (Jhem. and Ind. 1943, 478. 

28 Sylvester and Lampitt, Analyst, 1935, 60, 376. 

29 Richards, Biochem. J. 1930, 24, 1572. 

50 Buttner and Miermeister, Z. Unters. Lebensm. 
1933, 65, 644. 

51 Kasahara et al., Jahrb. Kinclerheilk. 1936, 147, 
357. 

52 Sato and Murata, J. Dairy Sci. 1932, 16, 451. 

53 Leitch and Henderson, Biochem. J. 1926, 20, 1003. 

34 w. L. Davies, “ Chemistry of Milk," London, 
1939, p. 472. 

35 Eolev, J. Dairy Sci. 1942, 25, Abstr. 56 ; Milk 
Dealer, 1941, 80, 39. 

56 Bertrand and Agulhon, Compt. rend. 1913, 166, 
2027. 

57 Strohecker et al., Z. Unters Lebensm. 1935, 70, 
345. 

58 Kettmann, Milch. Forsch. 1927, 6, 73. 

39 Lehmann, Arch. Hyg. Bakt. 1931, 106, 309. 
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reported (Kieferle et al., Milch. ForHch. 1927, 4, 
1 ; Liirido and (/loss, Norsk. Mag. Laegevidensk, 
1936, 97, 377); the results of feeding an iron- 
rich ration aie contradictory, while cop]>er in 
the feed has little effect on the copper content 
of the milk (.5fcc aho inule.r Section II, “ Off” 
flavours of Milk, p. lllcZ). The iodine content 
of colostrum is relatively high (up to 2-9 p.p.m. 
according to Mj(dhke and Oourlh, IMiich. Korsch. 
1932, 13, 394), but during se(‘r(dion rapi<lly falls 
to the normal value foi‘ milk (approximately 
0-1 p.p.m.). The zinc content of (tolostrum (Sat(» 
and Murata, .1. Dairy Sci. 1032, 15, 451) and also 
the silica cont<*nt D'^tdtmann, Milcli. Forsch. 
1927, 5, 73) change in a similar manner to the 
iodine content. 

It should be br)rne in mind that some of the 
trace elements found in milk juay not b(‘ 
naturally f)r(‘Ment but inay hav(* Ikhmi introduced 
during proc(\ssing silicon, iron, eopj)er, and 
tin). Typical recorded figures are givtm in 
liable V'. 

Spectrographic cxamijiation of milk ash has 
been made l)v several in vc'stigators, but the 
results are sonicwhat convicting (.vce Dingle and 
Sheldon, .BiocVu'in. d. 193H, 32, 1078, who reh r 
to papers by Wright and Papish, De, Bl uni berg, 
and Rask), 


(vi) Misr( llaneoH'^' ( ^onslituents. 


(1) Citrate . . 

(2) Oases CO 2 . 


O2 . 

H2S . 

(2) Cholesterol 


(4) Vitamins . 


Tablk VI. 

007 O-fVo. av. 0-l.s% (calc, as 
citric acid). 

l()^^, by vol, in milk in iiddi'r, 
imincdiatcJy alter milkiii^i, 
I’allin}^ to 

'I'nicc. 

'Trace in l)oilc-d milk. 

0 01 or* -OOl (Denis and Minot, 
J. Mini, (diciii. 1018, 37, 353). 

See under “ Nutritional Value,*’ 
]). 100a. 


The reported distribution of calcium and 
phosphorus between («) the dialysable and non- 
dial\ sable fraction, (6) the soluble and insoluble 
fractions after rennet treatment, and (c) the 
soluble and insoluble fractions after trichloro- 
acetic acid treatment of milk is given in Table 
Vll. 


T.ABMi: VII. — Distribution of (Jalcium 
AND Phosphorus in Milk. 

(rt) Separated mill:. Lam])itt et al. (Biocliem, J. 
1037, 31, ISO I). 


Dialysable Inorganic P . 
,, organic, P 

Ca . . . 
Mg . . . 


% in non-fatty % of total 
milk .solids. present. 


Ofi.3-0-77 
()-31 -0-38 


33-43 
7-1 5 


()-l<) 0-35 62-83 


ih) Mlutle }nilk {{) \ \ total ? and 0130% total Ca) 
treated /ritli rennet. Lin}/ (.). Dairy Res. in3'7, 7, 173). 


of total P. 


Soluble. 


[nsolnble. 

'I’otal .... 

511 

'Total .... 48-9 

I norj/anic . 

33-5 

Inorganic . . 30 0 

Oi^/anie (cKlor P) , 

17-6 

(27-7 as CadP 04)2 

2-3 as Mg 3 (P 04 ) 2 ) 

Organic ... 18-9 



(16 0 as casein 

2-3 as phosphatides) 


”{, of total Ca, 


Soiu bio. 

Insoluble. 

I’otal . . . . 

33-3 

Total .... 66*7 



(46-4 as Ca 3 (P 04)2 



20-3 a.s casein) 


4. Pliysiro-CHEMIOAL RrJ.AT10N8HIl» OF (V)N- 

STITUENTS. The (%)MPLEX OF ('AHEIN WITH 

THE Calcium and Phosphate in Milk. 

It is generally agrc*cd .that the dispersed in- 
soluble constituents of milk contain calcium 
phosphate (with a trace of magnesium phos- 
phate), but opinions are divided as to whether 
this is present as di- or tri-calcium phosphate. 
The work usually quoted is that of Van *Slyke and 
Bosworth (J. Biol. Chem. 1915, 20, 135; 191(5, 
24, 191), which indicates that milk contains 
either a mixture of dibasic calcium phosphate 
and calcium caseinate (containing eight equi- 
lents of calcium) or tribasic calcium phosphate 
with an acid caseinate. As a result of a study of 
material separated on centrifuging (separator 
slime), these authors preferred the former 
alternative. Other workers have supported 
that view, but of more recent date Pyne (Bio- 
chem. J. 1934, 28, 940), Ling (J. Dairy Res. 
1936, 7, 145; 1937, 8, 173), and Ramsdell and 
Whittier (J. Biol. Chem. 1944, 154, 413) have 
submitted evidence suggesting that the major 
portion of the colloidal phosphate in milk is in 
the form of Ca 3 (P 04 ) 2 . It is doubtful whether 
there is any association, other than a purely 
physical one, between the casein and the 
coUoidally dispersed insoluble phosphate. 


(r) Whole, milk (0103% total P) precipitated with 8 % 
CCI 3 COOH. (iraham and Kay (J. Dairy lies. 1933- 
34, 5. 54). 


% of total P. 



Acid- 

soluble. 

Acid- 

insoluble. 

Total P . . 

Inorganic P 
Organic P . 

75 

65 

10 (cater P) 

25 

nil 

(as phosphatide 
(as casein 

6-5) 

18-5) 



5. Factors affecting the General 
Composition of Milk. 


(a) Breed of the cow has an effect on the 
milk which is perhaps most evident in its fat 
content. The latest and most authoritative 
published data are given in the Reports of the 
Livestock Improvement Scheme, 1937 and 1938 
(J. Min. Agric. 1937, 44, 875 ; 1938, 45, 950), 
from which have been taken the average fat 
contents of many samples of milk from various 
breeds of cow during two twelve -monthly 
periods {see Table VIII). 

It should be mentioned that the breed giving 
milk of the lowest fat content may give the 
highest yield of fat. 
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Table VIII. 


Breed. 

Average fat content, %. 

Year 
ending 
Oct. 1936. 

Year 
ending 
Oct. 1937. 

Ayrshire 

3-78 

3-81 

British Friesian . 

3-26 

3-29 

Guernsey 

4-61 

4-61 

Jersey 

.'■v04 

60.5 

Lincoln Bed .... 

3-62 

3-72 

Bed Poll 

3-62 

3-64 

Shorthorn .... 

3-58 

362 


(6) Individuality of the Cow. — Individual 
cows of the same breed kept as nearly as possible 
under identical conditioxis of feeding and en- 
vironment, etc., show differences in the milk 
produced, mainly evident in the fat, lactose, and 
protein contents. Samples of successive milk- 
ings from cows producing milk of normal com- 
position show less variation in the proportion of 
these constituents than samples from cows pro- 
ducing abnormal milk (Davies, J. Dairy Kes. 
1933, 4 , 142). When the milk yield from any 
individual cow increases, the fat content usually 
decTeases, and vice versa. 

(c) Variation during Milking. — As milking 
progresses the fat content of the milk increases 
from ca. 2-0% in the first-drawn (fore) milk to 
ca. 8-0% in the last-drawn milk (strippings)', the 
non-fatty solids content (calculated on the fat- 
free milk) remaining fairly constant (Bartlett, 
ibid. 1934, 5, 113). 

{d) Frequency and Intervals between 
Milking. — Cows milked twice a day usually give 
relatively more morning milk, of somewhat low 
fat- content, and less evening milk, of higher 
fat-content, the solids content of the aqueous i 
phase remaining constant (Bartlett, Lc.). The 
above differences in fat content are attributed 
in part to the difference in time interval between 
the milkings ; more milk and fat is accumulated 
in the udder per hour during the night interval 
than during the day (Campbell, ibid. 1931, 3, 
52; 1933, 4 , 28; Oxley, ibid. 1935, 6, 113). It 
has been computed by Mackintosh (quoted 
by W. L. Davies, “ Chemistry of Milk,” London, 
1939, p. 24) that for each hour by which the 
interval between milkings exceeds 12 hours, the 
fat content of the milk is lowered by 0-10-0'15%, 
and for each hour by which the interval is less 
than 12 hours it is raised by 0*20-0-26%. 

Milking three times each day is not so generally 
practised and has been less exhaustively 
studied. The fat contents of the three milkings 
differ and are in general agreement with the 
principles indicated above as to the effect of the 
time interval on the composition and yield of 
milk. 

(e) Stage of Lactation.— After the period of 
colostrum secretion and during the first 3-4 
months of the lactation period there is a 
tendency for both the fat and the non-fatty 
solids contents of milk to decrease, and there- 
after to increase (Crowther, J. Agric. Sci. 1905, 
1 , 167 ; J. F. Tocher, “ Variations in the Com- 
position of Milk,” H.M.S.O., 1926; Drakeley 
tod White, J. Agric. Sci. 1927, 17 , 126 ; Rags- 


dale and Turner, J. Dairy Sci. 1922, 5, 22; 
Becker and Arnold, ibid. 1936, 18 , 389 ; Crowther 
and Ruston, Trans. Highland Agric. Soc. 1911, 
23, 93). 

During the lactation period the protein content 
increases (by 0-6%), according to Tocher 
(Analyst, 1926, 51, 606), and both the fat content 
and the yield of milk progressively decrease 
(Oxley, Lc.). 

if) Age of Cow. — Milk from progressive 
lactations exhibits decreasing fat and non-fatty 
solids contents, hut after the seventh pregnancy 
there is a tendency for the non-fatty solids to 
increase slightly. The milk yield increases up 
to the seventh lactation and then falls (Bartlett, 
J. Dairy Res. 1934, 5, 113, 179). Tocher 
{op. cit.) gives regression equations for the pro- 
portion of various milk constituents, showing 
that only in the case of the albumin nitrogen is 
there an increase with age of the animal. 

(g) Effect of Feed. — The change from stall 
feeding to grazing in the spring has been claimed 
by many to cause an increase in yield and 
decrease in fat content of the milk, although 
Golding et al. (J. Diary Res. 1933, 4 , 49) state 
that the latter is probably very small, depending 
on several factors. Fasting, or feeding on a low 
ration, causes an increase in the protein and fat, 
and a decrease in the lactose content of the milk 
(Smith et al., ibid. 1938, 9 , 310; Turner, Univ. 
Mo. Agr. Exp. Sta. Bull., No. 365, 1936 ; Araer. 
Ohem. Abstr. 1936, 30, 7231). Diet deficient in 
protein leads to loss in milk yield and some 
reduction in fat content, both of which may be 
restored, but not further increased, by adding 
protein to the ration. 

Many investigations have been made on the 
effect on the composition of the milk of additions 
to the diet of salts, oils and fats, oil cakes, etc. 
The results are mostly contradictory (Rich- 
mond, op. cit., p. 47), but in general it may be 
concluded that additions to a well-balanced 
ration have little or no effect on the quantity 
and quality of the resulting milk. It has been 
reported that feeding of oils, such as cod liver, 

I linseed and rape oils, alters the composition of 
the milk fat (Hilditch and Thompson, Biochem. 
J. 1936, 30, 677). 

{h) Effect of Season, Weather, and 
Climate. — Table IX gives the average com- 
position of some 66,000-65,000 samples of milk 
for each of the 12 months during the years 
1910-13, compiled from results supplied by 
Public Analysts (Richmond, op. cit., p. 61). 

The fat content is at its highest in the autumn 
and lowest in May and June, while the non-fatty 
solids content is low in April and lowest in July 
and August. 

The effects of weather conditions, the season 
of the year, the lactation period, and the type 
of food are to some extent inter-dependent and 
have not been separated in a satisfactory manner. 
From available evidence the general conclusion 
has been drawn that “ the effects of weather 
conditions on yield and quality are compara- 
tively slight and of a temporary nature. A 
change to a decidedly high or a decidedly low 
temperature tends to reduce the yield of milk, 
the fat percentage remaining the same or being 
even slightly increased ” (Mackintosh, Trans. 
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Table IX. — Monthly Avekaoe 
Composition of Milk. 


Month. 

Fat, %. 

Non-fatty 
solids, %. 

January 

3-65 

8-79 

February 

3 -.58 

8*77 

Mard) 

J '54 

8-76 

April 

3-52 

8*73 

May 

3-46 

8-79 

Juno 

3-44 

8*79 

July 

3-53 i 

8*69 

August 

3-60 

8*68 

Septenii)er .... 

3-68 

8-76 

October 

3*8(1 

8-82 

November 

3-81 

8*81 

December 

3*75 

8-78 

'fotal average for 603,315 



samples .... 

3*61 

8*77 


Highland Agric. kSoo. Scotland, 1925, 87, 126). 
During drought conditions the protein a,nd fat 
contents of tht‘ milk increase, and the lactose 
content decreases. 

(i) Effect of Disease. — The first effect of ill 
health of the ( ow on the milk is usually a falling 
off in the yield, which may he followed by a 
change in the proportion of the constituents. 

The effect of mastitis infection is to ri‘duce tht‘ 
casein, fat, and lactose, and to increase appreci- 
ably the chloride content of the milk (Vanland- 
inghain el al., J. Dairy Sci, 1941, 24, 383). 
Much work of recent date has suggested that 
apparently healthy cows yielding milk of Ioav 
non-fatly solids content may be suffering from 
sub-clinical mastitis (Howland, J. Dairy Res. 
1938, 9, 51). This has been supported by Foot 
and Shattock {ibid., p. H)6) and by Howland 
and Zein-el-I)ine {ibid., p. 182) who showed that 
those cpiartcrs ol' the udders of the cows infe(‘ted 
with Sir. agalc.clem (mastitis) gave milk with 
significantly lower non-fatty solids than unin- 
fected ones. Sub-clinical Staphylococci mastitis 
infection reduces the casein content and in- 
creases the pH of the milk (Shattock and Mat- 
tick, ibid. 1940, 11, 311). 

( j) Effect of Hormones. — As the result of 
mu< h experimental work in recent years, it has 
been found possible to increase the yield of milk 
during declining lactation by administration of 
hormones. Coincident with this stimulation of ! 
the secretion of milk, the daily yield of butterfat 
may be increased as much as 60% by repeated 
injection of anterior pituitary extracts (Folley 
and Young, Biochern. J. 1939, 33, 192), and the 
yield of non-fatty solids by injection of thyroxine 
or by addition of dry thyroid to the feed (F’olley 
and White, Proc. Hoy. Soc. 1936, B, 120, 346). 
Oral administration of iodinatod proteins 
(especially iodinated casein) has also been found 
to give increased yield of milk during declining 
lactation (Reineke and Turner, J. Dairy Sci. 
1942, 25, 393). Oestrogens have the effect of 
inducing lactation in barren animals, but in- 
hibit established lactation (Folley, Vet. Rec. 
1944, 56, No. 2, 9). Restricted supplies of 
hormones have prevented their use on a large 
scale. 

(it?) Other Influences which affect the com- 
position of the milk are seximl excitement, 
which often, but not invariably, results in a 


I temporary increase in fat content, and milkiri^ 

I by unskilled personnel, which causes reduction in 
yield and in fat content of the milk. 

6. Relationship between the Milk 
Constituents. 

Studies on the variations in the percentage of 
the various constituents of milk from healthy 
cows show that usually, when the fat content 
incroa.ses, the protein, ash, and chloride contents 
also increase, while the lactose content decreases. 
In spite of these variations and those resulting 
from disease, the osmotic pressure of the milk 
(conveniently determined from the depression of 
the freezing-point) remains remarkably constant 
(.5CC Section 7(6), p. 107a). From this it follows that 
one important relationship between the consti- 
tuents of milk is determined by the constancy 
of the sum of the osmotic ])re8sure8 of the 
individual constituents. The chloride and the 
lactose together account for approximately 80% 
of the total osmotic pressure, thus enabling 
formulae relating percentage of lactose (L) with 
that of chloride (as chlorine) (C) to be derived. 
4Tiur : 


44(i/ i C)^a constant 
1()0C'/X<!- usually 

h>7-l0 r)C * 
707-1 86' 

Also X^G-Oxasli % 

* This relatlonshij) lias 
study on the Continent, an 
of added water {nee J orct a: 
20, 341, 403 ; PaKetand 0 


(Kopatschek, Milch. Zentr. 
1922. 51, 85). 

(Koestier, Landw. .lahrb. 

Schweiz. 1922, 36. 133). 
(Mathieu and Perr(^‘, Ann. 

Falsif. 1914, 7, 12). 
(Sundberg, Z. Unters. Le- 
beiisin. 1931, 62, 509). 
(Bouin, Ass. Franc, pour 
Tavaiic. sci. Strasbourg, 
1920, 62). 

been the subject of much 
d is applied to the detection 
lid lladct. Ann. Falsif. 1927, 
end, ibid. 1934, 27, 157). 


Certain relationships involving the protein 
content have also been proposed. Thus : 


L : % protein : % ash (Vieth’s ratio) (Analyst, 
=-13:9:2 1888, 13, 49, 63; 1891, 

16 , 203). 

% A8h----0-lx% protein (Sherman, J. Anier. Chem. 
-0-38 Soc. 1903, 25, 132). 


The distribution of the nitrogen of milk between 
the various protein constituents is as follows : 


Nitrogen combined as i 

Percentage of total N. 

Oasein ^ 

76*5 

Albumin 2 

120 

Globulin 2 

6*0 

Total protein 2 

I 94*0 


1 Goldberg et at. (J. Dairy Res. 1932, 4 , 48). 

2 Davies p. 142). 


7. Physical Properties. 

(a) Colour. — The colloidal calcium phos- 
phate and caseinate and the emulsified fat are 
responsible for the white appearance of milk in 
reflected light and opacity in transmitted light. 
The creamy colour results from the presence 
of carotene in the fatty phase and riboflavin in 
the aqueous phase. When the fat rises, the 
aqueous layer appears by comparison with the 
cream layer to have a bluish tinge, the intensity 
of which increases as the fat content of the 
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aqueous layer decreases. Variations in the 
proportions of the constituents previously 
enumerated naturally affect the colour of the 
milk. 

(6) Surface Tension. — The recorded figures 
show a range of 46*5-53-3 (most samples 49-52) 
dynes per cm. (Velu and Belle, Compt. rend. 
8oc. Biol. Paris, 1935, 119 , 678). dilution, 
skimming, and homogenising have little effect 
on the surface tension, but variations occur 
when tho propcTties of the calcium caseinate are 
changed, e.j/., by alteration of the pH. 

(c) Viscosity.— While the viscosity of milk, 
as that of other liquids, varies with temperature, 
the preseiK'c of the fat globules introdiK^es an 
additional effect dependent upon their size and 
form (tendency to form clumps on standing) and 
the plastic propcTlii's of the fat itself. The* 
viscosity of whole milk is greater than that of 
separated milk and, with rise in temperature, 
decreases at a great(T rate. Ilomogtaiisation of 
whole milk causes an increase, pasteurisation and 
freezing followed by thawing a de(a-eas(‘, in 
viscosity. There is no signilicant clningt' in 
viscosity of separated milk at 20‘('. with in- 
creasing acidity up to 045% (calculated as lactic 
acid). At higher acidities the viscosity iiuTeases, 
owing to increased hydration of the protean 
(Mohr and Oldenberg, Milch, Forsch. 1929, 8, 
429, 576 i Mohr and Moos, ihid. 1934, 16 , 188; 
Bateman and Sharp, J. Agric. Res. 1928, 36 , 
647). Tupernoux and Vuillaume (CJompt. rend. 
Soc. Biol. 1934, 115 , 1128) reported that the 
viscosity of whole milk at 15''o. is 0*021 to 0*026 
poises, atid of separated milk 0*018 to 0*019 
poise.s. 

(d) Electrical Conductivity. — Wide varia- 
tions are recorded in the conductivity of milk, 
Kreiin (Milch. Forsch. 1933, 14 , 513) giving 
values of 38*0-68*4x10“^ mhos, mostly 41- 
50x10“^ mhos. The conductivity shows little 
correlation with the amounts of the various con- 
stituents present in the milk, except in the ease 
of the chloride content, with which it is approxi- 
mately proportional (chlorides form the bulk of 
the soluble salts in milk). Nienieczycki and 
Galecki (Lait, 1938, 18 , 1009) recommended 
determinations of conductivity of milk as a 
means of indicating abnormality, a value greater 
*than 54x10“^ mhos being considered abnormal, 
suggesting mastitis infection. The conductivity 
of milk is also increased by the addition of 
neuralisers or ionisable preservatives. 

(6) Cataphoretic Behaviour. — Under the 
influence of a direct electric current, not only 
the proteins, but also the fat globules of milk, 
migrate to the anode or cathode, acc;ording to 
tho pH. Mohr and Brockmann (Milch. Forsch. 
1931, 11 , 211) found that the proteins and 
also the fat globules of milk migrate to the 
cathode at pH <4*3 and to the anode at pH >4*3. 
Butter fat dispersed in water behaved similarily, 
except that the critical pH is 3*0, the difference 
being attributable to the protein adsorbed on the 
fat globules of milk. These authors stated that 
neither heating nor homogenisation affect the 
cataphoretic behaviour of the fat globules in 
milk. 

(/) Redox Potential.— Buruiana (Lait. 1931, 
12 , 785) found that the Ejh of milk is approxi- 


mately + 0*200 V., and may be reduced to 
ca. —0*200 V. by bacterial action and by heating. 
F'or the relationship between the devfdopment 
of “ oxidised ” flavour and tho redox potential 
of milk, see Section 11, p. 112^?. 

(g) Refractive Index. — The refractivity of 
milk is an additive property of the soluble 
constituents. It is usually determined on the 
serum, the value obtained depending on the 
precipitant used for defecation, copper sulphate 
being generally list'd. Elsdon and Stubbs made 
a very thorough study {see papers in Analyst, 
1927-30) of the refractive index of the copper- 
sulphate serum of milk, and recorded values 
obtained by the Zeiss dipping-refractometcr ol' 
37-39 (average 38*3) for 997 samples (equiva- 
lent to refra<‘tive indices of 1*3415 to 1*3423, 
average 1 *3420). These authors chiim that 5% 
of added wattu* may be detected in milk by this 
method. Tocher (Lr.) gives the same average 
value of 38*3 for 676 samples, 

(//) Specific Gravity. — The presence of air 
bnbbles in frt'shly drawn milk normally ])re- 
(-ludes the accurate determination of its s]).gr. 
until after the elapse of 1 hour after drawing. 
The sp.gr. increases slightly up to 12 hours after 
milking (Ri'chnagel phenomenon), owing to thi* 
change in sp.gr, of the fat during gradual solidifi- 
cation (Richmond, op. rit., p, 85), or, according 
to Ryenson and Dahle (J. Dairy Sci. 1938, 21, 
601), to an increase in the amount of bound 
water in tin* lyopliilic' colloids. Determinations 
(ff the sf).gr. of milk arc' thi'n idre made aftc-r the 
elapse* of several hours (ea. 12) after drawing. 
Recorded values for skimmed milk vary between 
1*032 and 1*0365 at 15'k'., and for whole milk of 
normal fat content from 1*028 to 1*034 (average 
1*032), although individual cows may give milk 
with sp.gr. between 1*0135 and 1*0397. Tocher 
{Lc.) records the sp.gr. distribution frequency of 
676 samples which gave values between 1*025 
and 1*036. 

tSevcral formula* have Ix'cn evolved, relating 
total solids content (T), fat content (F), and 
specific gravity (F) of milk. Richmond {op. rit., 
p. 122) gave T 0*25x 1,000(8-1) f 1 *2F+013, 
and constnicteil a slide- ruh* from which sp.gr., 
fat content, or total solids (*ontent may be com- 
puted when two of the values arc knowm. 

(?-) Specific Heat.-- The recorded value for 
the specific heat of skimmed milk at normal 
temperature is 0*95, and for whole milk 0*92 up 
to lO^'in, 0*95 at approximately 20”c., 0*03 at 
30-50°c., and 0*94 at 60”c. The high value at 
20”c. for whole milk is due to the effect of the 
latent heat of fusion of the fat (Bowen, U.S. 
Dept. Agric. Misc. Publ. 138, 1932). 

{j) Boiling Point. — From the known cryo- 
scopic and obullioscopic constants of water and 
the average freezing-point depression of milk, the 
elevation of the boiling-point of milk may be 
calculated to be approximately 0*15°c. Bowen 
(l.c.) records, however, a determined boiling- 
point of 100*55°c./760 mm. The boiling-point is 
affected by the amount of calcium phosphate 
and citrate deposited during heating. 

(ifc) The Osmotic Pressure of mill^ is its 
most constant property, being unaffected by the 
breed of cow, period of lactation, feed, season, 
etc. It is the sum of the osmotic pressures of 
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the milk constituents and amounts to 6-78 atm., 
according to Costo and Shelbourn (Analyst, 
1919, 44 , 158), who also indicate the proportion 
duo to each constituent, the lactose and the 
chlorides contributing the major proportion. 
It follows from the constancy of the value that 
any change in the proportion of one constituent 
is acc{)m])anicd by a change in others, e.jr., 
when the lactose content falls the chloride con- 
tent rises. 

(l) The Depression of the Freezing- 
Point J (the difference between the freezing- 
point of milk and that of water), being a function 
of the osmotic pressure, is etpially constant. 
Its determination affords therefore a convenient 
moans by which to estimate water added to milk. 
Exhaustive studies of the method of determining 
A made by Moni(ir- Williams (Food Report 
No. 22 , H.lVi.S.O., 1914 ; Analyst, HKW, 58, 254 ) 
and by FJlsdon and Stubbs {ibid. 19110 and 191111 - 
36 ; d.S.C.l. 1931 , 50, 135 t) have led to the 
fairly general adoption of tlie Hortvet irudhod 
prescrilu'd by the Assoc iation of Official vVgncul- 
tiiral (4iemists (“ Methods of Analysis,” 1930 , 
p. 275 ). The range of ligures cpioted in the 
literature for J, obtained by different techniejuos, 
is 0490 - 0-748 r. (extremes), and the normal 
range 0-512 ()- 580 "r., average values being 
0 * 537 - 0 - 570 °r. Some of the higlu-r recorded 
results may be due to the fact that increase of 
acidity of milk increases its A. Elsdon and 
Stubbs (Analyst, 1934 , 59, 146 ) gives A values of 
(t- 529 - 0 - 563 "(\ for 1,000 fresh, genuine sampl(*s, 
the averag(5 b(‘ing 0 - 544 "c. These authors state 
that milk with A 0 - 53 '^ or above should be (-on- 
sidered genuine, and that the ])nvsence of 5 % of 
wat(T added to normal milk may readily be 
determined by this method. 

(m) pH . — The usual pH range of fresh milk is 


6-4-6-9 (average 6’6), but the figure varies 
according to the condition of the udder of the 
cow and to the effects of miciro-organisms 
present in the milk. The pH is increased by 
dilution and reduced by heating, 

(a) Buffer Capacity and Acidity. — Milk 
has a strong buffer capacity, attributable largely 
to the proteins, the citrate, and the phosphate 
present. At pH f)-5 the buffer capacity is 
greatest and at pH above 8*5 it is least. The 
buffering effect at the lower pH is due largely 
to the phosphates and at the higher pH to the 
proteins. 

The acidity of noiunal milk as determinc'd by 
titration with sodium hydroxide, using phonol- 
phthalein as indicator, is 6-14-U*18% (calculated 
as lactic aci<l) ; a hgure of cu. 0-19% for genuine 
milk indicati's incipient souring, and below 
0-13% suggests that the milk has Imh'u derived 
from unhealthy cows (X'^aillant, Lait, 1935, 15, 
961). The phenolphthalein end-point is not 
sharp, owing to the slow precipitation of 
tricaleium phos])hate (tSummer and Menos, 

I J. Dairy Sei. 1931, 14, 136). The fading may be 
minimi^('d by dilution of the milk, when the 
titration figure is reduced, or it may b(^ pre- 
vented by addition of potassium oxalate before 
titration to nunovt^ calcium from solution, wlum 
the titration figure is reduced to a degree 
dependent on the amount of oxalate added 
(Pyne, Bioc-hem. J. 1934, 28, 940). 

8. Enzymes. 

{See Table X.) 

The enzymes of milk consist of native enzymes, 
i.e., thos(‘ present in the milk in the udder, 
and enzymes originating from contaminating 
bacteria. 


Table X. — Enzymes Present tn Milk. 


P^nzyino. 

Siil)strate. 

Pre- 
formed 
in milk. 

l>ne to 
Iweteria. 

Conditions 
for in- 
activation. 

Opti- 

mum 

pll. 

Opti- 

mum 

tempera- 

ture. 

Prod^iet of 
reartloii. 

(a) Eaterases. 








(i) Lipase. 

Pat : butyric 

-f- 

y 

63°, 20 min. 

8-0 


Fatty arid. 

esters. 






(ii) Phosphatase. 

P esters. 



63-0.5°, 1 5 

0-0 

— 

Inoi'Kanio plios- 





min. ; im- 
mediately 
at >75". 



phato. 

{h) Protease. 







Galactase. 

Protein. 

-1 

-- 

72-80" 

6-4-7-2 

37 42° 

Peptones. 

(c) Carhohifd rases. 








(i) Ijactasp. 

Lactos(‘. 

y 

— 

— 

6-0 

— 

(jlucose j galactose. 

(ii) Amylase. 

Starch. 

4- 

-f 

60-65° 

5-8-6-2 

30° 

Dextrin and re- 




1 hour. 



ducing sugar. 

{d) nehydrogenases. 








(i) Kednetasc. 

Methylene Blue ; 

— 

b 


5-,5-8-5 

— 

Leuco-compounds. 

.Resaziirin. 







(ii) SchardiriRer 

Methylene Blue 





r 

Leuco - compounds 

enzyme. 

and formalde- 
hyde. 

1 

_ 

75° 

8-0 

40° < 

and formic acid. 

(iii) Xanthine 

Methylene Blue 

I 


pH<4or>9 


1 

Leuco - compounds 

oxidase. 

and Xanthine. 

J 



L 

and uric acid. 

(r) Oxidases. 








(i) Peroxidase. 

H 2 O 2 . 

+ 

y 

70-83° 

pH<3 or>10 
90-92" 

4-6 

— 

Active oxygen 

(ii) Catalase. 

H 2 O 2 . 

4 

-b 

7-0 

— 

Molecular oxygen 




20 min. 


1 
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(a) Esterases. 

(i) Lipase . — The butyric rancidity of milk 
and milk products has been shown to be due to 
the action of a lipolytic enzyme (or enzymes) 
present in milk, capable of hydrolysing butter 
fat (also other fats and butyric esters), pro- 
ducing free acid. Whether the hydrolysis of 
these different substrates is due to one enzyme 
alone is not known. Mattick and Kay (J. Dairy 
lies. ] 938, 9, 58) showed that a lipolytic enzyme 
is native to milk and used, for its determination, 
its hydrolysing action on tributyrin. 

The lipolytic activity of milk is very variable 
and depends on the season of the year (highest 
in winter) and the stage of lactation of the cow 
(llileman and (\)urtney, .1. Dairy Sci. 1935, 18, 
247). The activity is not prevented by freezing 
the milk, but is inhibited by high acidity, by heat 
in pasteurisation), by heavy metals 
(especially <'oppei) in presence of oxygen 
(Krukovsky and Sharp, ibid. 1940, 23, 1119). 
Agitation or homogenisation of the milk in- 
creases the fat-Avater interface and so pro<luces 
a condition more favourable to lipol^^^sis [idem^ 
ibid. 1938, 21, 071). The enzyme is destroyed 
by heating at 03^c. for 20 minutes (C'Siszar, 
Milch. Forsch. 1933, 14, 288). 

(ii) Phosphatase, an enzyme* capable of 
hydrolysing phosphoric esters, is native to milk, 
its activity varying with the stage of lactation. 
Its association with the protein adsorbed on the 
fat globules has been suggested (Graham and 
Kay, J. Dairy Kes. 1933, 6, 54, 03). The 
phosphatase is active over the pH range 0-10, 
with an optimum at 9*0. During the pasteuri- 
hation of milk, the most resistant of the patho- 
genic bacteria present arc completely destroyed 
before the phosphatase, and consequently 
determination of phosphatase activity in the 
milk affords a useful method for testing the 
efficiency of the pasteurisation process. The 
method most generally applied is based on the 
determination of the phenol liberated by the 
action of the phosphatase on diphenyl phos- 
phate (Kay and Graham, ibid. 1935, 6 , 191). It 
is claimed that, by this method, it is possible 
to detect the presence of 0*26% of raw milk in 
pasteurised milk, and in “ holder ” pasteurised 
milk to detect whether the holding time (30 
minutes) has been reduced by 10 minutes, or 
the temperature (146°f.) has been lowered by 
l'6°if. {see “ Pasteurisation,” p. 1136). 

(6) Protease. — Thatcher and Dahlberg (J. 
Agric. Kes. 1917, 11, 437) describe an enzyme 
{galactase) present in milk, not of bacterial 
origin, which slowly breaks down milk protein 
to peptones and simpler substances. It is 
probably of tryptic nature and is most active at 
pH 5-4-7*2 and at 30-42°c. The action is in- 
hibited at low temperatures and in the presence 
of 16% of sodium chloride (it is not active in 
salt butter), and destroyed at 72-80°c., accord- 
ing to the pH of the medium. 

(c) Carboh yd rases. 

(i) Lactase . — Vandevolde (Biochem. Z. 1908, 
11 , 61) demonstrated the presence in milk of very 
small quantities of an enzyme which hydrolyses 
lactose to glucose and galactose. S van berg 
(Z. physiol, Chem. 1930,188, 207), however, failed 
to ^d it in normal milk. 


(ii) Amylase is native to milk, being probably 
derived by infiltration from the blood stream 
by way of the mammary gland (Grimmer, 
Biochem. Z. 1913, 53, 429). Bacteria present 
in milk also secrete the enzyme. On precipi- 
tating casein, part of the enzyme accompanies 
the precipitate, a small amount being left in the 
w^hey. Its activity, whic^h is affected by the salts 
present (especially the chloride), is optimal at 
30°c. and j)H 5-8 0-2, under which conditions 
the enzyme in 100 ml. of milk is capable of 
hydrolysing 50-100 mg. of gelatinised starch. 
The enzyme may be inactivated by heating at 
()0-65°o. for 1 hour (Heiduschka and Komm, Z. 
physiol. Chem. 1931, 196, 187). The amylase 
content is high in milk from diseased udders and 
also in colostrum up to the fourth day after 
parturition. The estimation of amylase was 
suggested by Giffhorn (Milch. Zentr. 1911, 7, 
230) as a means of determining the bacterial con- 
dition of milk, and for detecting the presence of 
.milk from diseased cows; Gould (J. Dairy Sci. 
1932, 16, 230) used this method for testing 
efficiency of pasteurisation. 

{d) Dehydrogenases. — Freshly drawn milk 
has very little reducing action on Methylene 
Blue or Resazurin, but this property develops 
as the number of bacteria imTeascs owing to 
their reductase activity. This is the basis of one 
method iLsed for determination of the bacterial 
quality of milk {see Section 10, p. 11 Id). 

There is also present in milk a native enzyme 
known as aldehydrase or Sehardinger enzyme, 
which reduces Methylene Blue in presence of 
formaldehyde. In addition, adsorbed on the fat 
globules of milk, there is a third enzyme {xanthine 
oxidase) which, in presence of Methylene Blue 
(or of nitrate.s), oxidises certain purines, e.g., 
xanthine, to uric acid (Morgan e.t al., Proc. Roy. 
Hoc. 1922, B, 94, 109; Dixon and Thurlow, 
Biochem. J. 1924, 18, 971, 970, 988). Later 
Booth {ibid. 1938, 32, 494) concltKied that the 
tw’o last-named enzymes are most probably 
identical. The 8chardinger enzyme activity is 
weakened by heating to 70°. It is inactivated at 
75°c., at pH<4 and >9, in presence of silver, 
copper, or mercury, and in sunlight or ultra- 
violet light. The conditions for maximum 
activity are 40° (Toyama, Amer. Chem. Abstr. 
1934, 28, 7279) and pH 8 (Basu and Mukherjee, 
J. Indian them. Soc. 1936, 13, 11). Schardinger 
enzyme is not present in human milk (Sassen- 
hagen. Arch. Kinderheilk. 1910, 53, 281), or 
in goats’ milk (Wedemann, Biochem. Z. 1914, 
60, 330). 

(e) Oxidases. 

(i) Peroxidase is a native enzyme of milk 
associated with the lactalbumin. This enzyme 
hberates active oxygen from hydrogen peroxide 
and is usually estimated by the S torch reaction 
(development of blue colour with hydrogen 
peroxide and p-phenylenediamine). Peroxidase 
is inactivated at 70-83°o., according to the time 
of heating {e.g., 1 hour at 70°c., or 6 minutes at 
75°c., J. E. Lane-Claypon, “ Milk and its 
Hygienic Relations,” London, 1916, p, 86), and 
destroyed at pH>10 and <3, although if the 
pH change is immediately followed by neutrali- 
sation the activity is restored. Traces of 
hydrogen sulphide or sulphydryl compounds 
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present in boiled milk inhibit the activity of the 
enzyme. 

(ii) Catalase, which liberates molecular oxygen 
from hydrogen j)eroxide, is native to milk, the 
content being related to the catalase content of 
the blood of the cow (Zeilinger, Biochem. Z. 
1933, 257, 450). The amount of catalase 
present in milk varies with the breed of the cow 
and depends on the fraction of milking, being 
richest in the strippings. The enzyme, which is 
precipitated with the casein on rennet coagula- 
tion of miU^, has optimum activity at pll 7. 
Complete inactivation of the enzyme occurs in 
20-30 minutes at 90-92''c., but at lower tempera- 
tures longer times arc required. 

Leucocytes, from diseased udders, and bacteria 
increase the catalase content of milkr Determi- 
nation of catalase, e.g., by measurement of the 
volume of 0 X 3 ^gen liberated from hydrogen per- 
oxide or by iodometri(! dcterminal ion of the 
hydrogen peroxide decomposed (Anderson and 
McWalter, J.S.C.I. 1937, 56, 270t) has been 
suggested as a means of determining such 
contamination, but the methods are at best 
only empirical. 

9. Nutkitional Value. 

(a) General. — Milk is a perfect food for 
infants up to 6 months of age, after which 
supplements are rc(juired for normal growth. 
The energy contributed by the major consti- 
tuents is indicated in Table XI. 


Table XI. — 100 g. Whole Milk. 




Energy value. 

Fat 

3-75 

33*8 kg.-cal. 

Protein 

3-2 

12-8 

Carbohydrate . 

4-7 

19-8 

Calcium .... 

0 12 


Iron 

0 0010 


Phosphorus. 

0 084 



Total . 

00-4 kg.-cal. 


The proteins present are biologically complete 
and have a supplementary action to (;ereal pro- 
teins (Kon, Chem. and Ind. 1943, 478). The 
fat, present as small globules, is precipitated 
with the casein during digestion and is thus in an 
easily assimilable form. The lactose constituent 
of milk, apart from its energy value, is im- 
portant by virtue of its controlling inlluence on 
the intestinal bacterial flora (Gorstley et at., 
Amer. J. Dis. Child. 1932, 48, 555), and the fact 
that it increases the adsorption of calcium and 
phosphorus in the intestine in a manner similar 
to that of vitamin -D ( Roberts and Christman, 
J. Biol. Chem. 1942, 145, 267). 

As a source of calcium and phosphorus 
(Table XI), so essential in childhood, milk is of 
considerable importance, as it provides a neces- 
sary supplement to sugars, cereals, and tubers 
which are deficient in these elements. The in- 
clusion of regular quantities of milk in children’s 
diet has been shown to result in enhanced in- 
crease in weight and improved health (Morgan 
€t aU Amer. J. Dis. Child. 1927, 33, 404 ; 1928, 
86, 972). 

Whether pasteurisation, deemed necessary by 


health authorities to safeguard public health, 
causes loss of nutritive value has been the sub- 
ject of much controversy. The subject has 
been complicated by prejudice and by con- 
flicting evidence arising from shortcomings in 
the planning of experiments, and also, in the 
earlier experiments, from inadequate knowledge 
of the significance of vitamins in the diet. 
Recent large-scale studies made in this country 
have confirmed the findings of Morgan et al. 
{lx.) and also show that there is no significant 
diff'erotice in nutritive value between raw and 
pasteurised milk (Milk Nutrition Committee, 
“ Milk and Nutrition,” Reading, 1938). 

(h) The Ease of Digestion of cows’ milk is 
generally compared with that of human milk, 
as this property is of major importance in infant 
feeding. The first stages in the process of 
digestion entail the coti version of the caseinogen 
to (‘asein, whicli precipitates in the presence of 
the calcium ion of the milk as a curd (calcium 
caseinate). As the casein of (‘ows’ milk is 
associated with a relatively smaller proportion 
of protective colloid (lactalbumin and lacto- 
globulin) and more calcium ion than that in 
human milk, the former precipitates in a very 
much coarser form than does the latter, and so 
the subs(‘quent digestion proceeds more slowly. 
The state of division of the casein curd from 
milks of different cows is not by any means 
constant. Some milks, termed “ soft-curd 
milks ” produce a fine and friable curd during 
digestion (these usually have low' casein, total 
protein, and ash (;ontents) while others, “ hard- 
curd millcs,” j)roduce a coarse and rubbery one. 
The latter are chosen for cheese making and the 
former, being more easily digested, are pre- 
fei-red for infant feeding. 

In view' of the need for differentiating milks 
according to the types of curd they produce, an 
empirical method has been devised for determi- 
nation of the consistency of the curd (curd 
tension) inodiKxal by treatment of milk with a 
pepsin-hydrochloric acid mixture [Miller's 
modification (J. Dairy Sci. 1935, 18, 259) of 
Hill’s method {ibid. 1 923, 6, 509), adopted by the 
American Dair 3 ^ Science Association Committee 
on Methods, 1938, and quoted by Doan {ibid. 
1938, 21, 739)]. Curd tension is not aflected by 
“ holder ” pasteurisation, but it is reduced by 
homogenisation or prolonged heat-treatment, 
e.g., sterilisation. Processes suggested for the 
preparation of soft- curd milk include 

(i) the addition of sodium hexametaphos- 

phate, pyrophosphate, or citrate (Tracy 

and Corbett, ibid. 1940, 23, 289 ; 

(ii) superheating followed by centrifuging to 

remove insoluble protein (Dizikes and 

Doan, ibid, 1942, 25, 37) ; 

(iii) sonic treatment (Bikoff et al., Now York 

Sta. J. Med. 1941, 41, 2052) ; 

(iv) use of proteolytic enzymes (Blatt et al., 

J. Pediat. 1940, 17, 435). 

The digestion of the casein of milk has been 
studied under conditions comparable with those 
in the digestive tract (Flora and Doan, J. Dairy 
Sci, 1938, 21, Abstr., 163 ; see also Bull. Pa. 
A^ic. Exp. Sta. No. 380, 1939, quoted by 
Dizikes and Doan, J. Dairy Sci. 1942, 25, 38), 
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and it has been proposed to use the curd particle- 
size as a measure of the ease of digestion 
(Storrs, ibid. 1941, 24, 805 ; Wolmaii, 30th Ann. 
Conv. Internat. Assoc. Milk Dealers, Lab. Sect. 
Proc., p. 114, 1937; J. Dairy Sci. 1938, 21, 
Abstr., 243). 

(c) Vitamins. — Table XII shows the wide 


range of values lor the vitamin content of milk 
recorded in the more recent literature. Column 1 
gives the values for milk of pasture- fed cows 
(summer milk) and column 2 for milk of stall-fed 
cows (winter milk) . The rovsults in column 3 are for 
milk from cows having unspecilied types of feed. 

Vitamin- .d in milk is almost entirely confined 


Table XII. 


Vitamin. 

Vitamin 

units. 

1. 

2. 

3. 

Fat-soluble. 





-A. Liquid milk. 

I.T' . per ml. 

1 ■05-2-35 1 

0-42-2-79 1 

O-l- 2-20 2 

Jkitt(‘rfat,. 

l.U. per g. 

20-85 3. 4 

7-4-40 3 

17-0-24-0 2 

-1). Liquid milk. 

I. IT. i)er ml. 

0 024-0 038 2 

0 003-0 017 2 

0-003-005 

Butterfat. 

l.U. per g. 

0-83-0 00 5 

0 07-0-23 0 

- 

-E 



'fiaecs 2 


-K 



'fraces 8 


Water-soluble. 





‘Hi (Aneurin). 

pg. per g. 



0 1.5- 0-70 2 , y 

-Bi (Biboflaviii). 

pg. per g. 

1-62-2-37 10 

1-42-2-18 10 

0-27-3 -0 2 


nig. per 100 ml. 



0-17-4-3 4 

-P 



Nut found 

i 1 

-Bi Vomplejc. 





Nicotinic acid. 

mg. ])er 100 g. 


- - 

0-010 -0-50 ’2.1-1 

Pautothonic acid. 

mg. per 100 g. 

— 


0-17 0-70 12. 16 

Biotin. 

pg. per 100 g. 

— - 

— 

0 7 ll-O 12. 1.S 

Inositol, 

mg. per 100 g. 

- - 

— 

3-30 12. 17 

Pyrldoxinc. 

/Ltg. per 100 g. 

— 

— 

2-6- 17-0 12, 13 

Folic acid. 

^g. per 1 00 g. 


— 

<5; 15 12.18 


K9ect of heat. 


} Stable. 24 
jstable .20 

Unstable on evapora- 
tion. 21 

Probably unstable on 

evaporation. 2 1 

logs on i)as- 
teurisation ^ ; 30- 

40 'a. loss on sterili- 
sation ; 10‘\, loss on 

si)ray drying. 23 

Stable.*^ 

20-30‘^j loss on “liolder' 
pasteurisation ; very 
little logs on " Ji.T. 
S.T.” imstpiirisa- 
tion ; .50% loss on 
sterilisation ; 20 "o 

on drying.22 


1 Booher ami Marsh, Tech. Bull. XJ.S. Dej)t. Agric. 
No. 802, 1041. 

2 Fl.\8en and lioscoe, Nutr, Ab.s. 1040, 9, 705. 

3 Dornbiish et al., J. Ainer, Med. Assoc, 1040, 114, 
278 

4 Morton et al., .l.HAM., 1941, 60, 3U)T. 

5 Wilkinson, Analyst, 1030, 64, 17. 

® Morgan and Pritchard, ibid. 1037, 62, 354. 

2 Mason and Bryan, J. Nutrition. 1040, 20, .501. 

8 Buniiana, C'oinpt, rend. 1040, 210, 721 ; .1. Dairy 
Kes. 1943, 13, 224. 

9 Houston et al., J. Dairy Bes. 1040, 11, 145. 

>0 Hand and Sharp, J. Dairy Sci. 1030, 22, 770. 
Neuweiler, Z, Vltaininforsch. 1030, 9, 338. 


‘2 Various antbors, TJniv. Texas Publ. 1042, No. 
4137, 112. 

McElroy and (.Joss, J. Nutrition, 1040, 20, 541. 

14 Bacharach, Nntr. Abs. 1041. 10, 459. 

15 hajnpen et al., J, Nutrition. 1042, 23, 11. 

K* Strong etrt/.,Jnd. Bug. Chom. [Anal.J 1041, 13, 660. 
12 Woolley, Biol. (Uiem. 1041, 140, 453. 

18 Williams, J. Amor. Med. Assoc. 1042, 119, 1. 

Ill Woessner et al., J. Dairy Sci. 1040, 23, 1131 . 

20 Weckel. ibid. 1041, 24, 445. 

21 Anderson et al., Proc. Soc. Exp. Biol. Med. 1030, 
42, 750. 

22 Hou.ston etal., J. Dairy Bes. 1040, 11, 67. 

23 Henry et al., ibid. 1030, 10, 272. 


to the fatty phase, the proportion present in the 
fat varying little with the breed of the cow, but 
it is considerably affected by the feed, e.g., it 
can be increased by feeding a diet rich in carotene 
or vitamin- A. 

The vitamin- Zl content of milk may Ix^ in- 
creased by irradiation (when vitamins- J and 
-C are largely destroyed) or by feeding the (^ows 
with a ration rich in vitamin- D, e.g., (ion taming 
irradiated yeast. 

Vitamin-Bj (aneurin) is confined to the 
aqueous phase of milk, the content varying littie 
with season, breed, or feed of the cow. 

Vitamin-Z ^2 (riboflavin) shows some seasonal 
variation in milk, and although very stable to 
heat is rapidly destroyed when milk is exposed 
to light [e.gr., 40% of the vitamin-iSg activity is 
lost when milk in glass milk- bottles is exposed 
for 1 hour to sunlight (Peterson et al.^ J, Amer. 


Chem. Soe. 1944, 66, 662)]. Little is known 
regarding the vitamin-ilg compk^x, but there is 
evidence that pantothenic acid, j>yridoxinc, and 
biotin are synthesised by the cow (mostly in the 
rumen), as also is vitamin- (Wegntu* et ol.^ 
Proc. Soe. Exp. Biol. Mtjd. 1940, 45 , 769; 1941, 
47 , 90). 

Milk is a poor source of vitamin-C (ascorbic 
acid), and the amount present is independent of 
the feed of the cow. As vitamin- 0 is easily 
destroyed by oxygen, light, and heat, especially 
in the presence of metals, particularly copper, 
losses on processing milk are rather large unless 
special precautions are taken, such as de-aeration 
and avoidance of contamination by metals. 
Pasteurisation by the H.T.S.T. process {v. 
p. 113c) is claimed to cause less vitamin-C 
destruction than the “ holder ” process (Woess- 
ner ei al, J. Diary Sd. 1940, 23, 1131). 
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10. Bactejriolooy of Milk. 

The bacterial flora of milk may be subdivided 
in the following manner : 

(а) Flora of Milk from Cows with Normal 
Udders, i.e., organisms present in milk drawn 
from healthy cows under aseptic conditions. 
These organisms probably originate from 
external sources and multiply in tin; teat canals 
between milkings, with the result that they are 
found chiefly in the fore- milk. I^'he number of 
such organisms is not large, but it increases 
rapidly at slightly elevated temperatures. These 
ba(^teria are mostly micro- cocci which have little 
obvious a(;tion on milk. Of the other organisms 
present some })roduce alkali {Bad. almligenes), 
while others produce acid and peptonise the milk. 
The presence of Sir. liquefaciens, Sir. ihermo- 
philus (Orla-Jensen, “ Dairy Bacteriology,” 
London, 1931, p. 09), and staphylococci (G. 8. 
Wilson, “ Bacteriological Grading of Milk,” 
H.M.8.O., 1935) has been reported. 

(б) Flora of Milk from Diseased Cows. — The 
most important organisms are 8trej)tococci (in- 
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eluding Str. a-galaciise or mastitidis). Brucella 
abortus, and Mycobacterium tuberculosis. 

(c) Flora introduced into Milk during Milking. 
— These organisms include B. coii, B. mrogenes, 
Proteus, Pseudomonas, butyric bacilli from dung, 
lactic acid bacteria from water used for washing 
pails, etc., and moulds and yeasts from bedding 
materials in the stalls. Some of these organisms 
are thcrmoduri(\ 

{d) Pathogenic Flora derived from Human 
Sources {the Milker). — These originate from in- 
fected persons and carriers, and include strepto- 
cocci, Salmonella (typhoid-paratyphoid) group 
organisms, Corynehacterium dijyhtherim, and 
Mycobacterium tu here u losis. 

The present system of distribution of bulked 
milk results in widespread outbreaks of disease 
should any contaminated milk be included. An 
analysis of such epidemic outbreaks is given in 
Table XllI, showing the flgures of Wilson 
(Lancet, 1933, ii, 829) covering outhnaiks in 
Great Britain from 1912 to 1931, and those of 
Armstrong and Parran (quoted by W. W. C. 
Toplcy and G. 8. Wilson, ” Principles ol‘ Bacteri- 


Taiu.e XII 1 . — Milk-born Eiudemtcs. 




WilsojL 

Armstrong ami Parran. 


UiaoaBC. 

Organisms 

reKjxniHible. 

Total 

NuiuIki- 

1'otal 

Number 

Deaths. 


mmibcr ol 

ot 

iiuniber of 

of 




out- 

jM'rsoiis 

out- 

person.s 




l)r('uks. 

uileeted. 

breaks. 

aJleeted. 


Scarlet fever . 

Ha'niolytie streptococci] 



[ 40 

I 42 

3,03!) 

20 


(especially pyoyene-s). > 

31 

3, OS 7 



Septic sore throat . 

Ditto. J 



21,045 

130 

Diphtheria . 

Typhoid fever . 

(\ diphtheria’ 

13 

732 

20 

071 

7 

B. typhoHum ] 

B. paratypho.Hurn A and B > 



r 471) 

14,0()S 

210 

Paratyplioid fever . 

25 

1 ,S43 


434 

15 

Dysentery , 

J{. shipu’ oY jlerneri J 



I 0 

02 

5 

Gastroenteritis 

Ii. enteriiidU and Staph. 

32 

3,751) 



— 


aureus. 







ology and Immunity,” 2nd ed., London, 1936, 
p. 1599) on outbreaks in the L.8.A. from 1906 
to 1926. The numbers of people alfccted, 
shown in this Table, are probably under- 
estimated ; sporadic outbreaks are not included, 
nor arc cases of bo\ ine tuberculosis or undulant 
fever (due to Brucella rnelitensis or abortus). 
Further analyses of American epidemics (during 
1923-37) are given by Merchant (J. Milk. Tech. 
1939, 2, 110) and by Cruinbine (Reports to 
(inference of 8tate and Provincial Health 
Authorities of North America 1932 and 1033 ; 
from associates of L. A. Rogers’ “ Fundamentals 
of Dairy Science,” New York, 1935, p. 300). 

Procedures adopted for ba(^teriological control 
of milk include the elimination of unhealthy 
cows, milking under strictly sanitary conditions 
by persons free from disease, adequate cooling 
of the milk after drawing, and efficient pasteuri- 
sation {v. p.ll36), followed by filling into sterile 
containers. 

Tuberculin - tested, Accredited, and 
Pasteurised Milk. — By the provisions of the 
Milk (Special Designations) Order, 1936 and 
1938, standards were prescribed (Table XIV) 
for these special milks, special licences being 
required for their production and sale. 


Bacteriological Testing of Milk. — The 
methods applied to milk are direct microscopical 
count, plate count, coliform count, Breed- 
smear test, and Methylene Blue (or, more 
recently, Resazurin) reduction. Wilson and his 
associates (“ Bacteriological Grading of Milk,” 
H.M.S.O., 1935) made a critical study of the 
applicability of most of these methods and con- 
cluded that for rapid tests the Breed-smear 
method and the Methylene Blue reduction 
method were tlic most satisfactory^ [the latter 
method was officially adopted for testing milk 
samples under the Milk (Special Designations) 
Order, 1936-41]. More recently the Resazurin 
test has been adx'ocatcd in preference to the 
Methylene Blue test, as it gives results much 
more rapidly and is therefore of greater value for 
the grading of milk {see J. G. Davis and S. T. 
Rowland, “ Food Industries Manual,” L. L. 
Hill, London, 1943, p. 225, for a description of 
this method). 

11. “Off” Flavours of Milk. 

These flavours, whicli are described in the 
literature by a multiplicity of terms, may be 
divided into three main classes according to the 
cause of their development. 
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Table XIV. — Gbades of IVIilk. 


Grade of milk. 

Conditions of production. 

Bacteriological standard. 

Kemarks. 

1’ u b e r c u 1 i n - tested 
('T.T.). 

All herds to be kept 
separate and each 
animal submitted to a 
tuberculin test and to 
veterinary examination 
at intervals of not more 
tlian tt months. 

Must not reduce Methy- 
lene Blue in 4^ hours 
in May-October or f>i 
hours in November- 
April. No coli in 0-01 
ml, (see Note 1). 

If bottled where pro- 
duced called “ 'T.T. 
(Uertihed).” 

Tuberculin- tested 
Pasteurised ('T.T. 

pasteurised). 

Ditto. 

Not more than 30,000 
bacteria ])er ml. (see 
Notes 1 and 2). 

— 

Accredited. 

I Each animal in the herd 
to be submitted to 
veterinary examination 
ON'ery 3 mouths ; herds 
to be kept separate. 

As 'r.7\ (above). 

If bottled where pro- 
duced called “ Ac- 
credited (Farm Bot- 
tled).” 

Pasteurised, 

Held for at least 30 mins, 
at ]45-150 ''f. and then 
immediately cooled to 
55°F. (see Note 3). 'The 
milk must not be so 
lieated more than once. 

Not more than 100,000 
bacteria per rid. (see 
Notes 1 and 2). 

Indicating and recording 
GuTinomcters to be 

1 provided in plant which 
must be approved by 
the local authority. 


Note 1. — As tested by the inetliod speeifled in “ J3acteriological Tests for (Jraded Milk ” (Memo. 139, U.M.S.O., 
1937). 

Note 2. — Pasteurised milk must also pass the Phosphatase and Mtdliylene Blue test s carried out as described 
in the Heat-treated Milk (Prescribed 'Peats) Order, 1944. 

Note 3. — As a i)rovi8ional measure (1941) pavsteurisation may alst) be eflectod by the “ High 'Temperature, 
8hort 'Time ” (H.'T.S.T.) process, in which milk is held for at least 15 seconds at a temp(;ratui'e of not less than 
162 ''f. and then immediately cooled to 55 °f. In this case tlie plant must be thermostatically controlled and be 
provided with a device to divert automatically any insulliciently heated milk. 


(а) Foreign Flavours from Natural 
Sources present in the freshly drawn milk may 
originate from the feed of the cow or the environ- 
ment during milking. Chamomile, mint, thyme, 
garlic, and clover, when ingested by the cow, 
have all been claimed to give their characteristic 
flavour to the milk (Leitch, Scot. J. Agric. 1932, 
15, 167, 314), while the feeding of sugar-beet tops 
leads to a fishy flavour due to trimethylamine 
oxide dci'ived from betaine present in the 
feeding-stuff (Trout, 30th Ann. Conv. Intern. 
Assoc, of Milk Dealers, Lab. Sect., 1937, p. 131 ; 
J. Dairy Sci. 1938, 21, Abstr., 256). A salt 
flavour is evident in milk drawn late in the 
lactation period when the sodium chloride con- 
tent is high, and also in milk drawn from cows 
with inflamed -udders. 

(б) Flavours which Develop during 
Storage. 

(i) “ Oxidised ” flavour is the term which now 
generally supersedes such terms as “ card- 
board,” “ metallic ” flavour, etc., as it has been 
indicated that the effect is the result of oxida- 
tion. This flavour (which is normally confined 
to winter milk of low bacterial count) develops 
over a period of 1~3 days during storage at low 
temperature (3°c.). It appears only in certain 
milks and of these there are two types in which 
the flavour develops either spontaneously, ,or 
only when the process is catalysed by certain 
metallic ions, c.^., copper and ferric iron. In- 
vestigations of recent years indicate that when 
the undesirable flavour develops it is the phos- 
phatide fraction of the adsorbed layer on the fat 
globules which becomes oxidised, as evidenced 
by a reduction in iodine number (Swanson and 
Sommer, J. Dairy Sci. 1940, 28, 201). The 
mechanism of the oxidation is not at present 


known, but Olson and Brown {ibid. 1942, 25, 
721, 1027) suggest that, in the case of the 
development of copper-catalysed flavour, phos- 
pliatidc.s are oxidised by hydrogen peroxide, 
which has been shown to be formed by a reaction 
between ascorbic acid (or glutathione) and 
copper ions in presence of oxygen (Barron et al., 
d. Biol. Chem. 1935, 112, 625). 

As might bo expected there is a general, 
although not invariable, parallelism between the 
susceptibility to produce the oxidised flavour 
and the Efy of the milk. De-aeration, bacterial 
growth which removes oxygen, or addition of 
anti-oxidants, e.g., ascorbic acid, carotene, or 
vitamins- A and all minimise or prevent the 

flavour development in milk (Guthrie, Hand, and 
Sharp, Milk Plant Month. 1939, 28, No. 4, 26), 
as do appropriate additions of grass or hay 
(which contain ascorbie acid, carotene, etc.) to 
the feed of the cow (Brown, Vanlandingham, and 
Weakley, J. Dairy Sci. 1941, 24, 925). Factory 
practices which have some preventative effects 
include de-aeration (Sharp, Hand, and Guthrie, 
J. MUk. Tech. 1940, 3, 228 ; Assoc. Bull. Int. 
Assoc. Milk Dealers, 1942, 34 , 365), pasteuri- 
sation (Martin, Proc. 30th Ann. Conv. Intern. 
Assoc. Milk Dealers, 1937, p. 169 ; J. Dairy Sci. 
1938, 21, Abstr., 255), homogenisation (Thurston 
et al., ibid. 1936, 19 , 671), and elimination of 
metallic contamination (copper and iron). The 
effect of heat treatment is ascribed to the pro- 
duction of sulphydryl groups in the milk {see 
under “ cooked ” flavour in section (c) below) 
which lower its Eh while agitation (homo- 
genisation) has been claimed to be partly 
effective through the removal of the phosphatide 
from the surface of the fat globules to the plasma 
where, being more widely dispersed, it is less 
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readily oxidisable (according to Thurston et al., 
lx.). 

(ii) Rancidity is caused by the hydrolysis of the 
butterfat by lipase {see p. 108a) and is different 
from the “ oxidised ” flavour ; indeed lipase 
has an antioxidant effect, according to Davies 
(J. Dairy Res. 1932, 3, 254). The butyric 
flavour which first develops in milk as a result 
of lipase activity is followed by a “ bitterness,” 
often evident in milk drawn late in the lactation 
period when the lipase content is high (Herring- 
ton and Krukovsky, J. Dairy Sci. 1939, 22, 
127). Heat treatment (pasteurisation) of milk 
effectively prevents the development of this 
flavour {see under “Enzymes,” p. 108a), while 
homogenisation (without pasteurisation) ac- 
centuates it because the water/fat interfac^e, the 
site of the enzyme activity, is thereby increased. 

(iii) “ Off ” Flavours of a Considerable Variety^ 
including flavours reminiscent of different roots, 
may develop in milk owing to the action of 
various bacteria and yeasts. A bitter flavour 
may also result from a peptonising action of 
certain organisms (Orla-Jensen, “ Dairy Bac- 
teriology,” London, 1931, p. 81). 

(c) Flavours due to Processing Treat- 
ments of milk include the w'cll-known “ cooked ” 
flavour resulting from heat- treatment. This 
flavour has been ascribed to bodies with sul- 
phydryl groups, including hydrogen sulphide, 
formed particularly from the soluble proteins 
and from the protein associated with the fat 
globules (Townley and Gould, J. Dairy Sci. 
i943, 26, 843, 853). Gould {lx.) gives the follow- 
ing temperatures above which the flavour 
develops : 

Momentary heating . . . 76-7 8°c. 

3 -minutes holding period . . 74-76'^’c. 

30 „ „ ... 70-72^c. 

It is interesting to note that 1 p.p.m. of copper 
raises the critical temperature by about 6° and 
increases the of the milk (Gebhardt and 
Sommer, J. Dairy 8ci. 1931, 14 , 416 ; Ind. 
Eng. Chein. [Anal.] 1931, 3, 414). A metallic 
taste in milk, as distinct from induced “ oxi- 
dised ” flavoui’, may result from contamination 
by various metals, e.g.y addition of more than 
2 p.p.m. of copper lactate or more than 20 p.p.m. 
of ferric lactate (M. Donaucr, from T. Mojonnier 
and H. C. Troy, “Technical Control of Dairy 
Products,” Chicago, 1932, p. 858). 

12. Pbocessing Treatments. 

(a) Heat Treatment (Pasteurisation 
and Sterilisation). — The object of the heat- 
treatment of milk is to enhance its keeping 
properties and to render it bactoriologically safe. 
Limited heat-treatment (pasteurisation), by 
either of the two methods described below, in- 
activates all the pathogenic organisms and the 
majority of other bacterial types, thereby ex- 
tending the life of the milk with little or no 
effect on its flavour or nutritive properties. 

Holder ” pasteurisation of milky officially 
recognised in Britain in 1936, involves heating 
to 145-1 50 °f., holding at that temperature for 
30 minutes and rapid cooling. Such a pro- 
cedure, which must be a batch process, gives a 
bacteriologically satisfactory product. Simplifi- 
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cation of the process by pasteurising in the 
bottle has been urged repeatedly, but there are 
attendant difficulties and the method has not 
received official sanction. 

“ FUish ” or **IIigh Temperature, Short Time'' 
(H.T.S.T.) Pasteurisation requires rapid raising 
of the temperature of the milk to 162-165°f., 
which is maintained for 15-30 seconds and 
followed by rapid cooling. The process is 
carried out in continuous-flow heaters. This 
method of heating milk affects its “ cream 
line ” (the visible layer of cream which forms on 
standing), considered a good selling feature. 
Incidentally, Dahlberg (New Vork Agric. Exp. 
8ta. Tech. Bull. No. 203, 1932) stated that to 
preserve the cream line, heating conditions must 
not be more severe than heating for 20 seconds at 
160°f. H.T.S.T. pasteurisation has a smaller 
margin of safety than has the “ holder ” pro- 
(*ess, and while it is satisfaf^tory for milk with 
low^ bacterial count, it is less safe for milk with 
a high count. Milk pasteurised by the H.T.S.T. 
process was found by Hileman et al. (J. Dairy 
Sci. 1941, 24, 305) to yield higher bacterial 
counts on tryptone-glucose-skim milk agar- 
media at 37*^ than “ holder ” process pasteurised 
milk, a difference ascribed by them to the 
thermodiiric bacteria generally present. The 
H.T.S.T. method is very popular in the U.S.A., 
and was officially approved as a provisional 
measure in Britain in 1941 as an alternative to 
“ holder ” pasteurisation. 

Sterilisation of milk is not widely used, as the 
product has only limited acceptance by the 
publi(5 owong to its “ cooked ” flavour. The 
process is normally carried out in narrow- 
necked sealed bottles, which are heated in 
boiling water for 20-30 minutes. In order to 
avoid the formation of cream “ plugs ” in the 
neck of the bottle, whi(?h occurs with ordinary 
milk, homogenised milk is used. 

The Effect of Heat on the Co'nstituents of Milk . — 
The stability of different samples of milk on 
heating differs. Heat precipitates protein from 
those in which the salt balance is such that the 
calcium and magnesium contents are high and 
the citrate and phosphate contents low ; further- 
more, increased acidity {e.g., 0-21% cMculated 
as lactic acid) is also a contributory factor 
(Sommer and Biniiey, ibid. 1923, 6, 176). 

At 60-80°c. coagulation of lactaibumin and 
lactoglobulin occurs, but the casein is little 
affected. Rowland (J. Dairy Res. 1933-34, 6. 
46; 1937, 8, 1) found that the amount of 

lactaibumin and lactoglobulin denatured de- 
pended on the temperature and time of heating. 
hTirther, in 30 minutes at 63°c. (“ holder ” 
pasteurisation), 10% of the soluble protein was 
denatured, at 100°o. it was completely denatured 
in 5-10 minutes, while at 115-120°c. there was 
also appreciable hydrolysis of protein. The 
mineral constituents exhibit some change, 
partial precipitation of buffer salts occurring, 
e.g.y Bell (J. Biol. Chera. 1925, 64 , 391) found 
losses of soluble calcium and phosphate up to 
9% of the total present, depending on the 
temperature of heating, while Lampitt and 
Bushill (Biochem. 3. 1934, 28 , 1305) showed 
that losses of 4% of dialy sable calcium and 
phosphate occur on heating milk for 1 hour at 
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100°c. Tricalcium phosphate is precipitated 
on heating milk, particularly on sterilisation. 

The titratable acidity of milk increases on 
heating (pasteurisation), owing to the change in 
the salt equilibrium. More drastic heating 
(sterilisation) also causes a greater increase of 
titratable acidity, resulting from decomposition 
of lactose (Whitti(*r and Benton, J. Dairv Sci. 
1927, 10 , 12(1). 

Sterilisation causes the colour of milk to 
become yellower, owing to in(!ipient carameli- 
sation of lactose in presen (;e of protein (Ramsey 
et al.y ibid. 1933, 16 , 17), but in pasteurised milk 
this effect is scarcely perceptible. Heating also 
causes the development of a characteristic odour, 
due probably to the evolution of ammonia and 
volatile sulphur compounds. 

Skin on Milk . — When milk is heat(‘d at ca. 
iiifc. in an open vessel, a skin gradually forms 
on the surface, owing partly to eva])oration of 
water and partly to s\irface denaturation of the 
protein. 'I'he fat which rises to tlu^ surface 
during the heating is found in tlu' skin and may 
amount to 2()-ii0% of its diy-solids content 
(W. L. I>avi(‘s, “ ('iHunislry ol Milk,” London, 
1939, ]). 351); the skin from homogeniscHl milk 
contains little fat (Winkler, Milch. Ztg. Wien. 
1927,34, 287 ; Milch. Borsch. 1928, 6 , Ab8tr..57). 

(b) Homogenisation. — U’he process of homo- 
genisation of milk is usually carrk'd out in order 
to minimise the formation of a cream layer by 
the separation of fat on standing. It is elfccted 
by forcing the milk through a line orilic<‘ under 
high pressure (ca. 2,500 lb. per sq. in.), whereby 
the fat globules are sub-divided to a inoie uni- 
form size of 2/i. or less. Homogi'nisation is 
usually carried out at pastemrisation tempma- 
ture, at which the effcit is optimum (Rahn, 
Milch. Boisdi. 1925, 2, 383). The treatment 
increases the amount of iirotein adsorbed on the 
fat globules, owing to an increased fat/ water 
interface at w hich protein is adsorbed. Wiegner 
(Kolloid-Z. 1914, 15, 105) found increased pro- 
tein adsorption by reduction ol average glol)ule 
size from 2*9 to 0-27^. by lumiogcnisation. 
Coalescence of the fat globules is largely ])ie- 
vented in homogenised milk, and (‘onseqiiently, 
on centrifuging, little fat-sei)arati()n occurs; 
homogenised milk cannot be diurned. "I’he 
foaming tendency and visfiosity of raw milk are 
increased by homogenisation, Init in the case of 
pasteurised milk they an* decreased (IVout et al.. 
Tech. Bull. Mich. Agric. Exp. 8ta. 1935, No. 145, 
p. 3 ; Amer. Chem. Abstr. 1935, 29 , 5526). 

(r) Irradiation. —The fortification of milk 
with respect to its vitamin content to produce 
antirachitic! milk hqii been much studied in 
America, where such milk is manufactured in 
quantity. The milk is exposed to ulfTa-violet 
light for a short time (15 seconds) in a thin film 
to ensure good penetration of the light ; long 
exposure, especially in }>rescnce of oxygen, 
causes the development of undesirable flavour. 
Maximum vitamin-D (1-6 T.U. per g.) is obtained 
with an ultra-violet light-energy input of 300 
joules per g. of milk (Beck et al., Ind. Eng. 
Chem. 1938, 30 , 632 ; O’Brien et al., ibid., p. 839). 
Irradiation also has a bactericidal action, but 
complete sterilisation of milk cannot be effected 
even after several minutes’ exposure, owing to 


absorption of light by the proteins present 
(Ayers and Johnson, Zentr. Bakt. 1914, II, 40, 
109). 

(d) Concentration. — In order to improve 
the keeping properties of milk much more than 
is possible by pasteurisation, without impairing 
the flavmur to the extent that occurs on sterilisa- 
tion, milk is concentrated at 130-145d<’. under 
reduced })ressure. The concentrated milk, with 
or without added sugar, is usually known as 
“ condensed ” or “ evaporated ” milk, respec- 
: lively. The composition of tlu'se prodiuits is 
specified in the Public IL'alth (( -ondensed Milk) 
Regulations, 1923; the “ full -cream ” produ(!ts 
must contain not less than 9% of fat and not 
less than 26% of milk solids including fat (not 
less than 7*8% of fat and not less than 25*5‘}o of 
milk solids including fat, according to war-time 
regulations, 1940); condensed skimmed milk 
must contain not less than 26% and evaporated 
skimmed milk not less than 20*/,, of milk solids, 
including fat. The sw'eetcned ])rodu< ts usually 
contain ca. 40% of sucrose. 

To obtain satisfactory products it is essential 
to use milk of high quality from healthy cows 
and having low bacterial (counts. For the final 
prod\u:ts to conform to legal requirements th(‘ 
original milk is analysed, and if necessary 
stamlardised, with resjx^ct to fat and total- 
solids contents. 

(k>iideiised Milk. — The ])rocess entails the 
following stag(‘s : 

(i) ForewarmiiKj, in which the milk is heated 
at 200-250”p. for a short while. If this ])rocess 
is carried out at 200 f. the final product tends 
to thicken on Htorag«‘, but aboV(! 212 '^'f. this is 
minimised. This not only effe(‘ts sterilisation ol’ 
the milk and removes carbon dioxide*, but also 
minimises foaming later, and facilitates solution 
of sucrose added subs(*(juentlv. 

(ii) Addition of .sucrose, usually 17-18 lb. 
per 100 lb. of milk. 

(iii) Concentration in a vacuum pan at 130- 
with a vacuum of 24-27 in. of mercury. 

The conclusion of this stage is determined by a 
sp.gr. determination. 

(iv) Rapid cooling to ensure that the lactose 
crystals which form are small, so giving a pi’oduct 
with smooth texture. 

(v) Packing into cans. 

Evaporated Milk. — 3he stages of manufac^ture 
are as follow^s : 

(i) For(‘warming at 200 F. for 5-10 minutes. 
In addition to the advantages noted above, this 
stage is of importance bec-ause it raises the heat- 
coagulation temperature in the final sterilisation 
stage. 

(ii) Concentration (as with condensed mi k, 
f^ee above). 

(iii) Superheating in the vacuum pan to 180- 
190"’f. in order to increase the viscosity by 
coagulating part of the lactalbumin, and to 
prevent fat separation (this stage is not always 
carried out). 

(iv) Homogenisation, to prevent fat separa- 
tion on storage. 

(v) Filling into cans. 

(vi) Sterilisation, usually at 243 '’f. for 15 
minutes, followed by rapid cooling to 76°f. 
Sterilisation causes some caramelisation of 
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lactose, with consequent darkening of the colour 
of the product. 

(e) Separation. — The fat globules of milk, 
with their adsorbed layer [Section 3 (a)], rise to 
the surface of the milk on standing (gravity 
creaming), the larger globules rising more rapidly 
than the smaller ones. A computation of the 
rate (,>!' rist; of the fat globules in milk has been 
made {Richmond, op. cil., p. 143), but it tak(‘s 
no cognisance of the aggregation of the globuh's 
(clumping) which is known to occur, parti(!ulaiiy 
at low tem})erattire. This aggregation is at a 
minimum at (>3 -75‘4^ (creaming power is 
partially lost on past('inisation) and maximum 
at (Weinlig, Forsch. Oeb. IMilehw'. 

Molkerei, 1022, 2, 127, 175; Amer. Chem. 
Abstr. 1023, 17 , 1675; Kahn, Milch. Forsch. 
1025, 2, 3S3). Other factors affecting fat (dump- 
ing includii the fat content of the milk, the fat- 
globule siz(5 and the ))ro|)ertieH of the aqu(‘OUs 
phase {.see. “ C'hurning ol‘ (beam,” indow). 

The preparation of cream by gravity creaming 
of milk is slow and inefficiciit, as an appHuiabk* 
proportion of 1h(‘ fat remains in the lower layer. 
The recovery of practically the w^hole of the fat 
as cream is effected by submitting milk, warmed 
to 20 "30"c., to a centrifugal force of ca. 1,000^. 
Kahn {l.c.) stated that ol'the fat globules present 
in milk, all those above 3/x. in diameter and 
most of those 2-3p. in diaimder are found in the 
cream on mechanical separation. 

13. Cream. 

The Food and Krugs Act, 1938, delines 
cream as “ that part of milk rich in fat wdiieh 
has been separated by skimming or otherw isi*.” 
Modern centrifugal separators can be adjusted 
to yield cream with fat content ranging from 
10 to 05%, the normal range being 45-55%, 
while, for canning, cream is usually prepared 
with 20-30% of fat. The non-fatty phase of 
cream is essentially the same in composition as 
that of the original milk. 

The viscosity of cream depends on the size of 
the fat globules, and to a less extent on the fat 
content. The normal laws of viscosity do not 
hold, the consistency being that of a plastic 
substance rather than that of a liquid. 

Homogenisation of cream is usually effected 
in two stages. The first stage, at a high pressure 
(up to 5,000 11). per sq. in.), rediu'es considerably 
the size and increases the number of the fat 
globules, but at the same time the cream becomes 
a thick plastic mass. I’he second stage, at a 
low pressure (up to 1,000 lb. per sq. in.) reduces 
the viscosity of the product. 

Artificial thickening of cream was formerly 
effected by addition of such substances as 
gelatin, agar, and viscogen (cahdum saccharate), 
which improve the whipping properties of cream, 
but the practice is now prohibited by the 
Preservatives in Foods Kegulations, 1927. 

Whipping aerates cream to a stable form of 
cell-like structure, to which, it is believed, 
denatured protein at the air-liquid interface 
contributes some of the stability. The ease of 
whipping and rate of aeration are greater in 
cream with large fat-globules and with high fat- 
content, and also when clumping of the globules 
has occurred, e.g., on holding at a temperature 


of ca. 40°i'\ when the fat is in a semi-solid con- 
dition. The degree of aeration on whipping 
cream is limited by the presence of cane sugar, 
by pasteurisation, and by homogenisation. 
Continued whipping of cream causes an increase 
in volume up to a maximum, followed by a 
reduction in volume when coalescence of the fat 
globules occurs and butter separates. 

Churning of Cream. — When cn-*am is 
agitated (churned), aggregation of fat globules 
and increase in the size of the fat clumps occur, 
followed by^ breaking of the emulsion. The 
plastic mass of fat (butfer) is an emulsion in 
which fat is the continuous phase, containing 
dispersed globules of water and air, stabilisecl 
by hydrated protein. The ease of churning and 
the yield of butter arc influenced by several 
factors, such as temperature (usually 13-18‘^C.), 
acidity, and fat content of tlie cream (fat content 
usually 30-33%), and also size ami extent of 
clumping of the flit globuh^s. Churning is 
facilitated by slightly increased acidity, but if 
lh(‘, acidity is too high, casein is precipitated in 
the form of clots in the butter. 

Two theories have been propounded to explain 
the formation of butter on churning cream : 

(u) the foam theory (Hahn, Kolloid-Z. 1922, 
30, 341), according to which a foam is 
first })roduccd containing fat glol)ules 
in the aqueous phase; the foam then 
collapses, when the fat separates as a 
plastic mass in which water is ocu'luded ; 
(/>) the phase-inversion theory (Fisch(T and 
Hooke i‘, “ Fats and Fatty Kcgenera- 
tion,” Is^'w York, 1917, p. 93; quoted 
by W. L. Davies, “ Chemistry of Milk,” 
London, 1939, p. 273) wliich pcxstulates 
the conversion of a fat-in- water emul- 
sion (cream) to a water- in -fat emulsion 
(butter), protein being the stabiliser in 
both emulsions. During churning the 
fat globules coalesce, thereby de- 
creasing the area of the water/fat inter- 
face, and when this reaches a critical 
value the emulsion breaks. 

The ” feathering ” of cream, which occurs on 
adding it to hot coffee, is largely an aeddity 
effect ; the acidity may be that of the cream 
itself (Webb and Holm, J. Dairy Sci. 1928, 11 , 
243) or that of the coffee. The effect is more 
evident when the (!off'ee is too (roncentrated or 
has been too long infused, and when the cream 
is added too slowly or in ordy small amount 
(Whittaker, ibid. 1931, 14 , 177). Fresh un- 
homogonised cream is statccl not to ” feather,” 
while homogenisation or addition of 0-1% of 
sodium bicarbonate or phosphate to the cream 
redu(;es the tendency (Doan, Creamery and 
Milk Plant Month. 1931, 20 , I^o. 1, 33). 

Clotted Cream is prepared by allowing cream 
to rise to the surface of milk and then gradually 
heating to 180-1 90 ^’f. and cooling slowly; the 
clotted cream layer is then removed. The ratio 
of non-fatty solids to water in clotted cream is 
much higher than that in ordinary cream and 
milk, owing to loss of water by evaporation, 
while the ratio of ash to non-fatty solids is some- 
what reduced, owing presumably to deposition of 
certain of the salts (calcium) during the heating. 
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Artificial Cream (better known as “ recon- 
stituted ” cream) is defined in the Food and 
Drugs Act, 1938, as an “ article of food resem- 
bling cream and containing no ingredient which 
is not derived from milk except water.” The 
differentiation of such a product from fresh 
cream is difficult; Richardson (Analyst, 1928, 
53 , 334; 1933, 58 , 686) suggested two tests 
which may be applied. 

Synthetic Cream is an emulsion prepared 
from a solution of the non-fatty solids of milk 
(skimmed milk) and a fat other than butterfat. 

14. Separated Milk. 

The fat content of milk separated by centri- 
fugal methods is usually 0’05-0*3%, but it will 
exceed this when the cream is removed by non- 
mechanical means. The non-fatty solids con- 
tent is higher than that of the whole milk from 
which it is prepared, dependent upon the amount 
of fat removed ; the Food and Drugs Act, 1 938, 
specifies that separated milk shall have not loss 
than 8*7% of non-fatty solids. Separated milk, 
which may be regarded as a by-product from the 
manufacture of cream from whole milk, is a 
relatively cheap commodity utilised for a wide 
variety of manufacturing purposes, including 
the manufacture of dried separated milk and 
skimmed- milk cheese. 

15. Fermented Milks. 

Those are prepared in various countries by the 
action of micro-organisms on milks from different 
species (for historical survey, see Corminboeuf, 
Sci. Agric. 1933, 13, 466, 596). The better 
known are the following ; 

(а) Yoghourt, the product of the action of 
lactic acid bacteria, especially L. halgaricus and 
Str. thermophiliis (Damm, Apoth.-Ztg. 1929, 44 , 
1127 ; Amer. Chem. Abstr. 1930, 24 , 201), on 
pasteurised or partly evaporated cows’ milk, or 
sometimes sheep’s or buffaloes’ milk. Rosell 
(Canad. Publ. Health J. 1933, 24 , 344) recom- 
mends incubation with the organisms at 45-48®c. 
for 23-36 hours, when the lactic acid content 
may rise to 3-5%. 

(б) Kefir (sometimes known as “ champagne 
milk ”), prepared by the action on cows’ inilk 
of kefir grains, which contain torula yeast and 
bacteria including Sir. lactis (Damm, lx.). It is 
usually made in closed vessels and effervesces 
when these are opened. The alcohol content is 
about 1-2%. 

(c) Koumiss, derived from unpasteurised 
mares’ milk by the action of L. hulgaricus, B. 
lactis acidi, and a lactose- fermenting torula 
(Belokopytowa and Ltick-Smirnowa, Zontr. 
Bakt. 1929, II, 79, 186). 

16. Milk of Mammals other than the Cow. 

The number of recorded analyses of certain of 
the different milks is strictly limited, and in all 
cases the composition is probably affected by the 
factors already mentioned in Section 6. The 
figures given in Table XV cannot necessarily be 
regarded as satisfactory averages, as is the case 
for those of cows’ milk (from Table II) inserted 
for comparison. The milks from different 
species of mammals differ in their behaviour on 
treatment with rennet, those from cow, ewe, 


buffalo, and goat giving hard curds, whereas 
those from woman, ass, and mare give no curd, 
or a very soft curd (Richmond, op. cit., p. 63). 

All these different types of milk contain fat 
dispersed as fine globules, sugar, protein, and 
mineral matter (including calcium, phosphate, 
and chloride), but the proportions of the various 
constituents differ. Furthermore, there are 
some differences in the composition of certain 
of the constituents, e.g., the amounts of volatile 
a(uds in the fat vary (they are much lower in 
the fat from human milk than in that from cows’ 
milk), while some doubt has been expressed 
whether all the sugar in human milk is lactose 
{see Section 3 (b) (iv)). 

17. Analysis of Milk. 

Working details of the various analytical 
methods are not appropriate to this article (they 
may be found in Richmond, op. cit., pp. 239 
et seq.) ; an outline only is given here of the 
principles of the methods, together with relevant 
references. Apart from the bacteriologi{;al 
examination (Section 10), the routine analysis 
of milk usually involves determination of specific 
gravity, acidity, and fat and total-solids con- 
tents. 

(а) Dirt Content. — The term ‘‘ dirt ” is 
applied to extraneous particles found in milk. 
They include epithelial, pus, and blood cells, 
leucocytes, particles of dung, hay, straw, veget- 
able matter, dust, hairs, and fibres. Most of 
the bacteria in milk should also be included 
under the general term “ dirt,” but they are 
not determined by the methods of analysis 
usually employed. The method advocated by 
the Society of Public Analysts and other 
Analytical Chemists (Analyst, 1937, 62, 287) 
involves separation of the dirt by sedimen- 
tation in a special container for 72 hours, 
with occasional stirring (preservative is added 
to the milk), followed by washing of the sedi- 
ment with ammonia and water and measure- 
ment of its volume after centrifuging in a 
graduated centrifuge tube. The suggested 
limits {ibid., p. 301) are 1 part by volume of 
sediment jier 100,000 for clean milk, with an 
upper limit of 2 parts per 100,000, although it 
must bo borne in mind that milk with less than 
this amount of dirt is not necessarily clean, as 
no account is taken of bacterial content. 

(б) Specific Gravity is usually determined 
by means of a lactometer, which is a hydro- 
meter calibrated to indicate the sp.gr. at 60°f. 
Tables enable the reading to be corrected when 
the temperature differs from 60°f. 

(c) Fat Content. — In order to facilitate the 
separation of the fat from milk prior to its 
determination, the protein is usually first 
brought into solution by either (i) acid treat- 
ment, sulphuric acid being used in the Gerber, 
Babcock, and Leffmann-Beam methods, and 
hydrochloric acid in the Wernei>-Schmidt 
method, or (ii) addition of ammonia, as in the 
Rose-Gottlieb method. The amount of fat 
separated is then determined, either by measure- 
ment of its volume, as in the three first-named 
methods, or by weighing, after solvent extrac- 
tion, as in the other two methods. The Rfise- 
Gottlieb method is advocated by the Milk Pro- 
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Species. 

No. of 
samples. 

Total 

solids, 

%. 

Fat, 

%. 

Sugar 

(lactose), 

/o. 

Casein, 

%. 

Other 

protein, 

0/ 

/o* 

Asli, 

%. 

References. 

Mare . . 

104 

(av. 

6-33- 

18-74 

10-96 

1 

6 

1-65- 

8-78 

6-14 

0-55^ 

2- 

7-60 

69 

0-28- 

0-95 

0-51) 

Linton, J. Agrlc. Sci. 1931, 
21, 669. 

Abb 


10-3 

1-50 

6-40 

2-10 

0-30 

Flcischmaim - Weigmann, 

” Lehrbuch der Milchwirt- 
schaft,” Carey, 1932, 
p. 147.* 

Mule . 

— 

8-50 

1-.59 

4-80 

1-64 

0-38\ 

W. L. Davies, Chemistry of 

Zebra 


— 

4-80 

5 39 

3-03 

-/ 

Milk,” London, 1939, p. 7. 
Barthc, J. Pharm. Chim. 
1905, Ivil, 21, 386. 

Camel 

— 

12-39 

5-38 

3-26 

2-98 

0-70 

Llama 

— 

13-45 

3-15 

5-60 

3-90 

0-80 

Richmond, op. cit., j). 79, 

Goat . . 

335 

individual 

animals 

9-12- 

21-06 

1-90- 

9-80 

3-56- 

5-65 

2-30-608 

0-60- 

1-20 

Lythgoe, J. Dairy Sci. 1940, 
23, 1097. 

American 

Buffalo 

— 

13-67 

1-69 

5-74 

4-24 

0.54 

0-96 

Shutt, Analyst, 1932, 67 
454. 

Indian 

Buffalo 

231 


2-0- 

120 

40-5-3 




Ghosh and Datta Roy, Indian 
Med. Gaz. 1941,76, 279. 

Egyptian 

Buffalo 

61 

17-91 

7-90 

4-80 

4^16 

0-78 

1 

Pappel and Hogan, Publ. 
No. 4, Hygiene Inst. Egypt 
Dept. Pub. Health, 191 4.* 

Reindeer 


36-70 

23-40 

2-.50 

10-30 

[ 1-44 

Bartliel and Bergman, Z. 
Nahr- u. Genussm. 1013, 
26, 238. 

Ewe . 

— 

19-88 

7-94 

3-74 

6-83 

0-93 

Godden and Puddy, J. Dairy 
Res, 1936, 6, 307. 

Cat . , 

3 


4-49- 

4-98 

4-71- 

4-80 

3 09- 
3-79 

3-11- 

8-30 

0-00 

Davies, op. cit., p. 7. 

Bitch 

— 

24-54 

9-57 

3-09 

11-15 

0-73 

Richmond, op. dt., p. 79. 

Rabbit . 

— 

30-50 

10-45 

1-95 

15-.54 

2-56 

Richmond, op. cit., p. 79. 

Guinea pig 

2 

— 

7-13 

2-16 

4-70 

0-55 

Davies, op. cit., p. 7. 

Rat . . 

— 

31-70 

14-80 

2-80 

9-2 

2-6 

Davies, op. cit., p. 7. 

Vixen 

15 

18-07 

6-30 

4-56 

6-25 

0-96 

Young and Grant, J. Biol. 
Cliem. 1931, 93, 806. 

Porpoise . 

— 

58-89 

48-50 

1-33 

11-19 

0-68 

Richmond, op. cit., p. 79. 

Whale . 

— 

61-33 

43-67 

— 

— 

— 

0-46 

Richmond, op. dt., p. 79. 

Sow . . 

4 


0-32- 

9-54 

3-19- 

4-44 

3-26- 

3-76 

1-45- 

1-65 

1-0 

Davies, op. dt., p. 7. 

Elephant 



32-15 

19-57 

H-84 

3^09 

0-65 

Richmond, op. dt., p. 79. 

Ape . 

— 

11-47 

3-50 

6-02 

1 -05 

0-40 

0-24 

Richmond, op. dt., p. 68. 

Woman . 

1,164 

12-57 

3-75 

6-98 



1-63 

0-21 

Gardner and Fox, Practi- 
tioner, 1925, 114, 163. 

Cow . 


12-69 

3-07 

4-78 

2-86 

0-56 

0-73 

Table II. 


• Taken from Associatcf^ of L. A. RoRer’s “ Fundamentals of Dairy Science,” New York, 1935, p. 17. 


ducts Sub-Committee of the Society of Public 
Analysts and other Analytical Chemists {ihid. 
1927, 52, 402), primarily for condensed milk, but 
it is applicable also to fresh milk'. 

(d) Total Solids Content. — For most routine 
purposes this is calculated from the determined 
sp.gr. and fat content of the milk, there being 
an established relationship between the three 
properties (see Section 7 (/i), p. 106c). Determina- 
tion may be effected by weighing the residue 
obtained from a known weight (6 g.) of milk 
after evaporation and drying in an air oven at 
98~100°o. to constant weight (3 hours). Refer- 
ence should be made to the methods of the 
Society of Public Analysts and other Analytical 
Chemists {ibid. 1927, 52, 402). 

(e) Determination of Added Water. — 
the non-fatty solids content {x) of a sample of 
whole milk is less than 8-5%, the presence of 
added water is inferred, the percentage being 
approximately 1 00(8-5 ~a;)/8*5. As confirma- 
tion, the freezing-point (— Y°o.) of the milk {see 
Section 7 (1), p. 107a) is determined, and if this is 


higher than —0-53° the presence of added water 
is established, the percentage being approxi- 
mately 100(0-53— F)/0-53. The presence of 
added water may also be determined from the 
refractive index of the serum (see Section 7 (g), 
p. 106c), and sometimes detected by the presence 
of nitrates ; nitrate is absent from milk but may 
on occasions be present in extraneous water 
added to milk. 

(/) Acidity. — This is determined by titra- 
tion of the milk with O-In. sodium hydroxide 
solution (usually with phenolphthalein as 
indicator), and is calculated as the percentage of 
lactic acid. The acidity of good milk is normally 
0-16-0-19%. Milk with acidity greater than 
ca. 0-26% coagulates on boiling. For determina- 
tion of true lactic-acid content of milk, see 
Lampitt and Bogod, Chim. et Ind. 1932, 26 , 
11th Congr. Chim. Ind., p. 777 ; for citric-acid 
content, see Lampitt and Rooke, Analyst, 1936, 
61 , 654. 

(g) Nitrogenous Constituents. — The total 
nitrogen content is generally determined by 
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Kjoldalil'y method, using a trace of copper sul- 
phate or selenium as catalyst. The nitrogenous 
constituents may be separated and determined 
by Moir’s method modified by Rowland 
(references in Section 3 (ii), p. 10W>), the principle 
of the separation being as follows : 

(i) casein is precipitated at its isoelectric 

point, pH 4-05 -4-75, by using aceti(? 
acid and sodium acetate buffer ; 

(ii) from the filtrate there are precipitated 

(a) lactalbumin and lactoglobulin, by 
adjusting the pH to 4 '75-4‘80 and 
boiling, and (/>) lactoglobulin, by satu- 
ration with magnesium sulphate at 
pH 6 S-7-2 ; 

(iii) proteo8e-pe})tone is precipitated by addi- 

tion of trichloroacetic acid to a concen- 
tration of 8% in the filtrate (F) 
obtaim‘(i after removal of casein and 
lactalbumin lactoglobulin (effected by 
heating the milk to to coagulate 

lactalbumin and lactoglobulin, and 
then prec'ipitating casein by adjust- 
ment of the 2 >H to 4-7) ; 

(iv) non-protein nitrogen is determined in 

filtrate (F), or on the serum obtained 
by adding trichloroacetic acid to a con- 
centration of 12% at room temperature 
and filtering. 

In all the aboA C cases, the 2 )rotrin precipitated 
is calculated from the nitrogen content (x(>-38) 
of the solution before and after precipitation. 
While the use of the factor 0-38 is correct for 
casein, it is a little low for the other milk pro- 
teins [from the analyses of lactalbumin and 
lactoglobulin made by Van 8Iyke and Bosworth 
(J. Biol. Chem. 1913, 14, 203) the factor for 
these two proteins is calculated to be 6*48]. 
Calculation of the total protein of milk from 
})rotein nitrogen x 6-38 is reasonably accurate, 
however, as the proportion of casein present is 
relatively large. 

(h) Sugar Content. — The reagents most 
suitable for the defecation of milk prior to deter- 
mination of sugars arc copper sulphate, zinc 
sulphate and j)otaasium ferrocyanide, and acid 
mercuric nitrate. Rapid and accurate deter- 
mination of lactose in milk (and sucrose in con- 
densed milk) may be made by the polarimetric 
method advocated by the Society of Public 
Analysts and other Analytical Chemists (Analyst, 
1930, 55, 111). Copper reduction methods, such 
as that of Bertrand, Lane and Eynon, etc., and 
the iodometric’ method of Macara (Ihid. 1924, 
49, 2 ; 1927, 52, 068) are also applicable. In all 
of these methods it is necessary to correct for 
the volume occupied in the defecated solution by 
the milk protein and fat. This correction is 
discussed in the paper on the polarimetric 
method mentioned above. 

(i) Ash Content. — To minimise the loss of 
the alkali chlorides during the ashing of milk 
it is necessary to char the milk solids at a low 
temperature after evaporation and then to 
ignite in a muffle at a temperature below red 
heat (650°c.). After the ash has been weighed 
a determination of alkalinity may be made, and 
followed, when required, by determinations of 
calcium, magnesium, phosphorus, sodium, and | 


potassium by known methods. For determina- 
tion of calcium and magnesium, recommended 
methods are descTibed in papers by Lampitt and 
Bushill (Biochem. J. 1934, 28, 1305; J.S.C.I. 
1937, 56, 411). The possible effect of previous 
neutralisation of milk on its ash content and 
alkalinity of ash should be borne in mind. 

( j) Phosphorus. — The total phosphorus con- 
tent of milk i.s best determined colorimetrically 
on the reHi<liio obtained after destruction of the 
organic matt(‘r by means of fuming nitric a(ud, 
or sul])huric acid and hydrogen f)eroxide. In- 
orga!ii(; j)ho8phorus is usually determined on the 
trichl<uoac(‘tic acid serum of the milk, and Hie 
organic phosphorus calculated as the differenc'e 
between the total and inorganic; phosphorus 
contemts (Lam]utt and Bushill, Bioc'Lem. J. 
1933, 27,711). 

(X^) Chloride. —When milk is reduced to an 
asli in the determination of chloride the results 
may be somewhat low' on account of volatilisa- 
tion. Davies (Analyst, 1932, 57, 79) f)ro 2 )osed a 
rajjid, ac-curate nu^thod which obviates this 
difficulty, depending on destruction of the 
organic matter of the milk by treatment with 
concentrated nitric; acid ancl ]iotas8ium per- 
manganate aftcT fixing the chloride by addition 
of excess silver nitrate. 

(/) Preservatives. The Public Health (Pre- 
servatives, (ffc., in Food) flc'gulations, 1925- 
1 940, 2 )rohibit the addition of any pre^servative to 
milk or cream. The most popular ])reservativ(^- 
used formerly was boric acid, which may be 
detected by the turmc'ric; paixu* test., aiid 
determined by Thomson’s meffhod, modified as 
described in liichmond, op. cit., p. 307, or by the 
Oovernment Laboratory methocl (Analyst, 1923, 
48, 416), which is rnon^ ])art.i('ulariy appliciable 
to cream. 

Formaldehyde in milk (or (‘ream) may be 
detected by Hehner’s test, i.e., the formation of 
a violet ring at the junc'tion of the milk and a 
layer of concentratecl sulphuric' acid containing 
a trace of ferric chloride. This is conveniently 
carried out during the fat determination by the 
Gerber method. 

Salicylic; and benzoic acids may be detected 
by the usual methods after removal of casein 
by calcium c;hloride and sodium carbonate 
(Re vis, ibid. 1912, 37, 346) or by hydrochloric 
acid (Hinks, ibid. 1913, 38, 555). 

Hydrogen peroxide has been used as a pre- 
servative for milk ; addition of less than O-l % is 
not detectable after 24 hours. Hinks proposed 
an iodometric method for its determination 
{ibid. 1915, 40. 482). 

Hypochlorite is used in sterilising milk plant, 
and may jmssibly find its way to the milk, in 
which it may be detected by the method of 
WTight and Anderson {ibid. 1938, 68, 252), based 
on the detection of chlorate, an invariable 
constituent of hypochlorite solutions. 

Nitrate has been reported as a preservative in 
milk (Elsdon and Sutcliffe, ibid. 1913, 88, 450), 
but its presence may be due to added water 
containing nitrates. Qualitatively it may be 
detected colorimetrically in a mercuric chloride 
serum of the milk with diphenylamine or brucine 
(Elsdon and Sutcliffe, l.c. ; Lerrigo, ibid. 1930, 
55, 433) or diphenylbenzidine (Monier-Williams, 
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ibid. 1931, 66 , 397). Ix'irigo {l.c.) claims that 
the diphenyJaniine method will detect the 
addition to milk of 5% of water containing 
5 p.p.m. of nitrate nitrogen. 

(m) Colouring Matter. — According to -the 
provisions of the Fo(k 1 and Drugs Act, 1938, no 
colouring matter may be added to milk ; its 
presence may jairtly hide' a deficiency of fat or 
the presence of extraneous water. Annatto was 
the colour chiefly used (for detection spc Associa- 
tion of Official Agricultural (-hemists, “Methods 
of Analysis,” ,5th cd., p. 279), but sophistication 
of milk with caramel, coal-tar colours, carotene, 
saffron, and turmeric has also been reported. 

(n) Sour Milk . — The analysis of sour milk is 
compli(*ated by tAvo factors : 

(i) The ])rcsence of clots of jirotein and fat, 
with the consequent difficulty of obtaining 
representative samples for analysis. When su(‘h 
samples cannot be obtained after simple whisk- 
ing of the mixtui'c, separate analyses of the 
liquid and solid jihases must he undertaken. 

(ii) Changes Avhich have occuirred in the con- 
stituents, for Avhic|i due allowance must b(‘ made 
in the calculation of results. 

The method of analysis usually employ('d is 
t he “ ma(’era1ion process " (h'seribed by Thorpe 
(Analyst, 1905, 30, 197), and by Richmond and 
Miller {ibid. 1900, 31, 317), in which, in addition 
to determinaf ion of fat and l-otal solids, deter- 
minations are made of alcoliol, volatile acid, and 
ammonia, suitable corrections based o?i the 
contents of these substances being applied in the 
(‘aleulation of the original total-solids content 
of the milk. F. J. Macdonald {ibid. 1944, 69, 
173) suggested an improved procedure, in which 
the AA'ater and volat ile substances are separated 
by distillation with heptane, the fat being 
recovered from the latter, tlu‘ alcohol, etc., 
determined on the aqueous fraction, and the 
residual non -fatty solids weighed. 

J. 11. R. 

H. S. R. 

MILK -TREE WAX, ww - irvp, wa:i\ is 
obtained from the latex of a forest tree (V'ol. 11, 
119a), Brosimmn gaJartodendron (Earn. Moracete), 
known in Venezuela as pah de vaca. It is used 
in manufacturing candles. Gomez (Anal. Fis. 
Quiin. 1935, 33, 360; A. 1936, 1166) states that 
tlie wax is crystalline and has m.p. 64-65° ; the 
latex contains rubber (3-48%) and a-amyrin. 
The Brazilian milk-tree is Mimusops elata (Fam. 
Sapotaccfe). 

J. N. G. 

MILLERITE. Nickel sulphide, NiS, cry- 
stallised in the rhombohedral class of the 
hexagonal system. Usually as very slender or 
capillary prisms, often in radiating groups, or 
interwoven like a wad of hair. Hence collo- 
quially called capillary or hair pyrites. Colour 
pale brass-yellow, often with a greenish tinge, 
and metallic lustre. When oxidised it may be 
coated wdth a film of the green nickel carbonate, 
zaratite. p 5-5, hardness 3-3J. Generally oc<mr8 
as a low-temperature mineral as tufts in cavities 
in limestone, dolomite, serpentine, etc., and as 
an alteration product of other nickel minerals. 
Also found in meteorites. The mineral is scarce, 
even though recorded from numerous localities. 

D. W. 


MILLON’S REAGENT is usually pre- 
pared by dissolving mercury in an excess of 
concentrated nitric acid and diluting the solu- 
tion with water. Millon (Compt. rend. 1849, 
28, 40) found that the reagent, when added to 
an albumin solution, gave a white precipitate 
turning brick-red on boiling. A coloration is 
observed at a dilution of albumin of 1:100,000. 
'I’he reaction is given by proteins, provided that 
they contain the tyrosine group; with gelatin, 
Avbich docs not contain this group, only a faint 
coloration is obtained. Tyrosine itself and man}'- 
other substances containing a hydroxyphenyl 
group give a positive reaction. In charact(‘ristic 
Millon tests the red coloration develops only on 
heating, but the reaction is not readily specified 
since a variety of colours is given by the mono- 
hydric and dihydric phenols (Chapin, J. Ind. 
Eng. Chem. 1920, 12, 771). 

Although the reagent is not specificj, it has 
several applications in analysis. It serves as a 
stain for protoplasm in botanical sections and 
lor natural silk fibres in admixture Avith cellulose 
silk. Several authors have described colori- 
metric methoils based on the use of Millon’s 
reagent (F. 1). and C. T. Snell, “ (Colorimetric 
Methods of Analysis,” 2nd ed., London, 1937, 
Vol. 11, p. 365). Weiss (Biochem. Z. 1919, 97, 
170) found that the essential components (>f the 
reagent are a mercuric salt and nitrous acid. In 
a colorimetric determination of tyrosine be em- 
ployed a 10% solution of mercuric sulphate in 
.5% sulphuric acid ; 2 ml. of this solution were 
mixed Avith 3 ml. of the sample, and a few drops 
of a 0*5% solution of sodium nitrite added. 
Edwards et al. (Analyst, 1937, 62, 178) deter- 
mined p-hydroxybenzoic and salicylic acids 
in food. Their reagent was prepared by dis- 
solving mercury in twice its weight of con- 
centrated nitri(‘ acid and diluting the solution 
with twice its volume of water (conveniently 
recorded as l:2:2v). When freshly prepared it 
gave a visible reaction with 01 mg. of either 
of the organic acids in 20 ml. of solution. Fiirth 
and Scholl (Biochem. Z. 1931, 243, 274) used a 
l:2:2v reagent in the estimation of phenols in 
urine. Koks (Fharm. Weekblad, 1931, 68 , 557) 
made a comparative study of two reagents, (K) 
of composition l:l:lv and (S) of composition 
1:1:1*7 a^ (K) was more sensitive, indicating 

tyrosine at 1:100,000, whereas (S) did not give a 
coloration at 1:80,000. The formula (K) is pre- 
scribed by B.P.C. 1934 and Extra Pharm., 22nd 
ed., London, 1943, Vol. 11, p. 641. R. H. A. 
Plimmer (“ Organic and Biochemistry,” 6th ed., 
London, 1938) adopts the formula l:2:2v. {See 
also P. B. Hawk and 0. Bergeim, “ Practical 
Physiological Chemistry,” 11th ed., London, 
19,38.) 

J. N. G. 

MILORI GREEN. A light-green pigment 
in which freshly prepared barium sulphate 
serves as a support f)n which lead chromate and 
Paris Blue (Vol. Ill, 473c) are precipitated; 
alternatively, the blue may be incorporated 
mechanically (F. M. Rowe, “ Colour Index,” 
Bradford, 1924, No. 1298; G. Schultz, 

“ Farbstoiftabellen,” 7th ed., 1931, Vol, I, No. 
1454). 


J. N. G. 
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MIMETITE. Lead ehloroarsenate,* 
Pb,CI(A804)3, 

orystalliseti in the hexagonal By stem, sometimes 
as well-developed hexagonal prisms, but 
generally in rounded globular forms and 
mammillary crusts closely resembling those of 
pyromorphite. Colour pale yellow, orange, 
brown, sometimes colourless, with resinous 
lustre, p 7*0-7 -2, hardness 3J. The name 
campylite is given to the yellowish-brown barrel- 
shaped crystals, formerly abundant at Dry Gill 
in Cumberland. In the variety endlichitey inter- 
mediate between mimetite and vanadinite, tlie 
proportion of ASgOg to VgOg is nearly 1:1. 
Mimetite is an uncommon mineral of secondary 
origin, found in the near-surface oxidised zone of 
lead deposits. 

D. W. 

MIMOSA. Clayton YpMow. Cotton Yellow. 
A fugitive dyestuff for cotton prepared by 
diazotising primuline and adding ammonia. It 
yields an indicator paper reddetied by caustic 
alkalis, but not affected by ammonia, alkali 
carbonates, or phenolates (G. Schultz, “ Farb- 
stofftabellen,” 7lh ed., Vol. 1, Berlin, 1929). 

J. N. G. 

MIMOSA BARK. Wattle hark. Acacia 
bark. The mimosas of (!hief importance for the 
supply of bark and extract to the tanning in- 
dustry are trees indigenous to Australia but also 
grown in plantations in Natal. The trees arc 
known as wattles (v. Ac aoia Bark, Vol. 1, Hr) 
and are classified as acacia species (sub-order 
Mimosasy Fam. Leguminosee). Mimosa tannin 
{v. Vol. VII, 2676) gives, but not without 
exception, the reactions of a catechol tannin 
and is not hydrolysed by tannase (u. Vol. V, 
425c). For its qualitative reactions, see M. 
Nierenstein, “ Allen’s Commercial Organic 
Analysis,” 6th ed., London, 1927, Vol. V ; 
Kudnitzkii, Amer. Chem. Abstr. 1934, 28, 7681 ; 
Poliak and Springer, Collegium, 1927, 46. 

Several attempts have been made to ascertain 
the structure of mimosa tannin. Petrie (Bio- 
chem. J. 1924, 18, 967) concluded that the 
tannin of flowers of mimosse is a condensation 
product of phloroglucin, protocatechuic acid, 
and gallic acid. Douglas and Humphreys (J. 
Soc. Leather Trades’ Chem. 1937, 21, 378) 
separated mimosa tannin from bark extract by 
electrodialysis, and estimated its mean molecular 
weight by a cryoscopic method to bo not less 
than 1,800. This number corresponds to the 
condensation of at least six catechin molecules 
(v. Vol. II, 433d). Russell and Clark (J. Amer. 
Chem. Soc. 1939, 61, 2661) synthesised bis- 
(6;3';4'-trihydroxy)-flavopinacol, a fight-red 
amorphous powder, indistinguishable in its 
properties from mimosa tannin. Page (B., 
1933, 368) discusses the nature of the linkage of 
mimosa tannin with collagen. This author 
(J. Soc. Leather Trades’ Chem. 1942, 28, 71) 
finds a close relation between the molecular size 
of the tannin and the composition of the gelatin- 
tannin precipitate, and infers the existence in 
the solution of two mimosa tannins differing in 
molecular weight by about 260. There is a 
considerable literature recording the percentage 
of tannin in mimosa bark. Coombs (ibid. 1933, 


17, 90) found the following percentage of tannin 
in commercial barks : A. decurrens, green wattle, 
42*0; A. mollissimay black wattle, 44*0; A. 
arundellianay 36*6; A. filicifoliay 29*0; A. 
irro^ata, 28*0; A. dealhaiay silver wattle, 26*2; 
A. pycnanthUy golden wattle, 36*9. (See also 
Coombs et al.y Proc. Roy. 8oc. New South 
AVales, 1923, 57, 313; 1926, 60, 360; 1931, 65, 
207; Anon., Bull. Imp. Inst. 1932, 30, 440.) 
The bark extract is exported from Durban in 
considerable quantities. The solid extract con- 
tains about 63% of tans and 16% of non -tans, 
the corresponding values of the liquid extract 
being 30% and 7% (H. Gnamm, “ Gerbstoffe 
und Gerbmittel,” 2nd ed., Stuttgart, 1933). 
Coombs (l.r. 1933) has described the working of 
a bark -extraction plant. For tanning white 
leather, Woodhead (Amer. C!hem. Abstr. 1942, 
36, 6667) bleached a wattle extract with sodium 
” hydrosulphite ” (Na^SgO^). Varying the pH 
of a mimosa tanning-liquor revealed two maxima 
of fixation on hide powder at pH 2-3 and pH 7-8 
(Alejo et al.y Amer. Chem. Abstr. 1942, 36, 1801). 
For grading and sampling the bark, see Taylor, 
J. South African Forestry Assoc. 1942, No. 8, 
103. For methods of analysis, see “ Official 
Methods of Analysis,” International Society of 
Leather Trades’ Chemists, A. Harvey, London, 
1938. For the industry of wattle bark and 
extract, see C. O. Williams, Union of South 
Africa Dept. Agric. Science Bull. No. 63, 1928 ; 
No. 74, 1930; No. 106, 1932. 

J. N. G. 

M I M OS I N E . An irritant substance ex- 
tracted from the leaves of the sensitive plant 
Mimosa pudica and of other mimosic. Accord- 
ing to Soltys and Umratli (Biochem. Z. 1936, 
2M, 247) the purified extract of Neptunia plena 
causes the leaf movement at a dilution of 1;10^. 
For preparation, see Hesse, ibid. 1939, 303, 162. 
Adams et al. (J. Amer. Chem. Soc. 1945, 67, 89) 
consider that mimosine may be the optically 
active form of leucenol (Mascre, Amer. Chem. 
Abs. 1937, 31, 4309) and that its constitution 
may be j3-N-(3-hydroxy-6-pyridone)-a-amino- 
propionic acid or j8-(3-hydroxy-0-pyridoxy)-a- 
aminopropionic acid. 

J. N. G. 

M I N ASRAGR ITE. A highly hydrous sul- 
phate of vanadium, V204,3S03,1 6H2O, erys- 
taUising in the monoclinici system. It com- 
monly occurs in granular aggregates, and as a 
vivid blue encrustation on the vanadium sul- 
phide, patronitey at the famous vanadium mine 
at Minasragra, near Cen-o de Pasco in Peru. 
Museum specimens of patronite often become 
coated with a blue efflorescence of minasragrite, 
which is itself a valuable soiu-ce of vanadium. 

D. W. 

MINERAL BLUE. There are numerous 
synonyms : (a) Azurite (g'.v.)y Mountain Blue, 
is native basic cupric carbonate; (6) Artificial 
Mineral Blue, also Bremen Blue (v. Vol. II, 
26c) (J.S.C.I, 1924, 48, 391b), is precipitated 
cupric hydroxide containing a small amount of 
basic carbonate ; (c) Prussian Blue (v. Vol. PlI, 
472c, d) and a variety marketed as Antwerp 
Blue (v. Vol. n, 25c; see also F. M. Rowe, 

“ Colour Index,” Bradford, 1924, No. 1288). 

J. N. G. 
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MINERAL CAOUTCHOUC. Mineral 
rubber. Elastic bitumen. Ekiterite. A dark- 
brown^ flexible, and elastic mineral found widely 
distributed in small amounts, e.g., at Castleton, 
Derbyshire. Geologically it represents a late 
stage in the alteration of petroleum. The term 
mineral rubber has also been applied to an in- 
sulating material manufactured by blowing air 
through heated asphaltic petroleum. 

J. N. G. 

MINERAL COTTON. Mineral Wool. 
iHilicate Colton. iSlag Wool. A mass of inter- 
laced fibres (diameter ca. 3-15/x.) resembling 
spun glass, obtained by blowing steam or air 
through melted blast-furnace slag or melted 
rock. It is used as a heat-insulating lagging for 
steam pipes, and for lining walls and floors 
(Thoenen, “ Mineral Wool,” fl.S. Bur. Mines, 
Information Cire. No. 698411, 1939). 

J. N. G. 

MINERALGREEN. Originally the ground 
mineral malachite (Vol. Ill, 355d) ; the term 
may include other inorganic green pigments, 
e.g., Scheele’s Green (Vol. I, ^lld)y Schweinfurt 
Green {ibid., p. 478ft), and Chrome Greens 
(Vol. Ill, U2d). 

J. N. G. 

MINERAL PURPLES. Indian Med. A 
class of pigments varying in shade from blue- 
black to brown and containing a high proportion 
of ferric oxide. Purple of Cassius (Vol. VI, 
1226), however, has been termed Mineral Purple. 

J. N. G. 

MINERAL WATERS {v. Y'ol. I, 15,5c). 

MINERALOGY. For more detailed de- 
scriptions of minerals than is possible in this 
Dictionary, . the reader should consult such 
standard works of reference as the following : 
E. S. Dana, “ A Textbook of Mineralogy,” 4th 
od., by W. E. Ford, New York and London, 
1932; C. S. Hurlbut, jun., ” Dana’s Manual of 
Mineralogy,” 15th ed.. New York, 1941; C. 
Palache, H. Berman, and C. Frondel, ” Dana’s 
System of Mineralogy,” 7th ed., Vol. I, New 
York, 1944 [this contains the most authoritative 
descriptions of the elements, sulphides, thio- 
salts, and oxides, together with many references. 
Vol. II (Halides, carbonates, sulphates, borates, 
phosphates, arsenates, etc.), and Vol. ill (Silica, 
silicates) are in course of preparation]. An ele- 
mentary text-book is by H. H. Road, ” Rutley’s 
Elements of Mineralogy,” 23rd ed., London, 

1936. A. N. Winehell, “ Elements of Optical 
Mineralogy,” 3rd ed., Pt. 11, Description of 
Minerals, New York, 1933, contains optical and 
other data for a wide range of minerals. ” In- 
dustrial Minerals and Rocks,” American Institute 
of Mining and Metallurgical Engineers, New York, 

1937, deals comprehensively with non-metallics 
other than fuels, mainly from the commercial 
standpoint. The two outstanding journals in 
the English language are ” The American 
Mineralogist” (issued every two months; 
Menasha, Wisconsin) and “ The Mineralogical 
Magazine ” (London) (a separately paged publi- 
cation, ” Mineralogical Abstracts ” gives com- 
plete world references to all kinds of mineralogical 
publications, and is an invaluable guide to the 
latest works). 

For statistics of mineral production, see “ The 


Mineral Industry of the British Empire and 
Foreign Countries, Statistical Summary,” Im- 
perial Institute, London ; “ Minerals Yearbook,” 
United States Bureau of Minos, Washington; 
and “ Mineral Industry,” New York, McGraw- 
Hill Book Co., Inc. These works are normally 
issued annually. 

D. W. 

MINERALS AND X-RAY ANALYSIS. 

The constituent atoms of nearly all minerals are 
regularly arranged in continuous three-dimen- 
sional patterns. Oystallographcrs have long 
regarded this as the only explanation of the 
regular forms of crystals, the constancy of inter- 
fa(ual angles, and the law of rational intercepts. 
It led them not only to the description of 32 
crystal classes or point-groups based on seven 
systems of symmetry, but also to the correct 
derivation of 14 space-lattices and 230 space- 
groups. The convincing proof that a crystal 
behaves as a three-dimensional grating to X- 
rays, and scatters the incident beam in definite 
directions, related only to the spacings of atomic 
planes in the crystal and to the wave-length of 
the radiation, was obtained by a group of 
physicists at Munich in 1912. Then began the 
investigation of crystal structures of simple 
inorganic substances, including minerals, and 
eventually the unravelling of more complex 
structures possessed, e.g., by the silicates (W. L. 
Bragg, ” Atomic Structure of Minerals,” Oxford, 
1937). 

The most complete description of crystal 
structures of inorganic crystals, alloys, and 
organic compounds is to bo found in the “ Struk- 
turbericht,” which was published as a separately- 
paged supplement to the Zeitschrift fiir Kristal- 
lographie in four volumes; volume 1 (1931) in- 
cludes crystal structures published in the period 
1913-28, volume 2 (1937) those published in 1928- 
32, volume 3 (1937) those for 1933-35, and volume 
4 (1938) those published during the year 1936. 
The four volumes include a carefully edited 
summary of the exttmsive literature on the sub- 
ject. Each structure type is described and 
figured ; unit-cell dimensions, unit-cell contents, 
space-groups, and atomic parameters |ire given, 
together with relevant physical data. Tables 
of crystal-structure data have been published 
elsewhere, notably by R. W. G. Wyckoft’, who 
does not, however, give separate tables for 
minerals, but includes them with other inorganic 
substances (” The Structure of Crystals,” 2nd 
ed.. New York, 1931, and supplement to the 
2nd ed., 1935, for the years 1930-34). Over 
500 cubic elements and compounds have been 
arranged in order of length of the edge of the 
unit cube by 1. E. Knaggs and B. Karlik, 
“ Tables of Cubic Crystal Structure of Elements 
and Compounds, with a Section on Alloys by 
C. F. Elam,” London, 1932. These are of value 
for the X-ray determination of cubic minerals, 
the crystal structures of which were discovered 
prior to 1931. 

The following Tables have been compiled from 
the literature ♦ to give an alphabetical list of 
crystal structures which have been worked out 
completely, and of well-known ones for which 
X-ray data extend only to unit-cell dimensions, 
• Up to the end of 1940. 
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Bo^unite 4[AI00H] 3-78 2-85 6-21 3-24 Lepidocrocite (F4) | S.B. 3-66 

Orthorhombic (mwim) 11-8 2-38 188 Amum I M. A. 6-411 
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Pyrrhotine 2[FeS] 3-45 5-67 j 2 97 2 05 | Niccolite (i?8) S.B. 1-S^ 

Hexagonal (6 | ‘ 2 06 1 71 CQ.mnic M.A, 8-G 
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space-groups, and powder-puotograpn measure- 
ments. Rare species are listed only when the 
structural type to which they belong is not 
represented by a better known mineral. Follow- 
ing the mineral name in column I is the repeat 
or atomic contents of the unit cell. For oon- 
\ cnience this is still called the molecular formula 
by some autliors, but actual molecular associa- 
tion is extremely rare amongst mineral and in- 
organic crystal structures. The unit-cell con- 
tents expressed in this way, as a formula, must 
not t)nly represent the chemical analysis of the 
given mineral but must equal in weight the pro- 
duct of the specific gravity and the unii-coll 
volume measured by X-ray methods. Im- 
mediately beneath the repeat in (iolumn II are 
given tlie system of symmetry and the crystal 
class or point-group symmetry in parentheses. 

I The point-group symmetry is expressed by the 
symbols for the necessary and 8uffi<*ient com- 
bination of .jjces of rotation (2, 8, 4, and b), axes of 
rotatory inversion (2, 8, 4, and li) and symmetry 
planes {m). A list of names forrntnl}" used for 
the 82 crystal classes and the corresponding 
symbols now used by X-ray (iiystallographers 
ait* iabulated separately. This list also shows 
how’ the unit cell is defined for each of the given 
systems of symmetry. o 

Unit-cell dimensions arc given in Angstrom 
units ( 1 ( 1 "^ cm.) in column ill and are listed so 

i^iST OF TjiE Names and Symbols or the 
Thirty-two Classes of Crystal Symmetry. 


System. 

Name. 

Symbol. 

Cubic 

DitesBeral central 

niSm 

a -b-c 

Ditosseral jiolar 

43 m 

a^=j3 --y -- 90 " 

'resseral central 

w3 

I'l^sseral holoaxial 

43 


'I'esseral iiolnr 

23 

TetraKonol 

1 )itctrag( )md eq uatririal 

4 jmmm 

a- b 

Ditetragoual alternating 

42m 

oL-^p'-y - 90" 

J)it<!tragoiial polar 



7’etragonal equatorial 

4/m 


Tetragonal holoaxial 

42 


Tetragonal polar 

4 


Tetragonal alternating 

•i 

Hexagonal* 

Dihoxagonal equatorial 

^/nimm 

a — b^€ 

Dihcxagonal polar 

6mw 

0 Aft- 120" 

Ditrigonal equatorial 

G/n2 

a Ac -ft Ac — 90“ 

Hexagonal equatorial 

G/m 


Hexagonal holoaxial 

«2 


I Hexagonal polar 

f3 


Trigonal equatorial 

6 


Ditrigonal polar 

3m 


Dihexagonal alternating 

3m 


Trigonal holoaxial 

32 . 


Trigonal polar 

3 


Hexagonal alternating 

3 

Orthorhombic 

Didlgonal equatorial 

rnmm 

ay by^c 

Didigonal polar 

2min 

a-/9-y-90° 

Didlgonal holoaxial 

222 

Moiioclinic 

Digonal equatorial 

2/m 


Planar 

m 

a— y~90“ 

Digonal polar 

2 

^9^90“ 



Anortliic 

Central 

1 

ay^by^c 

Asymmetric 

1 


♦See footnote to Tables. 
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that the a and b dimenBions fall in the same a, 6, c for those with i tmnslation parallel to 
vertical column and c on the right and in line the a, 6. c axes ; n or d for one with ^ or trans- 
with a. Three lines are used for anorthic lation parallel to [Oil], [101], or [110] (W. H. 
minerals so that a and a are given on the first Bragg and W. L. Bragg, “ The Crystalline 
line, b and p on the second, and c and y on the State,” London, 1933, pp. 63-88). 
third. The axial ratios may be calculated from The reference to the page and volume of 
eja for tetragonal and hexagonal minerals and “ Strukturbericht ” is given in the last column, 
from ajb and c/b for orthorhombic, monoclinic, and whenever possible the reference to the 
and anorthic minerals. They will be in agree- relevant paper abstracted in the Mineralogical 
ment with those obtained by measurement of the Magazine is given in the form M.A. 4-16, Le., 
angles between crystal faces with the goniometer, p. 16 of volume 4 of the Mineralogical Abstracts, 
or related to them by a simple multiple or sub- Where the work has not proceeded to the corn- 
multiple, according to the choice of parametral pleto analysis of crystal structure the abstract 
plane. of the most recent paper has been cited, so that 

The accuracy of measurement of unit-cell the cell dimensions quoted may be as accurate 
dimensions has greatly increased since many of as possible. 

the tabulated data were obtained. Investi- No two substances possess the same crystal 
gators are also more consistently carrying out structure, so that a metrical definition of the 
their measurements on material subjected to unit of pattern of a given mineral is unique for 
chemical analysis. Correlated data can then that mineral. It is to be expected therefore that 
be tabulated for the end members of all isomor- the photographic records of diffraction spectra 
phous series of minerals, and the complex upon which the A-ray analysis is based should 
character of atomic replacements or solid solu- themselves constitute precise identifi(!ation8. 
tion in so many minerals correctly interpreted. The unit-cell dimensions are diagnostic, and a 
Column V gives the crystal-structure type, rotation photograph of a crystal of a known 
The names and symbols of the structure types mineral about a known axis gives a two-dimen- 
are more or less arbitrary and historical, but the sional array of spots of varying intensities, 
classification used in the “ Strukturbericht ” forming a standard for identification. Powder 
is adopted here, since it fulfils its purpose of photographs are more widely used for this pur- 
giving a quick idea of the structure. “ There is pose, and extend identification by A -rays to 
as yet no rational way of bringing the structures those substances which are crystalline but 
into a system which will correlate both the geo- which have grown in amorphous masses possess- 
metrical and dynamical or chemical quahties ing no crystal faces and often of very small 
of kindred structures ” (Z. Krist. 1931, 79, 613). particle-size. The spacings and relative in- 
The symbol of the crystal-structure t3rpe tensities of powder photographs of about 250 
consists of a letter and a number. The initial minerals have been listed by A. K. Boldyrev 
capital letter refers to the following classification et al. as “ A-Ray Determinative Tables for 
into sections : Ay elements ; R, compounds 'of Minerals,” Parts 1 and II (Annales de ITnstitut 
type AX; (7, AXj; A Am^nl A Api{XY7j)n; des Mines a Leningrad, 1938, 11, pt. 2; 1939, 
Gy Afn(BX^)n; Hy Afn{B^k)ni and 6’ silicates. 12, pt. 1). J. D. Hanawalt and others also 
Beneath the name and symbol of the crystal- listed powder data for a thousand chemical 
structure type in column V is given the Her- compounds, mostly artificial, claiming that a 
mann-Mauguin nomenclature for the space- knowledge of the spacings of the three most 
group. For a full description of these symbols intense lines and their relative intensities sufficed 
and the 230 space-groups, see ‘‘ Internationale in most instances for identification (Ind. Eng. 
Tabellen zur Bestimmung von Kristallstruk- Chem. [Anal.], 1938, 10, 457). G. A. Harcourt 
turen,” 1935, Vol. I, pp. 12-18 and 94; and has extended Hanawalt’s data by the spacings 
W. T. Astbury and Kathleen Yardley, “ Tabu- for 162 ore-minerals, a particularly useful aid to 
lated Data for the Examination of the 230 the A-ray identification of ores (Amer. Min, 
Space-groups by homogeneous A-Rays,” Proc. 1942, 27, 63). Hanawalt’s data have been made 
Roy. Soc. 1924, A, 224, 221. up into a card-index file by the American Society 

Briefly, the capital letter beginning each for Testing Materials and the American Society 
space-group notation is one of the lattice sym- for A-Ray and Electron Diffraction. Data for 
bols Fy primitive, A centred on the (100) face, many more minerals and compounds are being 
Fy face-centred, etc. ; next follows the symbol collected in this country under the auspices of 
of the principal axis, and this may be an axis the A-Ray Analysis Group of the Institute of 
of rotation, an axis of rotatory inversion, or a Physics, and will form an appendix to the 
screw-axis. Screw-axes and glide-planes are American Card Index already published. Four 
symmetry elements proper to a lattice and in- strong line-spacings of as many minerals listed 
Volvo translations as well as the customaiy in the Tables as possible are given in column IV, 
rotation or reflection. Screw-axis symbols are abstracted from both the Russian and American 
3^, Sg, 4i, 42, 4^, etc., signifying by the sub- lists. They serve as a guide to mineralogists 
script the amount of translation following a using the A-ray powder method and would need 
rotation, e.g.y 62 translates f — J of the cell confirmation by the comparison of the complete 
dimension after full turn about that direction, photograph with a standard. 

If there is a plane of symmetry perpendicular to F. A. B. 

the axis It follows, separated by an oblique rule, M I N ERALS, G EOCH EM I STR Y OF. 
e.g., 2/m. Then follow the secondary axes or The geochemistry of minerals comprises the 
planes to complete the space-group. Glide- description and understanding of the chemical 
planes are always represented by small letters : and physical conditions which are necessary for 
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the formation and transformation of the various 
minerals and mineral assemblages in rocks, ores, 
and other mineral deposits, likewise in soils. 
The chemical conditions of primary importance 
for the formation of minerals arc the presence 
and the j)roportions of tht‘. various chemical 
constituents of the minerals. Therefore, the 
first and most important object of geochemistry 
is the study of the relative amounts and distri- 
bution of the chemical elements in relation to 
the astrophysical prehistory and geological 
history of the earth. 

The relative abundance of the chemical 
elements in the universe can be studied by 
astrophysical spectrum analysis (cn)ission and 
absorption spectra) of stidlar atmospheres, 
nebuhe, and interstellar matter, by chemical 
and physical analysis of meteorites, and by 
comparison with analytical results obtained 
from accessible terrestrial matter. 

The general result of such investigations is as 
follows : the abundance of the chemical eleimnts 
follows certain rules whi(‘h are correlated with 
important properties of the atomic niieh*i. If 
the elements are arranged according to in- 
creasing nuclear charge, starting with the 
iieAitron, then the first stable element, hydrogen, 
is by far the most abundant, the atomic fre- 
quency of hydrogen being rnucli in excoHs of the 
combined frequency ol’ ail other elements 
(Russell, Science, 1941, 94, 375). Then comes 
helium, the most important product of nuclear 
condensation, followed by three elements which 
are comparatively rare in all parts of the uni- 
verse, viz. lithium, beryllium, and boron, tlie 
nuclei of which at stellar temperatures are 
unstable against collisions with protons. From 
oxygen to uranium the cosmic abundance of the 
elements seems, in general, to follow the rule 
that abundance decreases with increasing 
nuclear charge, so that the abundance of oxygen 
(nuclear charge 8) is about 100 million times 
greater than the abundance of uranium (nuclear 
charge 92). Important excc])tions to the rule 
are the relatively great abundance of iron and 
the neighbouring elements (nuclear charge 
25-28). Another general rule, discovered by 
Oddo and Harkins, states that elements with 
odd nuclear charges are usually less abundant 
than the neighbouring elememts with even 
nuclear charges [for instam'c, La (57) is less 
abundant than Ba (5(i) and Ce (58)]. 

Jf the atomic species, not the chemi(;al ele- 
ments, are arranged according to mass numbers, 
it is found that in nearly every case the abund- 
ance of atomic; species with odd mass-numbers 
is less than the abundance of neighbouring 
atomic species with even mass-numbers— for 
instance, 1:2-3. All those 

rules concerning the cosmic proportions of 
atomic species without doubt reflect nuclear 
stability properties involved in the evolution and 
survival of atomic species (Goldschmidt, Skrifter 
Norske Videnskaps-Akad. i. Oslo, I, Mat. Natur. 
Klasse, 1937, No. 4). 

The average composition of matter in the 
crust of the earth (atmosphere, hydrosphere, 
and uppermost part of the lithosphere) is, how- 
ever, diflerent in many respects from the average 


composition of cosmic matter, owing to pro- 
cesses of selective separation during the 
astrophysical and geological prehistory of 
the earth (Goldschmidt, VidenskajAssclskapets- 
Skrifter, 1, Mat. Naturv. Klasse, Kristiania. 
1923, No. 3; Froc. Hoy. Inst. 1929; J.C.N. 
1937, 055). 

Since the earth, like any other planet, has 
presumably becui formed l^y condensation of 
gaseous matter, either in om^ single step or by 
condensation to smaller bodies whi< h have since 
coalesced, it is necessary to cojjsider the be- 
haviour of matter and the distril)ution of ele- 
ments diirhig such condensation. Tin; most 
volatile elements, and elements forming very 
volatile compoimds, will remain in a primordial 
atmosphere, as, for instaiK-e, the inert gases, 
nitrogen, and oxides of earbon and of hydrogen. 
These elements are called atmophil cU-ments. 
How much of the atmophil elements can be 
retained in ibe primordial atmosphere depends 
on the size of the planet (field of gravitation) and 
temperafuro. Possibly the present atmoaf)bere 
and Inalrospherc of the earth arc essentially 
products of secondary degassing. 

Other elements which form non-volatile 
oxides will combine with oxygen to form a 
fused slag, eonsisting essentially of comf)()und8 
of those elements whidi have greatest free energy 
of oxidation per unit of valemy, sueh as silieon. 
aluminium, magriesiiim, ealeium, and the alkali 
metals. 8uch eleiiK-nts, including oxygen, arc 
called lithophil eh merits. 

Sin(“e iron is by far the dominant heavif metal^ 
the limit for oxidation processes is given by the 
free energy of oxidation of iron, and those metals 
which have a free energy of oxidation less than 
tlmt of iron per unit of valem-y are left (vqsentially 
in an unoxidised state, forming alloys and com- 
pounds with metallic iron dominating. 3'hese 
are the siderophil elements, and include nickel, 
cobalt, germanium, gold, and the metals of the 
palladium and the platinum groups. Therefore, 
gold and platinum, for instance, are extreimdy 
“ dilute ” in the silicate magmas of the earth’s 
crust, but are found in mueh larger corictmtru- 
tions in the iron-nickel alloys of meteorites 
and, probably, also in nickel-iron alloys in the 
innermost parts of the earth (wc Goids(*hmirlt, 
Soil Sci. 1945, 60, 1 ). 

A fourth group of elements, the chalcophil 
elements, are characterised by a strong affinity 
for sulphur and arsenic, and are found in the sul- 
phide phases of meteoritic and sulphide ores of 
terrestrial origin. The grouping of (‘halt;ophil 
elements is rather different in the sulphides of 
meteorites and in terrestrial ore- bodies, betjause 
ill the meteorites the total amount of oxygen 
and sulphur is usually not sufficient to saturate 
all metal valencies, so that unsaturated free 
liaetals are left. Because of the oxygen deficiency 
in nearly all meteorites, we observe sulphides of 
a number of elements which in terrestrial matfer 
usually or exclusively oombine with oxygon, such 
as calcium, manganese, chromium, and vana- 
dium (Goldschmidt and Peters, Nachr. Ges. 
Wise. Gottingen, math.-phys. Kl. 1933, 278). 
In terrestrial materials the oxygen and sulphur 
have to compete for the heavy metal atoms, 
usually in the absence of an excess of uncom- 
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billed metals. Thus the chaleophil metals in 
ore deposits of the earth’s crust follow another 
grouping, giving an illustrative example of the 
importance of the oxidation-^ eduction potential 
ill the geocheriiistiy of minerals. 

Another reason for the great difference be- 
tween meteoritic and terrestrial minerals is the 
abundance of water in terrestrial materials. 

Table 1 contains the classification of elements 
according to tludr distribution in the primordial 
atmosphci’c, the nickel-iron core, the slag crust, 
and the suljihide phases. The elements con- 
centrated in living organisms, the biophil ele- 
nituits, are tu bulated as a fifth group. The con- j 
centration of the biophil elements, howcvei*, 
belongs to distinctly later periods in the g(io- I 
chemical evolution of the earth. I 


It is probable that the bulk of siderophil and 
chaleophil elements in terrestrial matter are 
concentrated in the interior of the earth ; in the 
accessible crust of our planet we find that most 
minerals consist predominantly of lithophil 
elements. 

The average composition of the uppermost 
parts of the lithosplau'e, however, does not corre- 
spond exactly with the average amounts of all 
terr(‘strial lithophil matter, but is much modified 
by fractional crystalUsation in such a manner 
that in the gravitation field of the earth crystal- 
lisatcs and heavy magmas have a tendency to 
migrate towards the centre, while light minerals, 
light magmas, and light aqueous mother licjuors 
have a tendency to migrate towards the surface 
of the earth. 


Table 1. — Geochemical Glasstficatiom of the Elkments, According to Distribution 
BETWEEN Iron, Nclbiiides, Silicates, Atmosphere, and Organisms. 


Iron, 

8 111 phidc, chalcoiil lil. 

Silicates, 

Gases, 

Organisms, 

sideropliil. 

Ill iB(3teoriieH. 

'J’eiTostrial. 

litliophil. 

atinophil. 

biophil. 

Fe, Ni, Co, 
P, (As), C, 
Ru, Rh, Fd, 
Os, Ir, Pt, 
Au, Ge, Sn, 
Mo, (W), 
(Nb), Ta, 
(Se), (Te) 

S, Se, (Te?), 
P, As, (Sb), 
(Ti), V, Cr, 
Mn, Fe, Cu, 
Ag, Zn, Cd, 
(Ca) 

S, Se, Te, 
As, Sb, Bi, 
(Ge), (Sn), Pb, 
Ga, In, TI, 
Zn, Cd, Hg, 
Cu, Ag, (Au), 
Ni, Pd, (Pt), 
Cd, (Rh, Ir). 
Fe, Ru, (Os) 

0,(S),(P),(H), 
Si,Ti, Zr, Hf, 
Th, (Sn), F, 
Cl, Br, 1, B. 
Al, (Ga), Sc, 
Y, La. Ce, Pr, 
Nd, Sm, Eu, 
Gd, Tb, Dy, 
Ho, Er, Tm, 
Yb, Lu, Li, 
Na,K.Rb,Cs, 
Be, Mg Ca, 
Sr, Ba, (Fe), 
V, Cr, Mn, 
((Ni)), ((Co)), 
Nb, Ta, W, 
U, ((C)) 

H, N. C, (O), 
Cl, Br, 1, He. 
Ne, A. Kr, X 

I 

C, H. O, N, P, 
S, Cl, (Br), 1, 
(B),(Ca, Mg, 
K, Na), (V, 
Mn. Fe, Cu) 


In general, most of the earlier products of 
ciystallisation of silicate magmas are heavier 
than the average magma. This also holds for 
the sulphides of iron and other heavy metals 
(nickel, (>oppcr) which arc separated by liquation 
as liquid sulphide droplets. 

Many of the residual magmas during the 
process of fractional crystallisation (granodio- 
rites, granites, syenites, nephelite-syenites) have 
a low specific gravity and tend to rise. The 
same also holds for such mother-liquors of 
silicate magmas as give rise to pegmatites and 
to hydrothermal ore deposits. 

The fate of the different elements in mineral 
formation connected with the crystallisation of 
magmas is, therefore, closely related to the 
general laws regulating the entrance of atoms or 
ions into the crystal lattices of minerals. The 
structure of a crystal is dependent on three 
factors — the proportions of the constituent 
particles (as defined by chemical formulae), the 
ratios of the sizes of these particles, and their 
polarisation properties. Isomorphous replace- 
ment or exchange of particles (atoms, ions, or 

VoL. VIII.— 10 


radicals) can take place when there is a sufficient 
degree of similarity in size and in polarisation 
properties. In particular, it has been found that 
crystal lattices can admit particles if the differ- 
ence in radii docs not exceed about 15% of the 
smaller radius. For any understanding and 
prediction of isomorphous substitution it is, 
therefore, necessary to have information con- 
cerning the radii of atoms or ions. Tables Ila 
and II6 contain ionic radii such as arc commonly 
used. The one set (G.) are empirical data due to 
Goldschmidt (Trans. Faraday 8oc. 1929, 25, 
253), the list being first given in 1926; the 
other set (P.) was cahmlated seiui-empirically 
by L. Pauling in 1927 (“ Probleme der modernen 
Physik,” Leipzig, 1928, p. 17). Another semi- 
empirical set has been published by Zachariasen 
(Z. Krist. 1931, 80, 137), and a calculation on the 
basis of wave mechanics has been given by 
Jenson, Meyer-Gossler, and Rohde (Z. Physik, 
1938, 110, 277). 

These data apply to the structures of ionic 
crystals. In most of the minerals belonging to 
the classes of oxides, halides, silicates, and other 





Table Ila. The Empibical Ionic Radii (Goldschmidt, 1926 ), and Semi-empibical Ionic Radii (Pauling, 1927 ), both fob Co-ordination 

Number 6. 
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salts of oxy-acids, such as carbonates, sulphates, 
and phosphates, the metallic constituents are 
present as ions, and the radii corresponding with 
the respective degrees of ionisation (for instance, 
the ions of divalent or of tri valent iron) are the 
distinctive factor which decides if any such ion 
can, or cannot, enter a certain crystal structure, 
the growing crystals acting as nets or sieves 
which retain particles fitting into their structural 
dimensions. The simplest case of such sub- 
stitution is when ions of the same or nearly the 
same size, and of identical charge, are con- 
cerned, such as replacement of Mg^^, radius 
0-78 A., by nickel with the same charge and 
size, or univalent positive potassium (r --d-33 a.) 
by rubidium (r— 1-49 a.). Thus, the crystal of 
potash felspar can accommodate rubidium ions 
instead of potassium, but (sannot accommodate 
lithium ions (r~0-78 a.), and only to a very 
limited extent can it take up ctesium ions 
(r.“l*65 A.). Therefore no separate magmatic 
rubidium mineral has yet been discovered, 
whereas such a caesium mineral {pollucite, 
V. Vol. II, 195c) does exist {cf. Ahrens, Amcr. 
Min. 1945, 30, 610). 

The ability of crystals to accommodate ions 
of somewhat different sizes is greater at elevated 
temperatures than at lower temperatures, owing 
to the im^rease in thermal displacement of in- 
dividual particles at high temperatures. 

The simplest case of isomorphous substitution 
has just been considered, that which takes place 
between ions of similar size and the same charge. 
The extreme case of siudi similarity is attained 
when ions of the same typo, the same valency, 
and nearly the same size substitute each other, 
as in the following pairs : 



3 + 

3 -j- 

3 -1- 

3 4 

44 

4~) 

64- 

64- 

Ion 

Al 

Ga j 

Y 

Ho 

2r 

Hf 

Nb 

Ta 

r(A.) 

0-57 

0()2 1 

1 

106 

1 

106 

0-87 

0*86 

0-69 

0-68 


In sueh cases not only the structural dimensions 
but also the chemical properties are very nearly 
alike, so that the rarer element of the pair 
(e.g., Ga) is hidden or “ camouflaged ” by the 
more common element {i.e., Al). 

The similarity of ionic size in the pairs 
Y-Ho, Zr-Hf, Nb-Ta is caused by the 
lanthanide contraction, the effect of the filling 
of the N shells by 14 electrons in the sequence 
of the rare-earth elements (“ lanthanides ”) 
from 67 La to 72 Hf (Goldschmidt, Barth, and 
Lunde, Skrifter Norske Videnskaps-Akad. Oslo, 
I, Mat. Naturv. Klasse, 1925, No. 7 ; Von 
Hevesy, Z. anorg. Chem. 1925, 147, 228;. 
Danske Vidensk. Selsk. Math.-fys. Medd., VI, 
1926, No. 7). 

Many very interesting examples of assem- 
blages of tervalent ions of similar size are 
furnished by the minerals of the rare-earth 
elements, minerals which contain compounds 
either of all existing elements from 57 La to 
(cerium group), for instance, monazite 
(CePO^) [v. Vol. II, 6126), or of the series 
to 71 Lu (jrttrium group), associated with 
jgY in xenotime (YPO4) (v. Vol. II, 512c) 
(Goldschmidt and Thomassen, Videnskapssel- 
skapets Skrifter, I, Mat. Naturv. Klasse, 
Kristiania, 1924, No. 6 ; Goldschmidt, ibid. 


1937, No. 4). In some cases yttrium and the 
whole series of rare-earth elements from La to 
Lu are associated in the same minerals, c.g., 
yttrofluorite and many apatites {v. Vol. 1, 449c) 
(“ complete ” assemblages). 

A special case is the association of scandium 
with the elements ytterbium and lutecium, like- 
wise in consequence of ionic sizes, in the mineral 
thortveitite {v. Vol. V, 524c). 

Europium is not usually concentrated to any 
considerable extent in minerals of tervalent rare 
earths, as it enters . certain felspars and other 
minerals in the bivalent state, with an ionic 
radius nearly equal to that of potassium, 
strontium, or lead. 

In many cases it is observed that isomorphous 
substitution is not limited to pairs of atoms or 
ions with the same valency or charge, but 
extends to pairs of elements with similar radii 
but different valencies or ionic charges. Thus 
sodium (r^O-98 a.) can bo substituted by cal- 
cium (f=l*() 0 A.), calcium by tervalent yttrium 
(r=l-06A.), and tervalent yttrium by quadri- 
valent thorium (r=l- 10 A.). 

If an ion of different charge or an atom of 
different valency enters in place of one of the 
proper constituents of the crystal, then some 
kind of compensation must take place to secure 
the electroneutrality of the lattice as a whole. 
This takes place in different ways. For example, 
in cassiterite (SnOg) {v. Vol. II, 4196), three tin 
ions can be substituted by one of ferrous iron 
and two of niobium, or two of tin can be 
replaced by one of scandium and one of niobium. 
In many cases of such replacements, the average 
radii of the substituting cations are very close 
to the radius of the tjations of the host crystal 
(Goldschmidt, Chem. Products, 1944, 7, 33). 
The compensation can also bo brought about 
by substitution with suitable anions of different 
valency, e.gr,, in monazite, CePO^, tervalent 
Ce can be replaced by Th, the PO4 being 
replaced correspondingly by 8104 . Well-known 
examples are furnished in the crystallographical 
relationships between sodium felspar and cal- 
cium felspar, or between potassium felspar and 
barium felspar {v. Vol. V, la). In fluor-spar, 
CaFg {v. Vol. V, 283a), bivalent calcium ions 
can be substituted by tervalent yttrium, the 
valency balance being maintained by accom- 
modating extra fluorine ions in the fluor-spar 
lattice. In other cases the balance of electrical 
charges or of valencies is maintained by leaving 
certain lattice positions empty. An example of 
this can be given from the iron sulphides of the 
troilite-pyrrhotite family, where the entrance 
of some ferric iron, together with the dominating 
divalent iron, is compensated by the occurrence 
of a corresponding number of “ empty ” iron 
positions in the lattice, making the formula 
Fe(n-i)Sn, where n depends upon the number 
of tervalent iron ions. 

The knowledge of ionic or atomic radii not 
only permits the prediction of crystal structures 
and the possibility of isomorphous substitutions 
in crystals, but also makes possible a prediction 
of the sequence of entrance of substituting ele- 
ments. In so far as the bonding forces are 
strictly or dominantly of an electrostatic nature, 
this sequence is essentially that of the electro- 
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static forces between the ions, being inversely 
proportional to the square of interionic distance 
and directly proportional to the product of the 
charges of opposite signs. In the case of the 
same charge, magnesium (r— 0*78 a.), for in- 
stance, enters before bivalent iron (r=0-83 A.), 
and potassium before rubidium. In the case of 
difference in ionic charge, the higher-charged 
ion enters in preference to the lower-charged ion, 
so that tervalcnt scandiinn cjiters ionic silicates 
of magnesium and of bivalent iron in prefcren<;e 
to these bivalent ions (the scandium is “ cap- 
tured ” in pyroxenes of gabbro rocks) (Cold- 
schmidtand Peters, Naehr. Ges. Wiss. Gottingen, 
IV, 1931, 257), while univalent lithium enters 
the magneHium-ferrous minerals mainly at that 
late stag(^ of crystallisation whom the supply of 
bivalent ions is nearly exhausted (“ admittance ” 
of hthium into the biotites of granite and 
syenite rocks) (Stroek, Naehr, Ges. Wiss. 
Gottingen, iV, 1939, 171). 

It is thus realised that the sequence of the 
entrance of ions of different size and different 
electrical charge into crystal lattices depends 
upon the strength of the bonding forc^es between 
tlie lattice and the ion under consideration, the 
strength of the bonding forces being indicated 
by the ionic charges and by the reciprocals of 
the radii. Of course, the actual bonding forces 
are never exclusively of an electrostatic nature ; 
there is always a more or less important contri- 
bution l>y \hin der Waals forces, and very often 
also by valency forces (for instance, bonding by 
an electron jmir). Such valency forces arc in 
part responsible for the strong bonding of su(‘h 
elements as chromium and nickel in certain rock- 
forming minerals. In fact the particle radii 
which are observed in actual crystals are an 
indication of the sum of the o])erative bonding 
forces. , 

The fractional crystallisation of ign(H)us silicate 
magmas is, to a very high degree, controlled by 
the strength of bonding of the atoms (or ions) 
in crystal lattices, the minerals of highest crystal 
energy generally being the first to sopai-ate from 
the liquid state. This, of course, applies not 
only to the entrance of such rare elcnuuits as 
scandium and lithium into the minerals of more 
common elements, but also to a high degree 
regulates the sequence of crystallisation of 
these common minerals. Therefort^, the silicrates 
of magnesium generally crystallise before the 
aluminosilicates of calcium and the alkali metals, 
and magnesium enters the isomorphous mixtures 
in advanc^e of bivalent iron, which again in its 
turn precedes bivalent manganese ; lime felspar 
precedes the sodium felspar in their isomorphous 
mixtures, while potassium is concentrated in the 
last silicate fractions, together with hydroxyl 
and the univalent anions of the halogens. 
With decreasing temperatures the formation of 
more complex silicate and aluminosilicate 
anions is favoured, in comparison with the 
simple orthosilicate anions. 

The fractional crystallisation of silicate 
magmas, starting with basic olivine -gabbros, 
passing through granites and granodiorites and 
ending with more or less aciueous* mother- 
liquors giving rise to pegmatites (v. Vol. VI, 
1266), covers an extensive interval of tempera- 


ture, probably ranging in the main from about 
1,400° down to about 500°('. or even less. Still 
lower is the temperature range of most pneu- 
matolytic or even hydrothermal formations of 
epimagmatic minerals. An important phenome- 
non in connection with the decrease in tempera- 
ture in the process of fractional crystallisation of 
magmas and epimagmatic vapours and liquid 
phases is the decrease in the ability to accommo- 
date foreign partickss in the crystal lattices 
invudved (Bray, Hull. Geol. 8oc. Arner. 1942, 
53, 7()5). Through this effect, the residual 
motluT-liquors not only collect elements which 
could not enter the common minerals because 
of the unusual size of their particles (relatively 
small particles such as beryllium aiul boron, or 
relatively large particles such as caesium, barium, 
rare-earth metals, thorium, and uranium), but at 
low tem])eratures they may even leadi some rare 
elements from already crystallis(ul minerals such 
as felspars or apatite*. The felsf)ars of granites 
and p(;gmat lies, being formed at lower tem[)era- 
! turea, usually contain only relatively small 
amounts of most of the rare chunents, except 
I rubidium, some caesium, univalent thallium, and 
j tervalcnt gallium, as tjornpared with felspars 
and apatites from basic magmas which have 
crystallised at higher tcmp(*raturcs This is one 
of the reasons why in granites, syenites, and 
their pegmatites separate minerals are found of 
! many groups of rare elefucjits, such as lithium, 

I beryllium, and boron, rart'-earth metals, tanta- 
I him and niobium, zirconium and hafnium, and 
thorium and uranium. In pari, these rare 
i clemimts are concentrated in the mother li(juors 
by the ywocess of fractional crystallisation, and 
in ])art they are released fi'om earlier crystallisa- 
tion [U’oducts by the decr'case in ti'mperature 
which makes them less soluble in i.somorphou8 
mixtures. 11 is jiossible to distinguish elements 
which are generally (concentrated in early 
fractions of the sequenci; of ciystalhsation 
of magmatic rocks (for instance, chromium, 
nickel, magnesium) from elements which are 
concentrated in the late products of crystallisa- 
tion from their parent magmatic solutions, and 
gases ; Table III furnishes some examples. 

A most important chapter in the geochemistry 
of minerals relates to the genetic relationships of 
sulphide, arsenide, and thio-salt minerals, such 
as pyrite (FeS 2 ), pyrrlmtite (Fe(„ -i)S«), arseno- 
pyrite (FeAsS), and bounionite (CuPbSbSg) 
{v. Vol. IT, 53d). These minerals, with relatively 
few exc^eptions, have a metallic lustre, and also 
behave similarly to metals with regard to 
electrical conductivity. In addition their com- 
ponents are not in the same ionic state as, for 
example, in most oxides or oxy -salts. The 
structural relationships are therefore not 
determined by the usual ionic radii, but by sets 
of radii which have been called “ atomic ” or 
“ metallic,” or by “ tetrahedral ” or “ octa- 
hedral ” radii with regard to the co-ordination 
number. Such radii have been proposed by 
Goldschmidt, by Huggins, and by Pauling 
(Goldschmidt, Trans. Faraday Soc. 1929, 26 , 
263 ; L. Pauling, “ The Nature of the Chemical 
Bond,” Ithaca and London, 1942). Geochemical 
and isomorphic relationships in these minerals 
seem to be determined by such radii in much the 
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Table 111. — Typical Elements and Ions from 
Mother Liquors of Silicate Magmas. 


Pegmatites. 

Mineral 
deposits from 1 
magmatic gases. 

Hydrothermal 
mineral depo8it.s. 

Li, (Cs) 

Li i 

1 

Ag, Au 

Be, (Mn) 

Cu 

. 

Zn, Pb, Cu, 
Ba, (Sr),Mn 

B 

B 

(B) 

Sc, Y, La, Ce, 

Pr, Nd, Sm 
Eu, Gd, fb, 
Dy, Ho 

Er, Tu, Tb, Lu 

Sc, As 

As, Sb, Bi 




Ti, Zr, Ce, Hf, 

Th 

Sn 


Nb, Ta, (P) 

P, (Nb),Ta 


Mo, (W), U 

Mo, W 

(Mo), U 

F, Cl, OH 

F, Cl, OH 

F, Cl, OH 

CO 3 

CO, 

^3 

(S) 

s 

S, Se, Te 


same maimer as “ ioni(! ” minerals are determined 
by “ ionie ” radii. Among such relationships 
may be mentioned the close similarity between 
sulphur and arsenic particles in these tj’^pes of 
minerals, or the crystal-chemical relationships 
of many sulphides, arsenides, and antimonides 
of the elements of the iron and platinum groups, 
such as FeSg, NiSo, NiSbS, OsSg, PtASg, and 
many synthetic compounds of similar types. 
The crystallisation of minerals in deposits of 
sulphide ores and related minerals connected 
with igneous rocks covers a wide temperature 
range, from perhaps l,00()‘^c. in the case of the 
pyrrhotite-pentlandite-niccolite deposits, con- 
nected with peridotites and norites, to the low- 
temperature hydrothermal deposits formed at 
lOO^c. or less, including, for instance, mercury 
sulphides from hot springs. Other important 
types of metallic ores connected with igneous 
rocks are pneumatolytic deposits of cassiterite 
(SnOg), often associated with tungsten, arsenic, 
lithium, boron, and fluorine compounds. Among 
the deposits of ores and useful minerals as- 
sociated with igneous rocks, mention can be 
made of hydrothermal gold and silver ores, 
magmatic iron and titanium ores such as 
Tmgnetite {v. Vol. VII, 462a), ilmerut^, {v. Vol. VI, 
414d), and the (rare) apatite-nephelite rocks. 

The sequence of mineral assemblages con- 
nected with igneous rocks, from the high- 
temperature magmatic minerals to the last low- 
temperature products of magmatic gases and 
aqueous solutions, furnishes a multitude of 
examples of the dependence of mineral formation i 


on the properties of atoms and ions, the subject 
of geochemistry. 

Not less important, but in many respects not 
yet so fully investigated, is the next part of the 
geochemical cycle of matter, comprising the 
proces.ses of w eathering, erosion, and sedimenta- 
tion, including the formation and development 
of soils. The diflicultics of investigation are 
here very much gieater than wdth tlie mineral 
assemblages of the igneous sefjuence, because 
the products of w eathering and the soils include 
many cryptocrystalline and colloidal minerals 
of as yet uncertain constitution and relation- 
ships. 

I’he processes of weathering take plac^e mainly 
through the action of the atmosphere (and, in 
part, the hydrosphere) on rocks and minerals. 
The active agents are essentially the free oxygen 
and carbon dioxide in the atmosphere or tlis- 
solved in the hydrosphere, the hydroxoniurn, 
bicarbonate, ami hydroxyl ions of w^ater and 
aqueous solutions, and the water dipoles theun- 
sclves. In very many cases biogeocheraic^al 
processes are involved in weathering and in the 
formation of soils and sediments (W. VT^rnadsky, 
“ Gcochimie,” Paris, 1923; “La Biosphere,” 
Paris, 1926). The processes of weathering and 
sedimentation in general represent a gigantic 
process of chemical analysis which is in continuous 
operation at and near the surface of the earth’s 
crust, forming the material for sedinumts and 
for soils, as outlined in the following scheme, 
which contains a few examples of the sedi- 
mentary sequence. Of course, the operative 
processes in making sediments depend very 
much on climatic conditions, esyiecially tempera- 
ture and available moisture. The influence of 
climate is shown, for instance, in the corndation 
of evaporation products with dry climates, and 
by the frequent correlation of bauxite formation 
with moist tropical conditions. 


Table IV. — Chemtcat. vS accession of 

Bedim ENTS. 


Ihocesscs. 

Examines. 


1. Insoluble residua. 

Sandstone, with quartz 
zircon . 

and 

2. Hydrolysis . . 

Bauxite, clay. 


3. Oxidation 

! Limonite, psilomelane. 


4. Keduction . 

Goal, oil, sedimentary 
phides, sulphur. 

sul- 

5. Garbonation . 

Limestone, dolomite. 


6. Evaporation . 

Ghloridea, sulphates, borates. 


A number of coarse-grained sedimentary rocks, 
such as arkoses, greywackes, tillites, and many 
conglomerates, are derived from their parent 
materials mainly by mechanical disintegration 
and erosion, without much chemical weathering 
and differentiation. 

The most important physico-chemical property 
for the sedimentary sequence of rocks and 
mineral assemblages has been found to be the 
ionic potential ^/r, where Z is the ionic charge 
(for instance, 2 in a bivalent ion) and r is the 
ionic radius. This ionic potential measures the 
electrical field-strength at the surface of the ion 
involved and in most cases controls the be- 
haviour of the ion towards dipoles in solvents. 
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especially towards hydroxyl in the sedimentary phosphate from the very small percentage of 
cycle. For ions of the inert-gas types, the phosphates in the water of the ocean, 
following numerical rules can be applied. If the The distribution of rare elements in sediments 
potential is less than about 4, soluble cations are generally follows the order of ionic potentials, 
formed at pH about 7-8, as in the case of alkalis modified by adsorption phenomena which in 
and alkaline earths (except beryllium) ; if be- many cases fix soluble ions to hydrolysate and 
tween 4 and 12 rather insoluble hydroxides or oxidate sediments, thereby greatly reducing 
complex hydrolysates are obtained, such as the amounts of such poisonous substances as 
hydrated aluminosilicates, as in the case of arsenic, copper, lead, and selenium which would 
beryllium, aluminium, and titanium ; and if the otherwise have concentrated in the water of the 
ionic potential (of the hypothetical cation) is in ocean (r/. Ahrens, S. African J. Sci. 1945, 41 , 
excess of about 12, it forms valency bonds with 152). The retention also of a large amount of 
oxygen and hydroxyl to form the central atom potassium (including rubidium and caesium) in 
of soluble complex oxy-acids, such as boric, sul- hydrolysate sediments and in soils is a process 
phmdc, nitric, and phosphoric acids. of very great biochemical importance as a factor 

A simple diagram (Fig. 1) may illustrate the of soil fertility, 
distribution of such elements in the sedimentary Of still greater economic importance, however, 
cycle (Goldschmidt, Geol. Foreningens Stock- is the formation of soils, especially those of 
holm Forh. 1934, 56, 386). agricultural and sylvicultural value. The pro- 

cesses of weathering and leaching 
primarily concerned are closely related 
t(» ! hose processes in sediment formation 
which residt in residual sediments, 
hydrolytic products and, in part;, the 
products of oxidation and reduction, 
under various climatic conditions. The 
minerals and mineral assemblages in 
soils are therefore very closely akin in 
most cases to the corresponding assem- 
blages in sedimentary rocks. Relatively 
coaise granular sands and silts are found 
as constituents of soil, representing the 
least soluble residual constituents of 
weathered rocks, for example quartz, 
alkalino felspars, magnetite, ilmenite, 
and zircon (Hart, J. Agric. Sci. 1941, 
31 , 438; 1942, 32 , 373). These 

residual minerals, together with a 
greater or jesser amount of such typical 
hydrolysates as montmorillonite {v, 
Vol. Ill, ] 96a ; V. 381d), hydromicas, 
chlorites, kaolinite (v. Vol. VII, 95a ; 
111, 196tt), hydrargilUte (r. Vol. V, 
532a), and amorphous hydroxides and 
1 2 3 4 5 6 hydrosilicates of alumijiiura, as well as 

Ionic Charge oxidates of iron and manganese, con- 

I stitute the bulk of the inorganic 

material of nearly all soils, apart from 
subordinate amounts of calcium and 
The chemical separations and concentrations magnesium carbonates, and in a few cases 
of elements throughout the sedimentary cycle evaporation products such as chlorides or 
are of very 'great practical importance. Among sulphates and bicarbonates, generally of sodium 
the residual sediments we find quartz sands, (in alkaline soils). The finest fractions of soils 
sandstones, and quartzites, e.g.^ ganisters, as (the “ clay ” fractions), especially, seem to 
well as the auriferous quartz conglomerates of correspond closely to hydrolysate sediments, 
the Witwatersrand ; the hydrolysates furnish A most important constituent of soils is water, 
refractory clays, kaoiinites, and bauxites ; the usually very much in excess of the percentage of 
oxidates comprise the most important iron and water in consolidated sediments. The “ bound ” 
manganese ores ; the products of reduction com- water in soils seems to derive many of its 
prise sulphur, sedimentary pyrites, oil, coal, essential properties from its association with 
and oil shales ; the carbonation products com- layer-lattice hydrolysate minerals, either enter- 
prise limestone and dolomites ; the evaporation ing into their structures or being oriented 
products, all the salt deposits from sea water (polarised) at their surfaces (see Hendricks and 
and inland lakes, including sedimentary chlo- Jefferson, Amer. Min. 1938 , 23 , 836 ). 
rides, borates, sulphates, and nitrates. The One very marked feature in most soils is the 
overwhelming bulk of the annual production of differentiation or “ zoning ” of the profile, 
mineral wealth is derived from the sedimentary resulting from translocation of organic matter, 
cycle. In addition, nearly aU of the phosphate sesquioxides, etc., by percolating solutions, the 
deposits are derived from this cycle by several productionanddecay of organic matter, different 
processes of natural concentration of calcium conditions of oxidation and reduction, differ* 
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ences in pH, and corresponding differences in 
leaching and accumulation of the various 
constituents. 

The nature of the mineral assemblages cha- 
racteristic of the finest materials in the different 
types of soils can only be given in broad outline 
as yet. The available data suggest that climatic 
conditions determine to a large extent the nature 
of the end products in mature soils : thus, the 
eluvial horizons of the soils of moist temperature 
and tropical zones are characterised by the pre- 
dominance of clays of the kaolinite type, whilst 
those of the serai-arid and arid zones contain for 
the most part members of the rnontmorillonite 
group {see Tabic V, which is based on Hardy and 
Rodrigues, Soil Scienc^e, 1939, 48, 301 ; Hend- 
ricks and Alexander, ibid., p. 257 ; Nagelschmidt, 
Desai, and Muir, J. Agric. Sci. 1940, 30, 039; 
Sedletzky, Pedology, 1942, Pt. 3/4, 61). The 
Red and Black Earths provide an example in 
which topographic conditions override the in- 
fluence of climate. I 


Table V. — Characteristic Clay Minerals 
OF Different Soil Types. 


Climate. 

Soil. 

(3iaract(Tistic 
clay mineral 
group. 

Arctic. 

'runclra. 

Mica type. 

Cold moist tern- 

Podzol, 

Kaolinite type. 

perate. 


Moist temperate. 

De}?radcd clier- 

Kaolinite type. 

Semi-arid. 

nozein. 

Chernozem. 

Montmorillonite 

Arid. 

Chestnut soils. 

tyi>e. 

Montmorillonite 

Hot, alternate 

lied earths. 

type, 

Kaolinite type. 

wet and dry 
seasons. 


Hot, alternate 

Black earths 

Montmorillonite 

wet and dry 

(regiu). 

type. 

seasons. 



Moist tropical. 

Lateritic. 

j Kaolinite type. 





A factor of very great importance, mostly as 
yet unknown, is the distribution of “ trace ” 
elements in soils, in relation to the original rock 
materials and the special processes of w eathering 
and zoning involved. As many trace elements, 
such as boron, fluorine, selenium, cobalt, copper, 
molybdenum, manganese, etc., are of great im- 
portance in the production of crops and live 
stock (Watson, Chem. and Ind. 1944, 138; 
Mitchell, Proc. Nutrition 8 oc. 1944, Vol. I, 
No. 3), it will be necessary to study the geo- 
chemistry of trace elements throughout the 
processes of weathering and in the assemblages 
of soil minerals. An observation of general 
importance is the considerable concentration of 
many “ trace *’ elements in the inorganic 
material of the humus layer of forest soils, which 
seems to be reflected in the concentration of trace 
elements in the ash of certain fossil coals (Gold- 
schmidt, Ind. Eng. Chem. 1935, 27, 1100; 
Gibson and Selvig, U.S. Bur. Min., Tech. Paper 
669, 1944). 

T^e fate of fertiliser elements, such as potas- 
sium, phosphorus, nitrogen, and calcium, in soils 
and in soil minerals, has been the subject of 
many investigations. The fixation and avail- 
ability of potassium in soils is related to I 


phenomena of ion adsorption or ion exchange, 
phenomena which have been found to be closely 
related to ionic sizes and ionic potentials, a most 
important factor being the similarity of radii 
between univalent potassium and liydroxoniuin 
(H 3 O+) in such minerals as hydromica. The 
fixation of phosphorus in soils seems to be closely 
related to the contents of free hydroxides of 
tervalent elements (iron and aluminium), which 
tend to form insoluble complex cs with jjhos- 
phoric acid in acid soils. In less a.cid or alkaline 
soils, the addition of phosphate may give rise to 
the formation of insoluble phosphates, fluoro- 
phosphates (Nagelschmidt and Nixon, Nature, 
1944, 154, 428), and hydroxy phosphates of cal- 
cium. In the first process the degree of oxidation 
of the iron ions seems to be very important, ferric 
iron causing fixation, and reduction to ferrous 
iron causing release of phosphoric acid, as in 
corresponding processes in fresh water e(M>logy 
(Flinsele, Archiv Hydro biologic, 1938, 83, 301 ; 
cf. Glentworth, Trans. Roy. Soc. Edin. 1944, 61, 
149). In the second process the presence of 
available fluorine may prove to be a factor. 

The geochemistry of nitrogen in soils is with- 
out doubt influenced by the close similarity in 
ionic radii of the univalent cations of ammonium 
and potassium in the processes of base exchange. 
Important problems are related to the activity 
of molybdenum and possibly vanadium in the 
fixation of atmospheric nitrogen by nitrogen- 
fixing bacteria. According to other geochemical 
experience, the vanadium is probably concen- 
trated in minerals of hydrated ferric iron, and the 
molybdenum possibly in the soil minerals of 
tervalent or quadrivalent manganese. The 
mobility and migration of manganese and molyb- 
denum are dependent to a great extent upon 
their stage of reduction or oxidation. 

Reduction and oxidation potentials 
generally are of very great importance in the 
geochemistry of minerals under various con- 
ditions. It is clearly understood that the electro- 
chemical potential of reduction to the metallic 
state is the factor that decides which elements 
can be expected to occur in the metallic state 
in terrestrial materials. Mineralogical experi- 
ence shows that a reduction potential of about 
-fO-13 V. (lead) is the limit for the occurrence of 
free metals as terrestrial minerals formed from 
aqueous solutions. It is possible that the 
similarity in the reduction potentials of the three 
elements silver, gold, and tellurium is a reason 
for their frequent very close association in 
hydrothermal ore deposits. In the mineral as- 
semblages formed from anhydrous molts, as in 
meteorites, the usual limit is given by the 
reduction potential of iron. 

Reduction-oxidation conditions not only in- 
fluence the occurrence of uncombined metallic 
elements, but ai*e also of the utmost importance 
for the geochemistry of elements existing in 
more than one stage of ionisation. This will be 
clearly understood by a consideration of some 
examples. Bivalent iron has a radius (0*82 a.) 
close to that of magnesium (0*78 a.), while the 
radius of tervalent iron (0*67 a.) like that of 
tervalent vanadium (0*65 a.) and tervalent 
chromium (0-64 a.) is very close to that of ter- 
valent aluminium (0-57 a.). Therefore the geo- 
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chemistry of these elements in the tervalent 
state, especially in the sedimentary and soil 
cycles, is characterised by the insohibility of 
their hydroxides and by their association with 
aluminium compounds. However, quinque- 
valciit vanadium (r about 0-4 a.) and sexavalent 
(hromitirn (r about 0-3-0-4 a.) have such a high 
ionic potential that they form rather soluble 
complex ox y -acid anions. Therefore, in a sufh- 
ciently oxidising environment, vanadates are 
formed which are isomorphous with phosphates ; 
and also chromates which, like the vanadates, 
are imn h more mobile in nature t han the oxygen 
or hydroxyl compounds of the tervalent 
chromium ion. Sexavalent molybdenum (in 
molybdates) is much more mobile than quadri- 
valent molybdt'num. 

The highest oxidation-potential in terrestial 
mineral associations (nitrates, dichromates, per- 
chlorates, and iodates) is encount(‘red in th(‘ 
nitrate soils and Jiitrate sediments of the nitre 
deposits of Chile ; high oxidation-])ot.entials are 
also encountered near the surface of certain ore 
deposits in hot climates, giving rise, for instance, 
to vanadates, molybdates, and chromates. 

These ditferences in the geochemical behaviour 
of polyvalent elements are without doubt of 
great importance for geochemical proceHS(‘S in 
soils. Proce.sses of reduction and of oxidation 
often seem to be associated with I ai'terial 
activity. As an example of such a geochemical 
process of reduction, the format ion of hydrogen 
sulphide, iron sulphide, and free sulphur by 
reduction of aqueous sulphate solutions by sul- 
phur bacteria may be mentioned ; and as an 
example of the oxidation process, the precipita- 
tion of ferric JiydVoxide by oxidation ol’ the iron 
ions in ferrous bicarbonate* solutions, the inci'oase 
in ioni(t potential I'rom ferrous to ferrii* ions 
(ausing the precipitation of ferric hydroxide. 
Very noticeable, through t lie formation of multi- 
coloured mineral associations, are the processes 
of oxidation and reduction connected with the 
weathering of ore deposits, especially of sul- 
phide ores. In the “ oxidation zone,” above the 
le vel of ground water, ferric hydroxide or hema- 
tite is formed, as well as salts of copper, lead, 
and zine with oxy-aeids, e.y., malachite, diop- 
tasc, cenissite, anglesito, pyromorphite, vanacli- 
nitc, wulfenitc, and smithsonite. Below the 
oxidation zone, below* the level of ground w'ater, 
the solutions (iontaining soluble salts of precious 
metals, e.g., silver, are subject to reduction by 
sulphides of base metals such as iron and zinc, 
and in this “ cementation zone " the precipita- 
tion of metallic silver and copper, and sul])hide8 
and thio-salts of silver and univalent copper 
{e.g.y AggS, AggSbSg, Cu^S, CugAsSg, and 
many others), is observed. In the cementation 
zone remarkable concentrations of valuable 
metals, derived from large volumes of oxidised 
poorer ores, are found, and this zone was there- 
fore preferably subjected to mining operations j 
in ancient times. Much of the wealth of the 
Spanish colonies in America, for example, has 
been derived from the silver ores accumulated 
in cementation zones. 

A number of important minerals and mineral 
assemblages owe their origin to processes of 
metamorphisw; Under suitable geological con- 1 


ditions, involving considerable alterations of the 
two well-known physico-chemical factors, tem- 
perature and hydrostatic pressure, and a third 
factor, mechanical strain, important alterations 
of minerals, mineral assemblages, nrul rocks can 
take place; this is known ns metamorphism. 
Most ccmspicuoiis as a rule are those alterations 
which take place when low -tcmpcral nre* and low- 
j)ressiire asscm])lages (c.f/., of sedimentary rocks) 
are subjected to elevated temperatures and 
pressures by heat from neighbouring masses (d' 
magma (contact mctamorj)hism), or strain and 
heat derived from gootectonie movcnients such 
as mountain folding (regional metamorphism or 
dynamo melamorjdiism), or the <‘oml)in(«l effect 
ol’ these two processes. 

By contact metamorjhism of fi ydrolyHat(^ 
sediments, anhydrous a lu minium minerals, sindi 
as amdaUimte {v. Vol. 1, 370/^), cordieritc (r. 
Vol. V’ll, 17rf), corundum {v. Vol. 111. 3ff8/^), and 
spinel (7K Vol. 1, 204^, 284 r), may be formed, and 
carbonate dim(*nts may give rise to various 
silicates of calcium and magnesium. In many 
cases the mineral assemblages of contact meta- 
morphism furnisli line examples of equilibrium 
assemblages in accordance with the phase rule. 

In regional melainorjffiism the conditions of 
mineral formation arc somewhat more eom- 
plicated sinec. besides variation of temperature, 
xariaiion of pressure is a factor of very great 
importance, giving a large variety of compounds 
coMlaining walcr or hydroxyl in the products. 
As an example, l\v(lrolys{\tcs transformed into 
different ty})es of shales. })hyllitcM, mica schists, 
and aluminious gneisses may he mentioned. A 
remarkable feature of high-pressure assemblages 
is the prevalence of very dense minerals such as 
kyfwite {r. Vol. VJl, IfffK*) and pijrope (r. Vol. \^ 
4295 and c). 

In very many (‘ases metamorphism leaves un- 
changed the bulk chcmi(*al (composition of 
mineral assemblages and rocks (with the excerp- 
tion of volatile con.stitnents smh as w*atcr and 
carbon dioxide), alFecting only the distribution 
of constituents between tine different individual 
minerals. There are also, however, many cases 
in which substantial chemical additions and 
losses t ake place, both in contact metamori)hism 
and regional metamorphism, such as the trans- 
formation of limestone into lime-iron silicates 
or of dolomites into magnesite. ISuch a process, 
involving chemical transfoijnation of one or 
more minerals by reactions with solutions or 
gases, is called metasomatism, a process very im- 
portant for the formation of many useful ores 
and other mineral materials outside the scope of 
contact or regional metamorphism. Many im- 
portant deposits of zinc and lead ores have been 
formed by metasomatic transformation of lime- 
stone and dolomite. 

Metasomatic processes of very great geo- 
chemical importance are involved in “ fel- 
spatisation ” or “ granitisation ” in areas of 
combined contact and regional metamorphism, 
processes whereby the hydrolysate sediments 
such as shales can be transformed into gneisses 
and granite-like rocks (Goldschmidt, Viden- 
skapsselskapets Skrifter, I, Mat. Naturv. Klasse, 
Kristiania, 1920, No. 10). 

The physico-chemical laws of mass-action can 
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be applied to the proccHses of meiasoniatiBni, 
requiring a certain minimum concentration of 
the invading solutions to effectuate mineral 
transformation. 

The geochemistry of minerals is thus controlled 
by the atomic or ionic properties of the elements 
involved, and also by geological environmental 
factors such as temperature, pressure, and strain, 
and their changes, reduction-oxidation poten- 
tials, diffusion of solutions and gases, and bio- 
chemical processes. 
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MINERVITE. A hydrated phosphate of 
aluminium with potassium, of variable (com- 
position, derived from organic remains and from 
rave-deposits of bat-guano. It occurs as White, 
earthy or pulveruleut masses, tvpical analyses 
including PgOg 39, AlgOg 20, KgO 7, 29%, 

and a small (juantity of ammonia. The mineral 
serves as a valnahle fertiliser, though produced 
only on a small scale. 

1). W. 

MINETTE. A PVench miners’ term of local 
origin now' applied both to an igneous rock and 
to an iron-ore. The name is used in petrology 
for a dark, fine-grained member of the lampro- 
phyre group, consisting essentially of orthoclase 
and biotitc, and usually occurring in the form 
of igneous dykes. Jt sometimes serves locally 
as a road-metal. 

In central Europe the “ minette ” or oolitic 
lirnonite ores of Lorraine and Luxembourg 
provide the bulk of the raw material for the 


French and German steel industries. These ores 
probably rank seeemd only in importance to the 
hematites of the Lake Superior region. They 
are sedimentary deposits, interstratified with 
shales, limestones, and sandstones of Jurassic 
age, the ore being composed of soft, earthy, 
oolitic lirnonite and subsidiary hematite, with 
some sid(‘ritc and the iron silicate', ehamosite. 
The grade of ore is low, averaging Fe 30, P2O5 2, 
CaO 5-12, SiOg 7-20%. About 50 million 
ions of "■ minette ore are prodiiet'd annually, 
and the reser\'es are estimated at 5,000 million 
tons. 

T). W. 

MINIOLUTEIC ACID {v. Vol. V, 52J). 

MINIUM. An oxide of lead, Pb 304 , 
found only in massive, earthy, or powdery form, 
and in micToscopie crystalline scales of unknow'n 
symmetry. Its colour is scarlet or orange-red, 
and the streak orange -yi^llow, p 4-(), hardness 
2^. The mineral becomes black on heating, but 
Iht' original colour is restored on cooling. Jt is 
soluble in hydrochloric, acid with evolution of 
chlorine. Minium is a comparatively rare 
st'condary mineral derived by tlu' alteration of 
galena and (‘('vussite, and is occasionally found 
as a coating on ancient leaden objects. 

The artificial red lead used as a pigment has 
the same eomjjosition as minium. It may be 
prepared by heating lead monoxide in air at dull 
red heat ; minute crystals can he grown by 
heating lead monoxide or carbonate in hot con- 
centrated potassium hydroxide solution. 

1). W. 

MINOFER {V. Vol. I, 44Ga). 

MIN YAK NY ATOM {v. Vol. II, 32r). 
MIOTINE (?'. Vol. 11, 200/). 

MIRABILITE, Glauber’s salt. A hydrous 
sodium sulphate, NagSO^,! OHgO, crystallising 
in the monoclinic system, sometimes in long 
needle-like forms, but usually found as efflores- 
cent crusts. It is identical with the artificially 
produced Glauber’s salt or sal mirabile of 
Glauber. Possesses a perfect front pinac^oidal 
cleavage, is white in ('olour, and is readily 
soluble in water with a cool and then feebly 
saline and bitter taste, p 1 *48, hardness 1^-2. 
Mirabilite loses its water rapidly in dry air and 
crumbles to powder. It is deposited from saline 
waters in arid regiorm, especially during the 
wdnter months, and is extracted from thi' con- 
centrated brines of bitter lakes. Extensive 
harvestable deposits occur along the shores of 
the Groat Salt Lake and the Gulf of Karabugaz 
(Caspian Sea). The mineral is often associated 
with halite and gypsum, and may occ ur in lake- 
bottom deposits interstratified with epsom salts 
and sodium carbonate. 

The annual world production of natural sodium 
sulphate exceeds 50,000 tons, but the natural 
compound is now largely displaced by salt cake 
(NagSO^) manufactured from salt. Artificial 
Glauber’s salt is made from salt cake. The 
anhydrous sulphate is used extensively in the 
manufacture 01 wood pulp for Kraft paper, and 
in making rayon, textiles, heavy chemicals, 
glass; dyes, soap, paint, etc. The hydrous salt 
is employed in dyeing and as a medicine, 
especially for cattle. Mirabilite is dehydrated 
for shipment as “ crude salt cake,” which can be 
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dissolved in water and recrystallised in the form 
of Glauber’s salt. 

References . — “ Industrial Minerals and Hocks,” 
American Institute of Mining and Metallurgical 
Engineers, New York, 1937, Chap. XL, by It. C. Wells 
(brief r^sumd and bibliography) ; P. M. Tyler, 
"Sodium Sulphate,” U.S. Bur. Mines, Inf. Circ. 0833, 
1936. 

I), w. 

MIRBANE, ESSENCE OF, Myrbane* 
essence of, old names for nitrobenzene (Vol. 1, 
6W)). 

J. N. G. 

MISCHMETALL {v. Vol. II, 516^;). 

MISCIBILITY OF LIQUIDS (v. 

Phase Role). 

Ml SO Iv. Vol. V, 59c). 

M I S P I C K E L (usually know'ii as Arseno- 
pyrite, or Arsenical Pyrites). A mineral con- 
sisting essentially of iron arsenide-sulphide, 
FeAsS, but with cobalt usually replacing a part 
of the iron. High-cobalt varieties are known 
as (jlaucodot. It has been shown recently that 
arsenopyrite is not orthorhombic, as formerly 
considered, but monoclinic, or perhaps triclinic. 
Crystals prismatic, either long or short, the 
prism zone being often striated vertically and 
the domes grooved horizontally ; twinning pro- 
duces pseudo-orthorhombic forms, star-shaped 
trillings, and repeated twins, as in marcasite. 
The mineral commonly occurs in granular or 
massive form, and when not tarnished it has a 
silver- white colour inclining to steel-grey, with 
a dark greyish -black streak. It is liable to 
tarnish to a pale copper-colour on exposure, 
and has a bright metallic lustre. Under the ore- 
microscope, in polarised light, the mineral ex- 
hibits strong anisotropism. When heated on 
charcoal or struck with steel it emits a character- 
istic garlic odour, p 5-9-6‘2, hardness 6|-6. 

Arsenopyrite is the most important source of 
arsenic. It is frequently found in tin and 
tungsten ores, and in many gold, silver, copper, 
lead, and zinc deposits, the most notable being 
that of Boliden in Sweden, which is alone 
capable of supplying enough arsenic for the 
whole world. About 50,000 tons of “ white 
arsenic ” are normally produced annually as a 
by-product of smelter smoke from arsenical ores 
containing arsenopyrite and other less common 
arsenic minerals, such as enargite. Sweden, 
France, U.S.A., and Mexico are the chief pro- 
ducers of arsenic. 

Arsenic is principally used in the form of 
white arsenic, or arsenious oxide, As^Og, which 
is widely employed as a weed killer and for the 
manufacture of insecticides and wood and 
leather preservatives, glass, dyes, and pigments. 
Metallic arsenic is alloyed with lead in shot 
metal. 

D. W. 

MISTS, PARTICLESIZE IN (v. Vol. IV, 
966). 

“ MITIGAL ” (V. Vol. VII, 593d). 

MITIS GREEN. Schweinfuri Green (Vol I, 
478a). 

J. N. G. 

• The origin of Mirbane Is obscure ; the derivation 
is not given in the leading dictionaries in the British 
Museum. 


MITRAGYNINE AND ALKALOIDS 
OF MITRAGYNA SPECIES. The botani- 
cal problem of the Mitragyna species (Fam. 
Rvhiacesiy sub-group Cinchonoideae) is compli- 
cated, and it seems doubtful whether all bases are 
traced from the correct source. According to 
Raymond -Hamet and Millat (c/. Bull. Sci. 
Pharmacol. 1933, 40, 593, with interesting 
botanical details), four Asiatic and two African 
Mitragyna species are known : 

1 . M, parvifoUa Korthals. 

2. M. rotundifolia O. Kuntze (syn. M. diversi- 

folia Havil.). 

3. M. speciosa Korthals. 

4. M, tuhuJosa 0. Kuntze. 

5. M. mermis 0. Kuntze (syn. M. africuna 

Korthals). 

b. M. stipulosa 0. Kuntze (syn. M. macro- 
phylia Hiern). 

Under the name of “ Kratom ” the leaves of 
M. s-periosa are (die wed as a narcotic in Siam by 
habitues, who, like the Coca addicts in S. 
America, are stated to be able to endure groat 
fatigue in great lieat (T. A. Henry, “ Plant Alka- 
loids,” 3rd ed., (■hurchill, 1939, p. 623). The 
bark of M. africana is used in Senegal as febri- 
fuge. For the pharmacology of mitragynine, 
(*/. Grewal (J. Pharm. Exp. tW. 1932, 46, 261), 
and for mitrinermine, rf. Perrot, Raymond- 
Hamet, and Millat (Bull. Sci. Pharmacol. 1936, 
43, 694). None of the mitragyna bases is of any 
practical use for medical purposes. 

Mitragynine, C22H30O4N2 (or possibly 
C.^2*^32^4^2)» isolated by Field from 

A/, speciosa (J.C.S. 1921, 119, 887). It was re- 
extracted (yield 0 2%) and re -investigated by 
Ing and Raison (ibid. 1939, 986). Mitragynine 
is an amorphous, colourless solid ; it distils 
unchanged at 230-240°/5 mm. ; m.p. after 
distillation, 102-106°; it is a monoacidic base 
(like all mitragyna alkaloids), yielding an amor- 
phous monomethiodide, m.p. 211*5°. The 
picrate forming orange -red slender needles from 
methanol, m.p. 223-224°, is the only salt suit- 
able for the initial purification of the alkaloid ; 
hydrochloride, rhomb-shaped leaflets, m.p. 243° ; 
hydrogen fumarate cream- (coloured felted mass of 
needles from methyl ethyl ketone, decomp, 
between 190° and 200°; cinnamate, m.p. 156°. 
Mitragynine contains three methoxyl groups; 
by the action of alkali and methanol it is con- 
' verted into an amphoteric raonocarboxylic acid, 
C2iH2g04N2, m.p. 280°, and a basic substance, 
C23H840=N2, regenerating the original base 
with alconolic hydrogen chloride and yielding 
the amphoteric acid on further treatment with 
alkali. By simply methylating this amphoteric 
acid, mitragynine is not regenerated. Dehydro- 
genation with selenium and zinc-dust distillation 
yielded no definite results. Besides mitragynine, 
a second amorphous base, with an amorphous 
picrate, was obtained from the same plant 
(yield 0*27%). 

Mitraversine, C22H2e04N2, isolated from 
M. diveraifolia (Field, Lc.), crystallises from 
methanol, m.p. 237°. The hydrochloride forms 
rhomb-shaped leaflets, m.p. 208-210°. Mitra- 
versine contains twe methoxyl groups. Ray- 
mond-Hamet and Millat (J. Pharm. Cmm, 1937, 
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[viii], 26, 391) havc3 isolated from the same plant 
an alkaloid with m.p. 263*6-264*6°, with about 
the same molecular formula as Field’s compound. 

Rotundifollne, CggHjeOgNa. [a]if +124° 
(c— 2*14, in chloroform), isolated from M. 
rotundifolia, yield about 0*005% (Barger, Dyer, 
and Saigent, J. Org. Chem. 1939, 4, 418), 
crystallises in slender glistening prisms from 
methanol, m.p. 233-234°, soluble easily in 
chloroform, moderately in acetone, ethyl 
alcohol, and benzene, and sparingly in ether. 

Mitraspecine, Cg^HggOgNg, was isolated by 
Denis (Amcr. Chem. Abstr. 1939, 33, 1741) from 
M. speciosa ; it forms monoc.linic platelets from 
ethyl alcohol, m.p. 244-245°, [a]“ -69-15° (in 
chloroform), soluble in ethyl alcohol, benzene, 
and acetone, but almost insoluble in ether. The 
picrafe has m.p. 13G°. Mitraspecine contains 
three methoxyl groups. The bark of M. sjieciom 
yields 5% of the alkaloid, in contrast to the 
0*2% content of the wood. 

Mitrinermine, C22H28O4N2, [a]Jf —24°, was 
first isolated by Raymond -Hamet and Millat 
from M. inermis (Compt. rend. 1934, 199, 587) 
and from M. stipulosa (J, Pharm. Chim. .1934, 
[viii], 20, *577). It crystallises in fine needles 
from acetone, m.p. 215-216°, and is very soluble 
in the usual solvents ; it contains two methoxyl 
groups. Kaymond-Hamet (Bull. 8ci. Pharma- 
col. 1940, 47, 194) has identified the alkaloid 
crosnoptine (from Crossopteryx spp.) with 
mitrinermine. Barger, Dyer, and Sargent {lx.) 
have isolated mitrinermine from M. rotundifolia 
(yield 0*03%) and examined its absorption 
spectrum ; they have also found that it is 
identical with rhynchophylline^ which Kondo 
(Amer. Chem. Abstr. 1928, 22, 3166) isolated 
from Ourouparia rhynchophylla. Similarly to 
mitragyrine, mitrinermine yields by alkaline 
hydrolysis an amphoteric acid which, when 
methylated, does not regenerate the original 
base. 

Mitraphylline, C.2JH26O4N2, [a]^^ -7*7° (in 
chloroform) was isolated by Michiela from what 
was believed to be ill. macrophylla Hiern. (Amer. 
Chem. Abstr. 1926, 20, 964 ; 1932, 26, 3070), but 
was later found to be Adina rubrostipulata {ibid. 
1936, 30, 7780) ; it is therefore closely related to 
the mitragyna alkaloids {cf. Denis, ibid. 1928, 22, 
301). It crystallises in fine needles from acetone, 
m.p. 262-263°. 

Authentic M. macrophylla was extracted by 
Larrieu (Pharm. Thesis, University of Paris, 
1930). Raymond-Hamet and Millat have de- 
monstrated (Amer. Chem. Abstr. 1935, 29, 
4133) that the alkaloid of this plant is mitriner- 
mine; they have also reinvestigated Michiels’ 
specimen of mitraphylline {ibid. 1936, 30, 1379) 
and are of the opinion that it is the mono- 
methoxy derivative of mitrinermine. An un- 
named alkaloid is also known to be present 
in M. parvifolia Korth., but details are not given 
(Hooper, Pharm. J. 1907, 78, 453). 

Little is known about the constitution of the 
mitragyna bases ; no doubt they are indole- 
alkaloids carrying one or several methoxyl 
groups but no NM e-groups, and they are 
inethyl esters of unknown amphoteric acids. 

Schl. 


MITSCHERLICH PULPS {v. Vol. II, 
461 c). 

MITTLER'S GREEN is Guignet’s Green 
(Vol. Ill, 1076 ; IV, 279c) or a mixture contain- 
ing this pigment and barium sulphate. 

J. N. G. 

MIXED CRYSTALS {v. Phase Rule). 

MIXTURES, AZEOTROPIC {v. Vol. IV, 
516). 

MKANYI FAT (MSAMBO FAT) is the 

hard white fat (m.p. 40-46°) obtained from the 
seeds of the East African tallow tree {Allan- 
blackia sfuMmannii Engl. (syn. Stearodendron 
alMmannii) (Earn. Guttifers?). It is used locally 
by the natives for edible purposes, and would be 
suitable for the manufacture of soap or stearino. 
The fatty acids consists of (approximately) 
palmitic acid 3, stearic acid 53, and oleic acid 
44%. The fat itself consists chiefly of oleo- 
distearin (63-65%, probably entirely the )3- 
oleo-aa'-distearin) and di-oleostcarins, with a 
very little (probably not over 1*5%) of palmito- 
stearins {cf. Heist?, Arb. Kaiserl. Gesundheit- 
samt, 1 896, 12, 540 ; Krause and Diesselhorst, 
Tropenpfl. 1909, 13, 286 ; Anon., Bull. Imp. Inst. 
1929, 27, 455; Hilditch and Saletore, J.S.C.l. 
1931, 50, 468t; 1933, 52, IOIt). 

Similar fats are obtainable from “ Kisidwe ” 
seeds derived from A . Jloribunda Oliv. (“ Bou- 
andja fat ”), from the 8t?edB of A. florlbnnda var. 
Kisonghi, Verm. (Pieraerts and Adriaens, Les 
Mat. grasses, 1929, 21, 8510, 8539; Anon., Bull, 
tmi). Inst. 1929, 27, 455 ; Meara and Zaky, 
J.S.C.l. 1940, 59, 25), from A. parviftora (Meara 
and Zaky, /.c.), and from the seeds of A. klainei 
Pierre (Adriaens, Les Mat. Grasses, 1933, 25, 
9931, 9961). 

E. L. 

M.N.T. {v. Vol. IV, 4666). 

MOCHA-STONE {v. Vol. I, 164a). 

MOCHYL ALCOHOL {v. Vol. I, 692d). 

MODDITE (/;. Vol. IV, 5196). 

MOEBIUS PROCESS (?^ Vol. Vi, 108a). 

MOHAIR {V. Vol. IV, 1 24c). 

MO HAWK I TE (c. Vol. IV, 55c). 

MOHR I {V. Vol. I, 123a). 

MOHUA BUTTER {v. Vol. I, 653a). 

MOIRE METALLIQUE. Tin-plate {v. 
Vol. VII, 52c), tinned sheet iron, acquires a 
variegated crystalline appearance by a heat 
treatment followed by etching with acids. The 
sheet is heated at about 230°c. until the surface 
just begins to flow, cooled in water, and then 
dipped momentarily into diluted aqua regia 
(e.g., HCI:HN08:H20 = 1:3:40). In Habe- 
nicht’sU.S.P. 300599, the sheet is quickly washed 
in 4% sodium hydroxide solution before etching. 
Finally it is washed in water, dried, and 
lacquered. 

J. N. G. 

MOISSANITE. Naturally occurring sili- 
con carbide, SiC, crystallised in the rhombo- 
hedral system, and identical with the artificial 
product known as carborundum. As minute, 
green, hexagonal plates, associated with micro- 
scopic diamonds, it was detected by Henri 
Moissan (1852-1^7) in the meteoric iron of 
Oafion Diablo in Arizona. 

L. J. S. 
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MOLAR FRACTION (or MOL FRAC- 
TION). 

Definition. — If a system contains more than 
one kind of molecular species, the proportion of 
any particular constituent in the mixture can 
be expressed by the molar fraction, which is 
simply the ratio of the number of moloculeH (or 
g.-mol.) of that constituent to the total number. 

Thus, if the mixture contains molecules (or 
g.-mol.) of A, TiB molecules of J5, rtc molec ules of 
0, etc. . . ., then the molar fraction of A (Aa) 
in the mixture is : 


. . . 

A similar expression givc's the molar fraction 
of B, (\ etc., and, of cours(\ the sum of all the 
molar fractions is unity. 

Aa+Ab+Ac+ . . .-1. 

Molar fraction is often the most convenient 
unit for expressing the composition of a mixture, 
and is clearl}^ the most fundamental. It is 
commonly used in the tlu'oi y of the “ osmotic. ” 
(or “ colligative ”) properties of solutions; for 
example, in dihite solutions the lowering of 
])art-ial vapour pressure, the osmotic pressure, 
the elevation of boiling-point, and the depression 
of freezing-point are all approximately directly 
proportional to the molar fraction of solute (or, 
if more than one solute is ])resent, to the sum of 
the molar fractions of aU the solutes). Molar 
iraction is employed vciy extensively in the 
modern thermodynamic theory of solutions 
for example, K. A. Cuggonheim, “ Modern 
Thermodynamics,” JiOndon, 1933). 

Molar fraction is, of course, related in a simple 
manner to the practical units of concentration, 
since the mass (wa) of wa molecules of molecular 
weight A/a is given by 

’Wa=--'«aA/a/M 

where iV is Avogadro’s Number (th(‘ number of 
molecules in 1 g.-mol., i.e., bOtix 10“^). Hence, 
if the composition of a mixture is known in 
mass units, the molar fractions can be obtairu'd 
from expressions such as : 

^ w-a/A/a 

7aA/A/A f wb/A^b-I wo/Aic+ • . . 

Similarly, by means of the gas laws the molar 
fraction of a (onstituent of a gaseous mixture 
can be calculated from a know k dge of the partial 
pressures of the various components. 

J. A. K. 

MOLECULAR BEAMS (or molecular 
rays) arc streams of molecules moving through 
a high vacuum in a narrow bundle, with thermal 
velocities. A molecular beam is produced by 
letting molecules escape through a small orifice 
into an evacuated container, and placing a screen 
with a small opening across their path so that 
only a narrow bundle of molecules can pass 
through. The first experiments with molecular 
rays (by L. Bunoyer, Le Radium, 1911, 8, 142) 
were undertaken to provide direct evidence for 
the kinetic theory of gases. Later the method i 
was improved and used by 0. Stem and his 
school to study the deflection of atoms and mole- j 
cules in magnetic fields, and for other problems, j 


In only a few other laboratories has work on 
molecular rays been taken up ; prominent 
among them is that of L I. Rabi and collaborators. 
The method of molecular beams and earlier 
results are described by R. G. J. Fraser, “ Mole- 
cular Rays,” Cambridge University Press, 1931. 

Production. — The method of producing 
molecular beams depends on the chara(d,er of 
the substance in cpiestion. Substances which 
have too low- a vapour pressure at room tempera- 
ture [e.g.f metals, salts, etc.) must be heated in 
an ” oven,” a ('losed container wdth a narrow 
opening (generally a slit) through which the 
vapour inolecuhiS can escape. The oven is 
placed inside a larger container in wLich a high 
vacuum is maintained. A sc(;ond slit, the 
” collimator,” is placed some distance? from tlie 
oven in order to allow' the jiassagc of a narrow 
bundle of moleeules only. The other molecules 
are eondensed on the collimator or the walls of 
the apparatus, or on specrial condensing surfaces 
cooled, e.gr., with liquid air. The collimation is 
often achievt'd in two steps, first by a ” fore- 
slit " vvhi(‘h is placed at about 1 cm. from the 
oven slit, ami then by the collimator ])r()]>er at a 
greater distance. The foreslit forms the only 
opening in a partition wall which dividers the 
apparatus in two compartments, which are 
exhausted by sc'parate pumps. This is done 
lH^eauH(? tlie ovt'u generally gives off some 
gaseous products, and the lu^am would suffer 
considerable s(‘att(;ring if it w^ere to run in this 
gas for its whole length. With the arrangement 
deseribed, the beam passes into a higher vaeiium 
on going through the fore -slit-. 

Gases (or generally siibstaiiees wdth a sufficient 
vapour pressure at room tcunperature) need no 
heating, yet the opening through wliicli they are 
allow'Cfi to eHeap(‘. into the vacuum is generally 
called the oven slit. The use of a fore-slit and 
a jiowerful pump for removing those molecules 
which do not form part of the beam is essential. 
For spe(‘ial purposes the oxam slit may be cooled 
or heated, in order to get a liighor or lower 
average velocity of the moleeules. Beams of 
attmiie liydrogtni or oxygen have been produced 
by passing the gas through an eleetric discharge 
tube immediately before it arrives at the oven 
slit. 

As the [iressure of the gas or vapour in the 
oven is increased the beam intensity at first 
rises proportionally with the pressure. If, 
however, the pressure is raised beyond the point 
where the mean free path is equal to the width 
of the slit, collisions between the moleeules in 
front of the oven slit become frequent and the 
beam gets broadened. (This phenomenon is also 
described by saying that the escaping gas forms 
a cloud in front of the oven slit.) In addition, 
the intensity loss due to scattering of the beam 
in the gas between oven slit and fore-slit in- 
creases with increasing pressure, with the result 
that the beam intensity passes through a maxi- 
mum. The best conditions for producing 
intense molecular beams have been laid dowm 
by 0. Stern (Z. Physik, 1926, 39, 751). 

Detection. — ^For the detection of molecular 
beams, several methods have been developed. 
In the case of solids a receiving plate (of polished 
metal or glass) may be placed across the beam. 
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A visible deposit is formed by the eoiidensiiig 
molecules ; the intensity of the beam may be 
estimated — rather inaccurately — from the time 
(a few seconds to several hours) which elapses 
i)efore the deposit becomes visible. If the beam 
is very weak, the yet invisible trace can be 
“ developed ” by admitting, for instance, mer- 
cury vapour (cigar smoke, too, has been tried 
with some success). Alternatively, the collector 
can be sensitised by depositing a thin layer of 
metal befoTo exposing it to the beam. The 
collector must, in general, be cooled, for instance 
by liquid air, since molecules arriving one by 
one at a surface of a ditb'rent material tend to 
evaporate again unless they meet another 
similar atom with which they can form the 
rudiment of a crystal lattice. At temperatures 
such that tliis re-evaporation is appreciable, the 
time required to form a visible trace incn^ascs 
rapidly with decreasing beam -intensity. Single 
atoms also tend to migrate along the surface, 
and very fine traces ther(d)y become both blurre<i 
and weakened. Eor these various nelsons the 
condensation of the beam on a collecting plate 
has now been practically abandoned as a 
method of detection, but the study of this 
])henomenon offers interesting information 
regarding the interaction of the beam molecules 
with the receiving surface. 

A visible trace can be obtained from beams of 
atomic hydrogen, by letting them impinge upon 
a surface of molybdenum trioxide, which tluueby 
becomes reduced and blackened. 8imilarly, a 
target of litharge can be used for atomic oxygen. 

Beams of gas molecules or atoms can be 
mcasur(‘d quantitatively be observing tin* in- 
crease in pressure inside a closed container into 
which they are allowed to (mter through a small 
opening. The pressure in this container rises 
mitil the number of molecules escaping through 
the opening (the receiving slit) equals the num- 
ber brought in by the beam. The equilibrium 
pressure is thus proportional to the beam 
intensity. By moving the receiving slit across 
the beam its intensity distribution can be quanti- 
tatively explored. A very sensitive manometer 
has to be used in measuring the pressure rise, 
which is of the order of 10~^ mm. of mercury, or 
less. O, Stern developed an improved Pirani 
(hot-wire) manometer which allowed him to 
detect pressure changes of a few* 10“'* mm. To 
eliminate pressure fluctuations in the vacuum 
(which are often many times greater than the 
pressure built up by the beam) he used two 
similar manometers connected to similar slits, 
one of which was placed away from the beam ; 
the two manometers formed part of a Wheat- 
stone bridge in such a way that an equal pres- 
sure change on both manometers gave no gal- 
vanometer deflection. The receiving slit is 
often made fairly deep (like a slit cut wdth a 
thin saw in a thick board) so as to delay the 
escape of molecules without impeding the entry 
of the beam. This increases the equilibrium 
pressure, but also the time required to establish 
equilibrium, and it is therefore important to 
keep the volume of the manometer as small as 
possible. Manometers of less than 1 ml. have 
been made (0. R. Frisch and 0. Stern, ibid. 1933, 
86, 4; J. M. B. KeUogg. I. I. Rabi, N. F. Ram- 


sey, and J. R. Zacharias, Physical Rev. 1939, 
[iij, 56, 728). A special type of ionisation 
manometer has also been tried (I. Estermann and 
O. Stern, Z. Physik, 1933, 85, 135). 

A very elegant and sensitive method of detec- 
tion, first employed by J. B. Taylor [ibid. 1929, 
57, 242) depends on the fact that certain mole- 
cules, in particular those containing alkali ele- 
ments, become ionised if they impinge on hot 
tungsten. A tungsten wire is placed in the path 
of the beam, and a negative electrode near or 
around the wire server to collect the ions given 
off. Th(‘ current is ])roportional to the number 
of molecules whi{'h hit the wore per unit time, 
and an electrometer or sensitive galvanometer 
permits the detection of very weak beams. The 
sensitivity may be further increased by letting 
the beam condense on the cold wire for some 
time and then observing Ihe ballistic deflection 
caust'd by the sudden release of the accnmulated 
amount on h(‘ating the wire. Certain molecules 
wdiich are not ionised by pure tungsUm may be 
dctccti'd if the wire is previously (covered with a 
layer of oxygen, whereby its work funetion is 
raised . 

Application. — The technique of molecular 
beams lias been applied to a great variety of 
problems. In the first instaiu'e they were used 
to verify in the most direct muimer the behaviour 
of molcculi's as predicted by the kinetic theory 
of gases. On increasing the pressure in the con- 
tainer through w hicJi the beam passes, the beam 
intensity was found to decrease exponentially, 
l^'roni the rate of decreasi', the mean free path 
of th<‘ molei ules could bo t alculated. The value 
found was considerably smaller than the value 
ealculatcd, e.g., from viscosity data. The reason 
is that a very small angular deflection is auflicient 
to remove a molecule from the bt^am, wdiereas 
viscosity ])henomcna are connected with large- 
angle deflections, for which the (tolliding mole- 
cules must approach more closely. The correct- 
ru'SH of this interpretation is borne out by the 
fact that very narrow beams have a shorter 
mean free path than broader ones. Attempts 
have also been made to observe directly the 
angular distribution of molecules scattered from 
the beam by collisions with gas molecules (of the 
same or a different kind), and direct evidence 
was obtained for the strong prevalence of for- 
ward scattering, wdiich had been deduced, e,g., 
from the temperature dependence' of viscosity 
(F. Knauer, ibid, 1932, 80, SO). 

The Maxw'cll distribution of molecular 
velocities was another prediction of the kinetic 
theory which could be tested directly by mole- 
cular beams. Stern rotated the whole evacuated 
container, and showed that the deposit formed 
by the beam on the collecting plate is shifted 
and blurred to an extent corresponding to the 
amount by which the (jollector moves during the 
passage of the molecules from the collimator to 
the collector. It is also possible to select mole- 
cules within a narrow velocity interval, by 
passing the beam through a system of two 
rapidly rotating slotted wheels (somewhat like 
that in Foucault’s measurement of the velocity 
of light). By varying the speed of the wheel 
and observing what fraction of the beam is 
passed, the velocity distribution can be deter- 



168 


MOLECULAR BEAMS. 


mined with considerable accuracy, and is found 
to be in complete agreement with Maxwell’s 
prediction. 

Experiments on the reflection of molecular 
beams from solid surfaces have levcaled some 
very interesting phenomena connected with the 
wave properties of streams of moving particles. 
On the whole, the assumption of the kinetic gas 
theory that molecules are reflected according to 
a cosine law (like light from a dull white surface) 
has been fmmd correct. The reason is that even 
on the most highly polished surface there are 
irregularities much larger than the do Broglie 
wave-lengths of molecules moving with Max- 
weUian velocities. The effect of these irregulari- 
ties is reduced at glancing incideiH‘e (when, for 
in8tan( c, a ground -glass disc shows some spccmlar 
reflection of light) and for light molecules 
(helium, hydrogen), for which the wave-length 
is largest. Very slight specular reflection was 
indeed observed from polished metal at a 
glancing angle of a few minutes. 

From a cleavage surface of a lithium fluoride 
crystal (and to a lesser extent, from other alkali 
halides), however, an appreciable part of a 
beam of hydrogen or helium is reflected in 
mirror-like fashion. In addition, diffracted 
beams are observed, the direction of which agrees 
accurately with that calculated from the proper- 
ties of the cross-grating formed by the top layer 
of atoms in the crystal lattice. By studying the 
diffraction of beams of helium from which all 
molecules except those within a narrow^ velocity 
interval had been removed by rotating tooth- 
wheels {see above) the de Broglie relation 
X==hlmv between momentum, mv, and wave- 
length A (where h-- Planck’s quantum of action) 
was verified with great accuracy (I. Estermann, 
O. R. Frisch, and O. Stern, ibid, 1932, 78, 348). 

The quantitative study of these reflection and 
diffraction phenomena would no doubt enable 
fairly detailed conclusions to be drawn about the 
forces acting between the beam molecules on one 
hand and the crystal surface on the other. One 
result in this direction is the interpretation of 
certain irregularities observed in the reflection 
and diffraction of beams of helium atoms on a 
surface of lithium fluoride. It had been 
observed that the intensity of the reflecti d beam 
varies in a very marked fashion if the crystal is 
rotated in its own plane, and similar variations 
occur in the diffracted beam. It was suspected 
that these irregularities occurred whenever one 
of the diffracted beams fell into the plane of the 
crystal, but the directions in which irregularities 
were actually found did not agree with this idea. 
J. E. Lennard-Jones and A. F. Devonshire 
(Nature, 1936, 137, 1069) showed that quantita- 
tive agreement could be obtained if due attention 
was paid to the attraction between the surface 
of the crystal and the beam molecules, and con- 
cluded that there are at least two energy states 
for the helium atoms adsorbed on the cube face 
of lithium fluoride, the heats of adsorption 
being 67*6 and 129 g.-cal., respectively. 

The reflection of light molecules from crystal 
surfaces is essentially a wave phenomenon. 
The ** bumpiness ” of the crystal surface, due to 
its atomic structure, merely causes the appear- 
ance of diffiacted beams, while the reflected 


beam (diffraction of zero order) remains com- 
pletely sharp. (A very slight broadening in 
certain cases was traced to imperfections of the 
crystal.) With heavy atoms (zinc, cadmium, 
mercury) a “ classical ” type of reflection was 
observed (A. Ellett and H. F. Olsen, Physical 
Rev. 1931, [ii], 38, 977; R. M. Zabel, Bull. 
Amer. Physical Soc. 1932, 7, 29; B. Josephy, 
Z. Physik, 1933, 80, 755). Here the wave- 
length is so small that different diffraction 
orders are not resolved but appear as a broaden- 
ing of the reflected beam, which can be described 
in terms of reflection of elastic spheres from a 
corrugated surface. 

Perhaps the most important (certainly the 
most numerous) applications of molecular beams 
are those based on their deflection in magnetic 
fields. It was an early conclusion from quantum 
theory that the possible orientations of molecules 
in a magnetic field are quantised, that is, that 
only a finite number of orientations are possible. 
In particular, for a system with a momentum of 
hl47T (such as, for instam^e, an alkali atom), two 
positions only exist, viz. those in which the 
magnetic moment of the system is either parallel 
or antiparallel to the magnetic field. If a beam 
of atoms of that land passes through an in- 
homogeneous magnetic field in which the field is 
stronger, say, to the right of the beam and 
weaker to the left, then those atoms which are 
orientated parallel to the field are deflected to 
the right, whereas those with the antiparallel 
orientation are deflected to the left. Stern and 
Gerlach were the first to show that a beam of 
silver atoms is indeed split into two distin(;t 
beams (Ann. Physik, 1924, [ivj, 74, 673). This 
was diro(!t evidence for the “ space quantisa- 
tion ” predicted by quantum theory. Acjcording 
to classical physics, atoms with all kinds of 
orientations should have been represented in 
the beam, and their deflection in the inhomo- 
geneous magnetic field should merely have 
caused the beam to be broadened. 

The magnetic field used by Stem and Gerlach 
was produced by an electromagnet, one pole 
piece of which had a sharp edge facing a groove 
in the other pole piece. Thus the field intensity 
varies rapidly from a high value near the edge 
to a low value in the groove. The beam is aimed 
so as to run parallel to the edge and fairly near 
to it. For accurate measurements it is necessary 
to know the field gradient accurately, which 
requires rather laborious measurements. Rabi 
suggested an alternative arrangement in which 
the beam is directed, at an angle, against the 
edge of a homogeneous field formed between flat 
parallel pole-pieces. On entering the field the 
beam passes through a region of inhomogeneity 
and suffers deflection. It is not necessary, 
however, to measure the field in this region, 
since the total deflection depeiids only on the 
value of the magnetic field where it has become 
homogeneous, and on the angle between the 
beam and the edge of the field. (The phenome- 
non is, indeed, analogous to the refaction of 
light on passing from one medium to another.) 
Another way is to use one or more wires through 
which an electric current is passed; the fi^d 
thus produced can be calculated, but it is difficult 
to get very strong fields by this method. 
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Because of their different velocities, individual 
beam molecules suffer different deflections, and 
the two parts into which the beam is split are 
broadened. By applying the ionisation method 
to the detection of a beam of alkali atoms it was 
possible to measure the intensity distribution 
accurately, and to show that it does indeed agree 
with the Maxwell distribution, as expected. In 
the course of such experiments a small un- 
deflected beam was noticed, and ascribed to the 
(non -magnetic) diatomic molecules. The split- 
ting of the beam in the magnetic; field therefore 
constitutes in some cases a reliable and accurate 
analysis of the beam into its atomic and mole- 
(!ular components. By varying the temperature 
and pressure of the oven and oven slit, it was 
possible to determine the heat of dissociation of 
the molecules Kg, Na^, and Lig (L. C. Ix'wis, 
Z. Physik, 1931, 69 , 786). 

Only one successful attempt has betm made 
HO far to determine the magnetic moment of an 
atomic nucleus by the deflection of a molecular 
beam, caused by this moment. Molecular 
hydrogen is probably the only substance suitable 
for this method, since its molecules carry no 
electronic moment and the rotation of the mole- 
cule (which produces a magnetic moment of 
similar magnitude to the nuclear moment) can * 
be restricted to its two lowest quantum-states 
by cooling the oven with liquid air. In view of 
the smallness of the moment to be measured 
(about one-thousandth of that of an electron, 
as carried by an alkali atom) a very k)ng and 
narrow beam and a very strongly inhonu)- 
genoous field had to be employed ((). 8tern et a1.^ 
ibid. 1933, 85, 4). The result was unexpectc‘d: 
it was found that the magnetic moments of 
proton and electron were not- - as had been 
thought — in the inverse latio of their masses, 
the moment of the proton being about 2*5 times 
the expected value. 

The problem of measuring nuclear moments 
was very successfully solved by Rabi and his 
school, who used several indirect methods. In 
one of them, the deflection of atoms carrying 
an electron moment {e.g,y hydrogen or alkali 
atoms) is studied in a deflecting field which is so 
weak that coupling l^etween the nuclear moment 
and the electronic moment is only partly 
destroyed. This is the case if the deflecting 
field is about as strong as the field caused by the 
nucleus at the average distance of the electron 
which produces the electronic moment. The 
theory of these deflections is practically identical 
with the theory of the anomalous Zeeman effect' 
(the splitting-up of spectral lines in weak mag- 
netic fields), and the molecular method gives no 
information which could not, in principle, be 
obtained from a study of the Zeeman effect. 
The advantage of the molecular beam method is 
its much greater resolving power and the fact 
that it gives directly the splitting of one term (in 
general the ground term), whereas a spectral line 
corresponds to the transition between two levels 
and its Zeeman pattern is therefore more compli- 
cated. For an accurate measurement of a 
nuclear moment the electronic wave-function of 
the atom in question is required, and this is 
known accurately for the simplest atoms only. 

In the case of the proton and the deuteron, 


the results obtained by the deflection of mole- 
cules were essentially verified, and approximate 
magnetic moments were found for some other 
nudei. Perhaps the main advantage of Rabi’s 
method is that it allows the angular momentum 
of the nucleus in question to be found in a 
reliable way. (The spectroscopic determination 
of angular momenta is a very delicate problem.) 
The procedure is based on the fact that for cer- 
tain values of th(^ magnetic field the contri- 
butions of the nucleus and the electron to the 
magnetic moment of the atom may cancel, so 
that a certain proportion of the atoms passes 
undeflocted. The; receiver is set at the position 
of the undeflected beam and the magnetic field 
is varied. At each of the critical field -values a 
sharp maximum in beam intensity is observed, 
and the number and position of these maxima 
yields directly the angular momentum. 

The latest and most successful method for 
measuring nuclear magnetic; moments was also 
developed by Rabi and his school (Physical 
Rev. 1938, (ii], 53, 318; 1939, [ii], 55, 526) and 
is frecpientlj'^ called the method of radio- 
frequency spectra. The arrangement is more 
complicated in so far as the beam passes 
through three different magnetic fields in succes- 
sion. The first and third are inhomogeneous 
fields of the usual type. After being split up 
in the first field, the beam traverses a slit which 
allows one component only to pass through. 
The inhomogenoity in the tliird field is opposite 
to that in the first, so that the atoms suffer a 
deflection in the opposite sense and are focussed 
on the detector. The second field is a strong 
homogeneous one, on which is superimposed a 
weak radio-frequency field. If the quantum 
energy hr of the radio-frequency happens to be 
equal to the energy differonc'c between two 
adjacent orientat ions of the nucleus, some of the 
nuclei will take up (or give up) a quantum and 
assume a new orientation in the magnetic field. 
In consequeiu'c, some of the molecules will be 
deflected in the* wrong direction on passing 
through the third field, and the intensity 
observed by the detector will be diminished. 
The phenomenon can also be described as a 
reRonan(;e between the Larmor frequency of the 
nucleus in the magnetic field and the radio fre- 
quency superimposed on it. In looking for 
these resonances, the radio frequency is kept 
constant and the magnetic field is altered in 
small steps. The recorded beam -intensity as a 
function of the magnetic field shows a number of 
exceedingly sharp minima, corresponding partly 
to the various nuclei represented in the beam, 
and partly to moments caused by molecular 
rotations (electronic moments have a much 
higher Larmor frequency and are not observed). 
Assignments are made with the help of beams of 
molecules of different chemical compounds, and 
by the different amplitude of the minima. The 
method gives the gyromagnet-ratio, that is the 
ratio of the magnetic moment to angular 
momentum. So far this ratio has been measured 
for more than 20 different kinds of nuclei, and 
the results are of great interest for nuclear 
theorists. From certain anomalies in the radio- 
frequoncy spectrum of atomic deuterium, Rabi 
concluded that the deuteron possesses an 
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appreciable electrical (]iiaclrupole moment, a 
result of fmidairiental importance for the 
theoretical study of the forces between nuclear 
particles. 

The deflection of molecular beams in inhomo- 
genous electric fields has been observed, and 
several attempts have been made to determine 
thereby the electric dipole-moment and the 
polarisability of certain organic molecules which 
are insoluble in non-polar solvents. Only 
qualitative results wore obtained {see Fraser, 
op. cit., and M. WohlwilhZ. Physik, 1933, 80, 67). 

O. R. F. 

MOLECULAR CONDUCTIVITY. 

iJifiFINTTIONS. 

Electrical conductivity or condindance ” is 
defined as the r(;ciprocal of resistance, and thu.s 
has the units ohnr ^ (sometimes called “ mhos ”). 

Specific conductivity (/c) is the reciprocal of 
specific resistance (resistivity) and is therefore 
the current which ])asses between the opposite 
faces of a unit cube of the mat(‘rial und<‘r an 
applied potential ditference ol' 1 v. If ]i is the 
rcsistaiKJe between two parallel faces of area A, 
and distance I apii»rt, the specific resistance is 
MAjl and the specific conductivity K=^ljUA. 
(Units of K : ohra~^ cm."'). 

Eq uivalent conductivity (A) is defined as 
k\\ where V is the volume in ml. containing 
1 gram-equivalent of solute. Hence 

A l,U(X)K/r' 

where C is the concentration in gram-equivalents 
per litre. 

Molecular conductivity {At,^) is defined as 
KVrn where volume in c.c. containing 

1 gram-mol(‘cule of solute. Hence 

Aj)i~ I 

where ni is the concentration in gram-molecul(‘S 
per litre. A and A<ni are clearly identical for 
uni-univalent electrolytes, and are otherwise 
related by a simple integral factor. 

ICXFERIMENTAL DETERMINATION OF 

El ectrot. ytic ('on d r cti v it i es . 

Although electrolyte solutions obey Ohm's 
Law, their resistance cannot be measured by 
the usual methods employed for electronic 
conductors, owing to the back e.ra.f. of polari- 
sation which is set up when a current is passed. 
Instead, a Wheatstone bridge with an alternating 
current source is used, and the balance point is 
detected as the point of minimum sound in a 
telephone receiver. Fig. 1 shows the cirtmit 
used. 

The source of alternating current, c, should 
have a frequency of about 1,000 cycles per 
second and may be a small induction coil or 
“ reed hummer,” but is preferably a valve 
oscillator since this produces the most nearly 
perfect sine-wave potential without a uni- 
directional component. Any polarisation in- 
duced during one half-phase is then exactly 
reversed by the second half. For precision work 
the telephone receiver, b, should be tuned to the 
frequency of the oscillator, and a one- or two- 
stage valve amplifier is commonly added to in- 
crease the sensitivity. For industrial purposes 


it may be necessary to use an alternating-current 
galvanometer, or rectifier and amplifier circuit 
with a direct- current galvanometer. 

The conductivity cell, a, should consist of 
rigid platinum electrodes sealed in a vessel ol 
sili(;a or resistam'O glasses such as “ Hyrex ” ; 
ordinary soft glass gives olf too much alkali. 
For gciiicral jnirposes the diisign of the cell is 
not critical, and a great variety ol forms have 
been used, such as the l)ottlc type', dipping, and 
pip(‘tto cells, but for work of high pn'cisiou 
special cells must be used whicli arc designed 
for rigidity, exclusion of aii’, absence of electrical 
errors, etc. U'ashbuni (.1. Amer. Fhem. Soc. 



Fi(!, 1.- Dia(jr\m of Wheatstone Bhioue 
FOR MeA.SUKINO HlECTROEVTU’ (^)NI)U(:- 
TIVITY. 

A, Coiuluctivity cell ; B, telephone ; e, altoniatitjg- 
current source ; fg, slide v\ir(' ; K, calihratcd 
variable resistance ; 1), variable condensc'r. 

1916, 38, 2431) designed a number of cells to 
cover different conductivity ranges. {See also 
Ives and Riley, J.C.8. 1931, 1998; Jones and 
Bollinger, J. Amer. Chem. Soc. 1931, 53, 411.) 
Shedlovsky {ihid. 1932, 64, 14J1) used a special 
form of cell for extremely dilute solutions. 
Conductivity cells must, of course, be cleaned 
and washed very thoroughly. The electrodes 
^are generally platinised by eleetrcflysis in a solu- 
tion containing 3 g. of chloroplatinic, acid and 
0-02~0-03 g. of lead acetate dissolved in 100 ml. 
of water ; the object is to reduce polai isation by 
facilitating reversibility. It is not desirable to 
platinise electrodes for use with very dilute 
solutions, owing to adsorption by the platinum 
black. Conductivity is very sensitive to tem- 
perature, and the cell must therefore be placed 
in a thermostat, preferably of oil. 

Since the dimensions of conductivity colls are 
rarely known exactly, it is usual to determine 
the effective “ cell constant ” by measuring the 
resistance of the cell when it contains a salt 
solution of accurately known specific con- 
ductivity. Aqueous potassium chloride solu- 
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tioiiR are generally used, 'i'able 1 siimmariaeH 
some of the very aei urate ineasurcmentH of 
«Jones and Bradshaw {ibid. 1983, 55, 1780). 


Table 1. — The Specific Condcctivitv of 
Aqueous Potassium (Chloride Soiajtions. 


CoiKTiit ration. 

Si)ccific (jonductivity 
(olmi -i cni.-i). 

JNoriiiality. 

(i. of KCI 
|M'r Kr. of 
solution, 
in 

vacuiuii. 

0 (’. 


25'r. 

1-0 

7M:L^)2 

0- 005 IS 

0-007S4 

on i:u 

01 

7 tIOi:) 

0 00711^8 

O-OIl 1«7 

0-01 2850 

001 

0 74f^2«3 

0()00773() 

0-001220.5 

0-0014088 


The rt?sistanee, R, is generally a “ de(*ade box 
reading from 1 to 1(P ohms, the (‘oils of whieh 
should b(‘ non-induetiv(*ly wound. The variable 
(air) condenser, i), is jilaeed in parallel with r 
to improve the sharpness with which the bridge* 
can bo balanced, and is adjusted experiment- 
ally to give the best balance point in each 
case. The slide-wire, FO, may be a simple 
metre wire, hut for coiivenienc<‘ the wire is often 
mounted on a cylindrical drum, and additional 
lixed resistances each equal to 41 times the 
resistance of fo can be connected at each end to 
increase the range and precision of the reading. 

To carry out a measurement, the slide-wire 
contact X is set at about the mid-point of the 
wire and the resistance R and condenser u are 
adjusted to give the sharpest obtainable mini- 
mum of sound in the telephone. The final 
balance is obtained on the slide-wire. When 
the bridge is balanced the resistance of the (rell a 
is given by rxfx/ox. 

The apparatus described above would sufficte 
for the measurement of conductivities with an 
jK'Curacy of about 01%. However, greater 
precision (better than 04)1%) is possible with 
special bridge design, including earthing and 
screening devices to avoid reactance errors, 
special technique in the preparation of standard 
solutions {cf. Frazer and Hartley, Proc. Koy. 
Hoc., 1925, A, 109, 851), calibration of slide- wire 
and standard resistances, and very accurate 
temperature control, together with the use of 
mercury-cup connectors to avoid thermal con- 
duction from the coll by the leads. For 
details of precision methods the reader is re- 
ferred to the original papers quoted, and also 
the following : Morgan and Lammert, J. Amer. 
Chem. Soc. 1926, 48, 1220 (contains a review of 
^iarlier work) ; Jones and Josephs, ibid. 1928, 
50, 1049 ; Jones and Bollinger, ibid. 1929, 51, 
2407; Shedlovsky, ibid. 1930, 52, 1793. For a 
precision bridge incorporating modem methods, 
me Luder, ibid. 1 940, 62, 89. 

Purification of the Solvent. — For all but 
the roughest work, solvents used for conductivity 
measurements must be purified with extreme 
care, especially when very dilute solutions are to 
be studied. Each solvent requires special con- 
sideration, but only water will be discussed here. 
Ordinary laboratory distilled water generally 
hsrs ohm""^ or more, Oom- 
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plet-ely pure water should have 0’04x 10~® at 
18‘^’u. ; Koblrausch and Heydweiller (Ann. Phys. 
Chem. 1894, jiii], 53, 209) obtained a small 
sample of water of this purity by repeated distil- 
lation under reduced pressure. However, “ con- 
ductivity water,” generally used, has k about 
0-8 xlO"**’. Such water can be obtained in one 
distillation by condensing pure steam (from n 
boiler (jontaining water treated with potassium 
bisulphatc or potassium permanganate and 
alkali) in a tin tube up which a current of 
carbon-dioxidc-froe air is jiassed. Good purifi- 
(^ation can also be cifected by condensing only 
80% of the steam. (Fnr examples of con- 
ductivity stills, .vcc Kraus and Doxtt'r, d. Amcr. 
Chem. Soc. 1922, 44, 246; Bourdillon, J.C.S. 
1913, 103, 791 ; Stuart and Wormwell, ibid. 
1930, 85.) 

Go<jd (‘onductivitv stills may produce water 
of K O lxlO"*^ or ev(‘n less, hut such waiter 
rapidly absorbs carbon dioxide when expos(‘d 
to air, and its conductivity rises to about 0*8 
\ 10“**. This is known as ” equilibrium water ” 
and is commonly used for measurements. 
Water wdth low conductivity can be kept for 
long periods in closed vessels of resistant glass 
wdthout much increase of (jondiictivity. 

The (question of applying a correction to con- 
ductivity measurements to allow’ for the 
residual conductivity of the solvent is intricate, 
as the correction depends on the nature of the 
impurities present and the solute being studied 
{see (\ W. Davies, “ The (’ondu(4ivity of Solu- 
tions,” Chapman and Hall, London, 1929, 
Chap. IV ; Wvnne-dones, J. Physical (h(*m. 
1927, 31, 1647)^ 

Experimental Results. 

The conductivities of a very large number of 
solutions have been determined. The cdassic 
work of Koblrausch still remains the chief bulk 
of reliable data, cx(‘ept for some recent acc urate 
measurements in very dilute solutions. For 
detailed numeri(;al rcjsults, see the l^ndolt- 
Bornstein ” Physikalisch-Chemische Tabellen.” 

Aqueous Solutions. — It is well known that 
conductivity data show that solutes in aqueous 
solutions can be divided roughly into three broad 
classes — non -elec trolytes {e.g., iirc^a, sucrose, 
etc., solutions of which are no more conducting 
than pure w ater), weak electrolytes {e.g., organic- 
acids and bases), and strong electrolytes {e.g., 
inorganic salts of strong apids and bases). 
However, no sharj) distinctions exist, and there 
is a continuous transition from one class to 
another. Figs. 2 («) and 2 {b) show some of 
Kohlrauscth’s results for conc*entrated and 
dilute, solutions of some common electrolytes. 

Although the specAJic conductivity {k) of 
solutions generally increases with increasing 
concentration (since more conducting particles 
are lieing added per unit volume), the increase 
is not proportional to the concentration increase, 
and consequently the equivalent (or the mole- 
cular) conductivity decreases (Fig. 2). The ** 
decrease is ascribed to two factors. Firstly, the 
degree of dissociation of weak electrolytes such 
as acetic; acid and ammonium hydroxide is 
controlled by the Law of Mass Action (v. Vol. II, 
6366; VI, 383a). Thus, a weak electrolyte, 
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AB, dissociating into ions A*^ and B”, obeys the 
mass action expression : 

“a+-®b • (I) 

where a is tlie thermodynamic activity ami K 
the “ dissociation constant.” For very weak 
electrolytes, where the total ion concentration is 
low, activities can be rt'placed by concentrations, 
and the classical Arrhenius theory is applicable. 
According to this theory the degree of dis- 
sociation is supposed to be given by the “ con- 
ductance ratio,” AcIAq where A^ is the equivalent 
conductivity at infinite dilution. Combination 
of this with the mass-action expression (1) leads 
to Ostwald’s Dilution Law for weak electrolytes : 

A;^.cIA^{A^~Ac)^K . . . ( 2 ) 

This holds in practice as the liwiiing law for i 
dilute weak electrolytes. 



COHCENTRATION (Weight % of Solute) 


Between the very weak electrolytes which are 
dissociated only to a slight extent (a=>0*38% for 
N. acetic acid) and the strongest salts, such as 
potassium chloride, which are generally believed 
to be completely dissociated in dilute solutions, 
there is a whole range of salts which, while not 
consisting of covalent structures, are yet not 
wholly free ions. For instance, the conduc- 
tivity curve of very dilute solutions of potassium 
nitrate is very close to that of potassium 
chloride jFig. 2 (6)j, but at moderate concentra- 
tions it IS considerably lower [Fig. 2 (a)]. It is 
possible that such salts exist to some extent as 
“ ion-i3airs ” even in dilute solutions. The same 
association phenomenon probably occurs also 
with even the strongest salts in concentrated 
Holntions. Davies {op. cit.)^ following Onsager 
(Physikal. Z. 1927, 28, 277), deduced approxi- 
mate values for the dissociation constants of 
salts in very dilute solutions by comparing 
theoretical and experirnentaJ values of Ac- 
According t(^> this theory potassium chloride 
appears to be completely dissociated, but 



loiboo Tooo ■feb 1o ^ 

CONCENTRATION (gm. equiuaJents per I. ; log eeaie) 


(a) (6) 

Fias, 2 {a) and 2 (h ). — Equivalent Conductivities of some Concentrated (a) and 
Dilute {h) Aqueous Solutions at 18°c. 

1, HCI; 2, H2SO4; 3, NaOH ; 4, KCI ; .-J, KNO3 ; 6, CH^COOK ; 7, CUSO4 ; 8, CHj-COOH; 

9, NH4OH. 


potassium nitrate in 0*1 N. solution is about 96% 
dissociated (A— 1-4 g.-mol. per litre). Bi- 
bivalent salts such as cupric sulphate are 
probably less dissociated (Cowperthwaite, Trans. 
Faraday Soc. 1933, 29 , 693), but it should be 
understood that numerical values of a are not 
known for certain, and at the present time there 
is no direct method of determining the degree 
of dissociation of salts. (For further details see 
H. Falkenhagen, “ Electrolytes,” trans. by 
R. P. Bell, Oxford, Clarendon Press, 1934.) 

The second factor responsible for the decrease 
of A with increasing concentration is the electro- 
static interaction between the ions. Each ion 
is believed to be statistically closer to ions of 
opposite charge than to other ions of the same 
charge ; the immediate environment of a 


positive ion is an “ ion atmosphere ” which is 
on the whole more negative than positive (and 
vice V(rta). The result is a retardation of the 
ion’s mobility in an electric field, which leads 
to a decrease of A with increase of concentration^ 
This effect, free from dissociation complications, 
is seen in dilute solutions of potassium chloride 
[Fig. 2 (6)]. 

The effect of interionic attraction on con- 
ductivity was treated theoretically by Debye 
and Hiickel (Physikal. Z. 1923, 186, 306, 

334), who obtained an equation of the form ; 

Aq-Ac^IcVc .... (3) 

The same relation had been suggested earlier, 
empirically, by Kohlrausch, and used by him 
for extrapolation puiposes. 
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The mathematical theory has been further 
developed by Onsager (ibid. 1926, 27 , 388), 
Fuoss (Chem. Reviews, 1935, 17 , 27), Bjernim 
(Det. Kgl. Danske Viden., 1926, 7 , [9], 1), 
Kirkwood (J. Chem. Physics, 1934, 2, 767) and 
others. The modern theories are successful in 
accounting for the results for ideal electrolytes 
such as potassium chloride in very dilute solu- 
tions. At present neither dissociation nor ion 
interaction can be treated theoretically for 
concentrated solutions. 

Effect of Temperature and Viscosity. — The 
mobility of ions {see Migeation, Ionic, this 
Vol., p. 92c) depends on the viscous resistance 
of the solvent, and consequently the Aq values 
of solutions in any solvent increase with in- 
crease of temperature, Kohlrausch expressed 
the temperature-dependence of specific con- 
ductivity by an empirical equation of the form : 

Kt aH bt'^) . ... (4) 

For 5% potassium chloride, ko=^455x 10“^, 
a— 274x 10~^, h~-7] x 10~®. Complex changes of 
conductivity with temperature arc observed 
with some solutions, since A is affected by at 
least three factors — viscosity, dielectric con- 
stant, and degree of dissociation (and possibly 
extent of solvation also). A sometimes reaches 
a maximum and then falls at higher temp(‘ra- 
tures. Experimentally it is difficult to separate 
the different factors which are operative, c.j/., 
to change the viscosity of a solution without 
altering its dielectric constant. 

Non-aqueous Solutions. — ^Many measure- 
ments of conductivities in non-aqueous solvents 
have been made, but the results are more com- 
plex and difficult to analyse theoretically than 
those for aqueous solutions. For experimental 
data see P. Walden, “ Elektrochemie nicht- 
wasseriger Losungen,” Leipzig, J. Ambrosius 
Barth, 1924 ; Kraus and Fuoss, J. Amer. Chem. 
8oc. 1933, 56, 21, 476, 1019, 2387 ; Goldschmidt 
et al., Z, physikal. Chem. 1928, A, 132, 267 ; 
Barak and Hartley, ibid. 1933, A, 165, 272; 
Mead, Hughes, and Hartley, J.C.S, 1933, 1207. 

In general, since most liquids have lower 
dielectric constants than water, electrolytes in 
non-aqueous solutions are far weaker (i.c., less 
dissociated) and their conductivities are small. 
In many cases the range of applicability of the 
Onsager equation is in inaccessibly dilute solu- 
tions, and often Aq cannot be determined with 
any accuracy. Solutions of salts in methyl or 
ethyl alcohol behave somewhat similarly to 
aqueous solutions in that A increases con- 
tinuously with dilution (c/. Barak and Hartley, 
I.C.), but solutions in solvents of low dielectric 
constant often exhibit a minimum (c/. Kraus 
and Fuoss, lx.). Attempts have been made to 
explain the results theoretically by consider- 
ing the formation of neutral “ ion-pairs ” 
(A+B“") which are supposed to take no part in 
the conduction, while at high concentrations 
even “ triple ions ” (A"'‘B~A^) may be present 
(Fuoss, Bjerrum, Kirkwood). Other authors, 
however (e.g., Gronwall, La Mer, and Sandved, 
Physikal. Z. 1928, 28, 358) dispense with the 
idea of incomplete dissociation eJtogether. For 
a review of these theories see Falkenhagen, l.c . ; 
IK A, Maclnnes, “ Principles of Elecliro- 
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chemistry,” New York, Reinhold PubL Corp., 
1939, 

Solids and Fu$ed Salts. — ^Most compounds 
in the solid state are non-conducting, but a few 
salts are feeble electrolytic conductors, j^.e. the 
passage of current is accompanied by transport 
of matter according to Faraday’s Laws of 
Electrolysis. In these solids conduction is sup- 
posed to take place by migration of ions through 
” holes ” in the crystal lattice. The current may 
be carried either by the cation alone (e.g.^ Ag"** 
in silver chloride), the ■ anion alone (Cl“ in 
lead chloride), or both ions may move (potassium 
chloride). Another class of solids become 
electronic semi-conductors owing to lattice 
defects caused by a stoicheiometric; excess or 
deficiency of one kind of atom {e.g., oxygen 
deficiency in zinc* oxide). 

The conductivity of solid electrolytib con- 
ductors increases rapidly with rise of tempera- 
ture, and in many cases the molten salt is highly 
conducting. P'or example, k for silver cliloride 
is 0 ()0()3 (ohm~^ cm.“^) at 2.60’, 01 1 at 4.60‘^ 
(solid), 3*76 at 456“ (liquid), and 4*16 at 600“c. 

Biltz (Z. anorg. Chern. 1926, 162, 267) has 
studied the conductivity of a large number of 
chlorides in the liquid state, and has pointed 
out interesting regularities according to the 
position of the elements in the Periodic Table. 
Some chlorides, such as silicon and titanium 
tetrachloride, are purely covalent in struc- 
ture and are perfect insulators ; aluminium 
chloride is feebly ionic (/I - 15x lO”**) ; liquid 
sodium chloride and silver chloride are good 
conductors (A -135*5 and 111*5, respectively) 
(see P. Drossbaeh, ” Elekti'oehemie geschmol- 
zener Salze,” Berlin, J. Springer, 1938). 

JJigb Potentials and High Frequencies. — Ohm’s 
Law is valid for electrolyte solutions under the 
ordinary conditions of measurement (Jones and 
Bollinger, J. Amer. Ohem. Soc. 1931, 53, 1207), 
but at high potentials and high frequencies 
conductivities increase. These effects, although 
small, are of considerable theoretical interest 
(see H. Falkenhagen, op. at.). 

The Wien effect is the increase of conductivity 
observed at potential gradients of the order of 
10^ V. per cm. instead of the usual 1 v. per cm. 
The increase of A is of the order of 5% in fields 
of this strength (Wien et al., Ann. Physik. 1927, 
[iv], 83, 306; 1929, [v], 1, 400; Schiele, ibid. 
1932, [vj, 13, 811). 

The Debye-FcUkenhagen effect is a similar in- 
crease which occurs when conductivities are 
measured at very high frequencies. For 
example, A for cupric sulphate is 10% greater 
when measured in a field alternating with a 
frequency of 10® cycles per second than when 
obtained by the usual Kohlrausch method at 
audio-frequency (10® cycles per sec.) (Sack et a/., 
Physikal. Z. 1928,29, 627; 1929,30,576; 1931, 
31, 346 ; Arnold and WiliLams, J. Amer. Chem. 
Soc. 1936, 58, 2613, 2616). The effect is 
ascribed to the “ time of relaxation ” required for 
the ion atmosphere to adjust itself to the changes 
of polarity, and it appears that the experi- 
mentally observed results are in good agreement 
with the theoretical predictions of Debye and 
Falkenhagen (Physikal. Z. 1928, 29, 121, 401, 
423). 
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Appucation of Conductivity 
Measurements. 

In addition to tlieir importance for the theory 
of el^troiyte Bolutions, conductivity measure- 
ments can be usefully applied to many practical 
pr()blem8, including determination of solubilities 
of Hj)aringly soluble salts ; conductometric titra- 
tions of acids and alkalis, or titrations in which 
a precipitate is formed ; determination of 
constants of dissociation and hydrolysis ; and 
measurement of changes of concentration, for 
instance, in studying the kinetics of a reaction 
in solution. ( V^ndiictivity can also he applied to 
many technical purj)oses ; for example, a simple 
type of conductivity cell introdiict‘d into the out- 
flow pipe of a base-exchange water-softening 
plant has proved very convenient for controlling 
the duration of washing after regeneration by 
brine. Washing is (ontiniied until the con- 
ductivity falls to a particular scale reading 
which has been previously chosen empirically. 
Such conductivity methods can easily be adapted 
to automatic control. 

,1. A. K. 

MOLECULAR DEPRESSION AND 
ELEVATION CONSTANTS. The freez- 
ing-points and boiling-points of a large number 
of solutions have been studied in order to obtain 
information concerning the molecular weights 
of solutes, their states of aggregation, acti\'ity 
coefficients, transition temperatures, etc. 

Freezing-point Depression. — The addition 
of a small amount of solute to any liquid lowers 
the freezing-point of the system, and provided 
that crystals of pur(^ solvent separate first on 
cooling (i.c., eutectic formation is excluded), the 
depression produced is approximately propor- 
tional to the total number of molecules of solute 
present, and independent of their chemical 
nature. The depression of freezing-point pro- 
duced by a solute (‘oncentration of 1 g.-mol. in 
1,000 g. (or, sometimes, 100 g.) of solvent is 
defined as the Molecular Freezing-point De- 
pression Constant (or Cryoscopic Constant) ( /v/), 
and, once known, it is useful for predicting the 
freezing-points at other concentrations or for 
determination of the molecular weight of a 
solute (see Molecular Weights, Determina- 
tion OF, this Vol., p. 209r). If the pure solvent 
freezes at ^c., the lowering prodmted by a solu- 
tion of concentration C g.-mol. per 1,000 g. is 
simply : 

-dL- hyC (1) 

The lowering of freezing-point arises from the 
fact that the partial vapour-pressure of solvent 
in a solution is always less than that of the pure 
solvent at the same temperature. At the 
freezing-point, solid and liquid must oo-exist in 
equilibrium. Hence, at the vapour-pressure 
of the solid is equal to that of pure solvent and 
greater than that of the solution. However, 
owing to the fact that the vapour- pressure of a 
solid always decreases more rapidly with 
decrease of temperature than that of the corre- 
sponding liquid, equilibrium can always be 
achieved between solid and solution at a tem- 
perature lower than f®, viz. at the point where 
the solid and solution vapour-pressure curves 


intersect. The lowering of freezing-point thus 
produced is given by : 

log, (p^/p) . . . (2) 

where the gas constant (1*986 g,-cal. per ®o. 
per g.-mol.) ; 

7’ absolute temperature (1 1-273*1) ; 

Jjf latcrd heat of fusion of solid solvent in 
g.-cal. per g. ; 

vapour-pressure of’ pure solvent ; 

2>>=^partial vapour-pressun* of solution. 

By assuming that Raoiilt's Law is apfdicahle 
and that tlie solution is very dilute (2) can be 
reduced to : 

- Al {jrTiLf).(^' .... (3) 

where C' is the number of g.-mol. of solute per 
g. of solvent. It is morc^ usual to express con- 
centration as g.-mol. per 1,000 g. of solvent (L’), 
and hence, by com]>aring (3) with (1), tins mole- 
<-ular freezing-point dcpn^ssioii constant is 
obtained as HTl],i)0i)Lf. 

In Tabic 1 are given some* experimental values 
of A/, obtained by ext rapolating cryoscopic data 
tf) zero concentration , togcthc'r with calori- 
metric values for Lj. and the corresponding 
computed values of Kf. There is no doubt that 
th(‘ agreement between the two values of Kf is 
within the experimental ciroi’. (It is notable 
that the data of diff’eront observers are 
remarkably discordasit for both Kf and Lf. 
Data (piotcd are <*onsi(lcrc(l probable values.) 


Taiu.e 1. — M()LE(!U1.ar Kreezincj -point De- 

PRESSrON (k)NSTANTS OF SOMK (V)MMON 

Solvents. 


Solvc'ut. 

Freez- 

ing- 

point, 

“c. 

(g.-cal. 
per g.). 

(cal(!ii- 

latcfl). 

K 

(cxp(‘ri- 

ni(‘n0»l). 

Br^ . . . . 

-7*32 

16*19 

8*64 

8*31 

HgO .... 

0*00 

79*67 

1*859 

1*853 

CaClg . . . 

766 

54*6 

39 

38 

H,S04 . 

c.l()*5 

25*98 

6*15 

6*17 

CeH, . . 

H-COOH . . 

r)-45 

29*92 

5130 

5*139 

8 

57*38 

2*73 

2*77 

CH3COOH 

17 

43*66 

3*8 

3*9 

CeH^NO^ . . 

5*67 

22*6 

6*83 

6*89 

o-C 6H4(N02)OH 
Palmitic acid 

44*3 

26*8 

7*47 

7*44 

(C15H31.COOH) 

Camphor 

62*65 

51*05 

4*39 

4*31 

(CiQHjgO) 

178 

10*7 

38 , , 

40*0 


The above simple relationships are valid only 
for extremely dilute solutions of “ normal 
solutes — the so-called “ ideal solutions.” At 
appreciable concentrations real solutions exhibit 
marked deviations. If the solute associates or 
dissociates the freezing-point depression is 
approximately determined by the total number 
of molecular individuals present in the solu- 
tion, and hence the freezing-point has been used 
to estimate the degree of association or dissocia- 
tion. The other cause of non-ideality is the fact 
that concentration is not a true measure of 
thermodynamic activity for any except the most 
dilute solutions. Activity coefficients of non- 
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electrolytes in dilute solutions do not differ 
greatly from unity, but this is far from the case 
with electrolytes. Consequently, freezing-point 
depression curves of 
edectrolyfcos in dissof'iating 
solvents are complex. 

Some data for — J//C 
for a number of aqueous 
solutions are shown in 
Fig. 1. 

Cryoscnpic measure- 
ments are commonly used 
to obtain approximate 
molecular weights and 
activity eoefbcients. Fo>' 
the former purpose, 

Rast’s micro-method, 
which utilises the high 
Kf value of camphor, 
is of special interest. 

Other substances with 
high cryoscopic constants 
have been studied by 
Rirsch (Her. 1985,68 [Bj, 

(>7). Chadwell and Politi 
(.1. Amer. Chem. h)oc. 

1988, 60, 1291) calculated 
activity coetticients of 
urea, urethane, and acet- 
amide in aqueous solution 
from I’reezing-point de- 
])reasions, 

Elevation of Boiling- 
point . — The boiling- 
])oint of any liquid is 
raised by the addition of 
a, less volatile solute, 
owing to the lowering of 
total vapour- pressurt^. 

By assumhig Raoult’s 
Law and ( om billing it with 
the Clausius - (dapeyron 
equation, an expression is 
obtained for the boiling- 
point (dovation whieh is Fkj. 
formally identical with 
that for the freezing-point depression, except 
for the sign, viz. : 

At - (/?7VJ,(K)()Lr) . KiC 

where T is the boiling-point, Ly the latent heat 
t>f vaporisation per g., ami the Molecular 
Boiling-point Elevation Constant (or “ Ebullio- 
scopic Constant ”), defined as the elevation of 
boiling-point of an ideal solution of concentra- 
tion 1 g.-mol. per 1,000 g. of solvent. 

Table II gives data foi- boiling-point, Kb 
(experimental), and Kb (calculated) for some 
common solvents. 

As with A/, values of Kb calculated from 
calorimetric determinations of agree within 
the experimental error with the values of Kb 
obtained by extrapolating ebullioscopic measure- 
ments to infinite dilution. 

Boiling-point elevations of real solutions 
deviate from the simple theory in the same ways 
as mentioned above for freezing-point depres- 
sions, but to a much greater extent, not only 
because of the greater experimental errors 
naually incurred, but also on account of the high 


vapour-pressures involved, which introduce 
deviations from the ideal-gas laws. For these 
reasons, boiling-point measurements are far 


less relia))le and useful than freezing-point 
determinations for studying physico-chemical 
problems. 

Rosanoff and Dunphy (J. Amer. C^hern. Soc. 

Tajji.e 1 1. — MoTiEcrnAR Boiiuno-point Ele- 
vation Constants of some Common 
Solvents. 


Solvent. 

Boilinfz- 

point, 

(«.-cal, 
I>cr g.). 

K, 

(calcu- 

lated). 

Kb 

(experi- 

mental). 

cu . . . . 

~88() 

674 

1 -69 

1-65 

Hg . . . . 

857 

67*8 

11 -6 

11-4 

HgO . . . 

109(1 

530'H 

0-512 

0-521 

CeH« . . . 

80’2 

94-98 

2-61 

2-6 1 

CHCL . . . 

HI -2 

58-4 

3-80 

8-88 

ecu . . . 

76-7 

46-4 

5-24 

5-29 

CSg . . . . 

46-3 

87-7 

2-34 

2-29 

. . 

78-4 

204-0 

1-21 

1-20 

. . 

34-6 

83-9 

2-14 

2-16 

(CH3)2C0 . . 

66-3 

125-28 

1-720 

1-725 



1. — hREEZTN<J- POINT DEPRESSIONS OF SOME AQUEOUS SoLIJTIONS. 
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1914, 86. 1411) showed that Molecular Boiling* 
point Elevation Constants can be calculate 
directly from vapour-pressure data by applying 
the Duhera-Margules equation. This gives : 

A6-p«i»f/l,000(dpO/dT) . . (4) 

The dependence of the vapour-pressure of a 
liquid on temperature (dp^jdT), is generally 
known more accurately than Lt,, and conse- 
quently Ki) calculated from (4) is likely to be 
more reliable than the calorimetric value, or 
even the direct ebuUioscopic value. According 
to Hoyt and Fink (J. Physical. Chem. 1937, 41, 
453) equally good results are obtained from the 
usual expression, provided that gas imper- 
fections are corrected by moans of the Berthelot 
equation. These authors found that the average 
increase of Kb for an increase of atmospheric 
pressure of 1 mm. was 0*25. 

J. A. K. 

MOLECULAR DISTILLATION.* Dur- 
ing the past fifteen years short-path high-vacuum 
distillation has received considerable attention 
from reviewers and bibliographers, but has not I 
found wide application in the laboratory and 
industry. The reason for the laboratory neglect 
is the vagueness of the method ; separations are 
neither (;omplete nor exact unless much compli- 
cated apparatus is assembled, and it is just this 
complexity that the organic chemist distrusts. 
The application to industry has l>een delayed 
pending the development of large, economical 
stills and vacuum pumps. These are now in 
sight and at the time of writing (1944), liquids 
of high molecular weight are being distilled at 
the rate of many millions of pounds annually. 

Of the bibliographies, the most important and 
complete have been issued by the U.8. Regional 
Soybean Industrial Products Laboratory, TTr- 
bana, Illinois,^ whence a fine set of abstracts 
has also come from the pen of Samuel JB. 
Detwilor, jun.^ More than a dozen reviews have 
appeared, the more important being contained 
in the symposium appearing in the Journal of 
the Society of Chemical Industry, 1939,^® in 
Alexander’s “ Colloid Chemistry,” ® and in 
Chemical Reviews,^^ the latter, however, being 
confined chiefly to the work of the present 
author’s laboratory. Parallel with these reviews 
are about a score of papers by Burch,^ Water- 
man,® Fawcett,® and others ^ describing or 
advocating particular methods of high-vacuum 
distillation. The writer’s first statement of 
methods appeared in 1 930 ® and was restated 
in 1932 ® and 1935, greatly amplified in 1937,^® 
and progressively restated in 1940, 1941, 1943, 
and 1944.^^ The present review bears an in- 
evitable similarity to the more recent of these 
articles. 

Inoustkial AprAKATUS. 

The short-path-atiU in its simplest form is a flat 
vessel with a heated floor, cooled ceiling, and a 
“ perfect ” vacuum in between. Molecules 
evaporating from liquid resting on the bottom 
condense on the coiling without obstruction from 

• Communication No. 69 from the Laboratories of 
Distillation Products, Inc,, Rochester 13, New York, 
U.S.A 


piping or molecules of foreign gas. Distillation 
thus occurs at the lowest possible temperature. 

Heavy petroleum residues, glyceride oik, 
and the oil-soluble vitamins typify the distil- 
lands that have controlled the design of short- 
path, high-vacuum stills. The first compre- 
hensive attempt to purify organic substances on 
an industrial scale by short-path distillation was 
made by C. R. Burch^® and collaborators at 
Metropolitan Vickers.^'* The stills were made 
of metal and were evacuated by metal con- 
densation pumps oi)erated with a phlegmatic 
hydrocarbon oil instead of mercury, which 
previously had been in universal use. Two 
important early types of stills were the cascade- 
tray still and the falling-film still. The work- 
ing elements of the cascade-tray still are shown 
in Fig. 1. Here the hot trays a arc mounted on 
a heated central tube u above a collecting gutter 
c for spent distilland. The assembly is housed 



Fig. 1. — Cascade-teay Still of Bukoh akd 
Bancroft. 


within a double-walled vacuum-tight chamber 
which serves as the condenser. An advantage 
of this kind of still was the good mixing of the 
spent surface layer with unexposed underlayers 
of the distilland as it streamed from tray to tray. 
An occasional disadvantage was the relatively 
large quantity of distilland held in the still, with 
consequent long exposure to heat. 

A commercial falling-film still .was developed 
and operated at Distillation Products, Inc., 
Rochester, New York, for over five years. Each 
unit comprised five columns and a degasser, 
situated one above the other on five mezzanine 
floors, the lowest of which, with fifth column 
and control panels for all the columns, is shown 
in Fig. 2. The columns were made of mild- 
steel tubing with a spiral pattern embossed on 
the outside to aid in spreading the distilland. 
They were about 4 ft. high and were covered 
with large Pyrex glass domes, the combination 
standing on a hollow base which was connected 
to a pair of horizontal fractioruUing con- 
densation pumps. The back of one can be seen 
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facing the observer. Over half a million gallons 
of fish-liver oil were passed through this equip- 
ment before the falling-film type of still was 
superseded. 

The falling -film column provides a simple and 
elegant evaporator for a molecular still. 'Phe 
delects of the early patterns were due to the 
properties of oils exposed to a very high tem- 
perature on one side and a cold condenser on the 
other, the combination causnig nearly un- 
controllable surface-tension movements. The 
oil gathers into ridges and becomes detached 
from the column, which in turn becomes over- 
heated and soiled with carbon. An example of 


channelling and subsequent carbonisation is 
shown in Fig. 3. The effects can be minimkied 
by using a heated circulating fluid instead of 
electrical heat, and by repeated redistribution 
of the distilland.^’ There are, however, other 
types of surface evaporators with which the 
distiUand can be brought into complete sub- 
jugation.^^ 

The molecular evaporator receiving chief 
contemporary development is a heated rotor 
which uses centrifugal force to spread the 
distilland and keep it flattened during distil- 
lation. An early laboratory model (1935) of a 
centrifugal high -vacuum still employed an 



Fig. 2. — Industrial Falling-film Still. Glass dome on the 

LEFT COVERS THE FIFTH EVAPORATOR IN A SUCCESSION OF IN- 
DIVIDUAL STILLS. The panels for controlling temperature 

AND PRESSURE ARE SHOWN ON THE RIGHT. 


aluminium plate 6 in. in diameter, spun into a 
cone embracing about 130^ The cone was 
warmed by radiant heat, and the distilland was 
led to the centre by a glass tube and collected 
from the rim by a water-cooled stationary gutter. 
A water-cooled plate or perforated grid was 
mounted as a condenser in front of the rotor, 
and the whole assembly was enclosed in a glass 
dome, illustrated in Fig. 4 with the internal 
condenser removed. A cross-sectional diagram 
is sho^ in Fig. 6 ; small industrial installations 
are pictured in Figs. 6 and 7, the former with 
covers removed. The largest rotary evaporators 
so far constructed accommodate 700-1,000 lb. 
of oil per hour at 260°o. and a residual gas 
pressure of 10“^ mm. 


Industrial Processes. 

The two uses for the molecular still which first 
appealed to industrialists were in the distillation 
of petroleum residues, and of glyceride stand- 
oils.*^ Though neither use has materialised to 
any extent, the experience gained from their 
early exploration has been invaluable in the 
vitamin field, and there is now some prospect 
that the benefit will be reflected back to the 
original objective as the vitamin stills become 
capable of larger, more economical operation. 
Even so, occasional patents in short-path distil- 
lation are issued to petroleum companies ** ; 
and the manufacture of “ Apiezon ” high- 
vacuum oils and greases continues on a 
significant, if miniature, scale. 
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In the “ stand ” or drying-oil field, pioneer 
worh was done by Waterman in Holland and 
lmpt?rial Chemical Industries, lAd.,^^ in Eng- 
land, followed by Morse and his successors at 
Distillation Products, lin*. The process con- 
sists in improving the drying cjualities of an oil 
l)efore or after bodying. Three variants are 
found to be practicable : 

1. The sterols, tocopherols,-^ and other trace 
substances wliich arc valuable separately 
but detrimental to a drying oil are 
“ stripped ” off by passing the oil at 
relatively low temperature through th(‘ 
short-path still. 



Fio. 3. — Faixino-film Still Column, showino 
CHANNELLING AND SUBSEQUENT CARBONISA- 
TION AFTER TWO DAYS’ OPERATION. 

, 2, The lower molccular-wpight, more saturated 
glycerides arc distilled off, leaving a 
residue with improved bodying and dry- 
ing characteristics. 

3. A drying oil is bodied and then passed 
through the molecular still to remove the 
unbodied fraction. There results a 
rapidly drying oil of superior hardness. 

Processes of the above type have been worked 
out in considerable detail for linseed and sardine 
oils, whidi can yield vehicles for paints and 
vaniishes equal to perilla or dehydrated castor 


oil in most respects, except perhaps in resistance 
to alkaline liquids. That such pro(jes8es have 
not yet been commercialised is due to the lack 
of economical stills and the difficulty of securing 
new equipment in war time. 

Oil-soluble Vitamins. — Vitamin--! and now 
vitamiii-j^ have provided the occasion, the 
incentive, and the wheri'withal which has 
covered practically the entire development of 
molecular distillation to dat(* — an investment of 
soiTUi millions of dollars— and at a profit. In 
chronologic'al order may bc' noted the laboratory 
distillation of natural vitamin--! esters 
dire<*tly from fish-liver oils ; the industrial 
distillation of vitamin-- f -alcohol from the 
solvent extract of saponified fish livers and fish- 
liver oil ; and the industrial distillation of 
vitamin--! esters from fish-liver oils.^'^ It is 
th(‘ latter development which employs the stills 



Fig. 4. — Early Centrifugal Plate Still. 
The oil is fed through the glass tube 

TO THE CENTRE OF THE PLATE, W HENCE IT 
TRAVELS OUTWARDS TOWARDS THE STATION- 
ARY, COOLED COLLECTING GUTTER. ThE 
(a)N DENSER HAS BEEN REMOVED TO GIVE A 
BETTER VIEW OX^ THE EVAPORATOR. 

pictured in Figs, (i and 7 and others since 
de.signed. 

The distillation of vitamin-^, freed from fish 
livers by saponification, has a double significance 
in that it was the first successful commercial 
application of the molecular still, and the first 
operation giving nearly jHiro vitamin-A.®^ lii- 
<leed, it was from a distillate of this type that the 
pure crystalline vitamin was eventually 
prepared. 

The process for distilling vitamin-^ esters 
directly from fish-liver oil involves the following 
steps : 

1. Selection and blending of raw fish -liver oils 
to a distilland of approximately constant 
potency. 
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2. Hefining with alkali (Fawcett ®*). 

3. Degassing. 

4. Fractional redistillation on a multi -plate 

still. 

The final distillate has a poteru^y ranging from 
100,000 to 1,000,000 units per gram, with 
200,000-500,000 potencies being most in demand. 


The distillates ait‘ used to fortify margarine and 
other human foods and as a constituent of 
medicinal tablets and capsules. 

Vitarnin-^iJ was distilled from cottonseed 
and soybean oils early in the history of mole- 
cular distillation, and its use was foreseen as a 
pn‘s«‘rvative for fats, such as lard, which are 



less bountiiully supplied with tocopherols by 
nature. However, it was not until vitamin-Av 
was found in high concentration in c(‘rtain waste 
effluents from vegetable-oil refineries that the 
recovery by distillation became <H*onomical. 
When this happened the market price of toco- 
pherols fell j)recipitously from £400 per lb. to 
lt‘HH than £20 and is now considerably lower, 
bringing the cost per milligram into firvourablc 
comparison with vitamins-A, -/i, -(\ and -J). 
The present bar to the general adoption of 
vita min- AJ" as a food supplement is lack of an 
exact appreciation of its services in nutrition.’^** 
The greatly extended use of tocopherols is 
assured })y the discoveries by Moore that 
vitamin -A’ spares vitamin -A in the liver of the 
rat, and the observations, variously by 8teen- 
bock and t^uackenbush,''*^ Sherman and Mac- 
kenzie,^^ and ourselves, that vitamin- A con- 
trols the survival of labile substances in the 
intestinal tract ; and by the r61e the vitamin is 
thought to play in muscle metabolism, oral 
hygiene, etc., ami its demonstrated usefidness 
in preserving packaged food. 

The industrial molecular still has been notice- 
ably less successful with vitamins-/) and 
’ K and the sterols.*’'^ The toehniquo of 
handling very labile substances by distillation 
)vas acquired through long years of experiment- 
ing with vitamin-/) oils, but when a satisfactory 
recovery had been accomplished,^* vitamin-/) 
of the fish-oil typo was commercially produced 
by E. I. Du Pont de Nemours and Company, 
Inc., by Activating sterols of animal origin. 
Vitamin- /iC, available in soybean oil, is present 
in such small concentration that one- quarter to 
one-half gallon must be distilled to provide one 
human day-dose, and, also, the vitamin has 
been made synthetically. 


Large (piantit^^^i sterols are available from 
tlu' j>resent p cholesterol 

from siirdin?- and cpd^iprHbiJs, stigmasierol 
(6%, 90% sitosterols)? frdlfh' soybean oil, and a 
stearine -sitosterol from most other 

vegetable oils. *' 

The Molecular Still in Chemical In- 
dustry. — Throughout industrial organic chem- 



Fio. 6.— Small Indtjstrial Multi-plate 
Centrifugal Still, wiTHji covers and 

, . CONDENSERS REMOVED. 
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iatry there is a steady yearly growth in the mole- 
cular weight of substances handled. Plasticisers, 
resins, and polymers of heavier varieties are 
continually introduced. Most manufacturing 
processes involve the simple reaction A-fB^AB, 
as a final stage. The properties of AB are largely 
modified by traces of A and B, so that it l>ecome8 
desirable to remove them from the finished 
product. The molecular still is able to strip 
A—B from AB, leaving the latter for use as such 
or ready for further treatment by distillation at 
a higher temperature. 

Distillation of Solids. — Devices described 
in the patent literature have not yet reached 
commercial development, except perhaps for an 


ingenious mechanically scraped condenser duo 
to Fawcett.^ ^ 

The Molecular Still in the 
Laboratory. 

The invention of the molecular still has been 
epitomised as “ the application of the con- 
densation pump to the surface evaporator.” 
However, a tool that has exerted an even greater 
influence than the condensation pump is the 
modem rotary oil vacuum-pump which has 
replaced or augmented the water aspirator. 

Very excellent small-scale distillations can be 
done by placing a gram of crude material in a 
modified test tube (Fig. 8) fitted with a short 



Fia. 7. — IN8TA1.LATTON OF LAROER InOOSTRTAL CENTRIFUGAL 

Stills ; used chiefly for the separation of vitamin- A 

ESTER CONCENTRATES FROM FISH-LIVER OIL. 


length of wide-bore rubber pressure-tubing 
which is attached to the rotary oil-pump (the 
well-known “ Hymc,” for instance). If the oil 
in the pump has l^en freshly replaced, the 
pressure in the test tube should fall to 8-1 Oft. 
(lft.=0-001 mm.), below which, in apparatus of 
this size, it is unimportant to go to achieve distil- 
lation at the lowest possible temperature. The 
distillate collects in the upper part of the tube. 
This kind of still in various stages of elaboration 
has been used to purify calciferol, vitamin- A, 
and the sterols. 

Next in order is the true molecular pot-still, 
described at some length in VoL II of the 
Supplement to the Third Edition of this 
Dictionary (1935). Present-day pot-stills are 
generally made in two parts ^ so that the 
condenser can be removed for cleaning; or 
evaporator and condenser are housed under a 
bell jar. Many such stills may be arranged as a 
^manent installation, deriving their vacuum 
&om a common manifold. Various types of 
pot-stills are shown in Fig. 9. 

The distillation of solids does not generally 
efiect useful separations,^^ so that molecular 
distillation is confined chiefly to liquids and ] 


solids dissolved in them. Here the falling-film 
or centrifugal evaporator gives the best separa- 
tions. 

Two standard types of falling-film still have 
come into general adoption. The first uses a 
glass central column, heated by electricity or 
thermostatically controlled fluid, which is 
housed in a glass tubular condenser cooled by a 
water jacket or an air blast. Many such stills 
may be arranged in series, the assembly being 
facilitated by standardised glass joints. Vapour 
pumps and condensation traps are provided for 
each unit, though they, and the preliminary 
degassing bulb, may be manifolded to a single 
large source of fore- vacuum. An elegant design 
of this type was furnished to Schott of Jena by 
Fawcett.® Waterman, earlier, and Detwiler®® 
and others, later, have offered their preferred 
variations. 

The other type of laboratory molecular still 
is the “ cyclic- batch ” still, and we should 
state franldy that it has displaced other kinds 
in our own work. Here the evaporator may be 
a falling-film column or a small centrical 
evaporator connected to iwo reservoirs for 8ie 
distilland. A mechanical or magnetic pump 
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circulates the distilland backwards and for- 
wards over the evaporator from one reservoir to 
the other, throughout the process of distillation. 
In this way one highly specialised unit, complete 
with temperature controls, vacuum gauges, and 
vacuum and circulatory pumps, can serve in 
turn the functions of solvent stripper, degasser, 
and multi-column still. Two varieties of still 
are shown in Figs. 10 and 11, but the reader is 


referred for details to descriptions which have 
been published so many times previously. 

All distillations should provide guiding signs, 
otherwise the operator cannot properly control 
the process. The signs in ordinary distillation 
are the percentage distilled and the boiling- 
point, where temperature and pressure intersect, 
it being assumed that the pressure of distilling 
vapour coincides with that of the residual atmo- 



Fkj. 8. — Modified Test-tube Distii.latiuj^ Atpabatus. 



Fig. 9.— Selection of Glass Pot-stili^s. 
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sphere — 760 mm., 10 mm., etc. — in (X)mmuni- [ Researches with the Molecular Still. — 
cation with the still. In the molecular still Although quantitative distillations are often 
there is, by definition, no atmosphere, and there necessary, or at least desirable, to point the way, 
is no boiling-point, distillation occimring in some the great bulk of molecular distillation is done 
degree whenever there is a difference of tempera- qualitatively in simple apparatus. The purpose, 
tim; between evaporator and condenser. The whether consciously re(!Ognised or not, is to 
significant variable is now thne instead of pres- secure a partial concentration of the substance 
sure — the clock replaces the manometer and the under examination so that means of further 
rate of boiling must be measured at each tern- concentration or reagents hitherto unsuccessful 
perature. This important difference was pointed can be applied profitably. Casing the still in 
out by Burch. ^ this manner, Dam in Denmark and Almquist 

These considerations hav(‘ led to a highly in Americui conducted researches on vitamin 
conventionalised te(‘hni(iue of distillation and other antihaunoiThagic substances, 

in which a fixed time and a fixed 


rise of temperature arc allotted 

for each cycle of the distilland, 

corresponding with each change 

of receiver. F'or instance, 100 

ml. of oil will he pla (-cd in tlu' 

still and degassed by circulating ^ 

for a couple of hours ovci- a 1 ^ 

column heated to SO <\ The |j===J^ 

individual cycle will thtui be n ^2 

adjusted to, say. exactly 10 (grr(i:^| 

minutes, the temperature raiscnl 

to 120'\ and tlie first fraction 

collecte<l. The temperature is then raised to l.‘hf , 

the receiver ehangf'd, and the distilland again 

cycled during exactly 10 minutes. This procedure 

is repeated until all has distilled— say 12 times, 

until the tomijerature leacluvs 240”(’. In these 

eireumstanees it is found that givim constituents 

always occur in maximum relative eoneemtratiou 

at the same tcunperatuns so that they may be 

recognised by the temperatures at which they 

appear. The ])eaks of their elimination curves an* 

an excellent substitute forordinary boiling-points. 

The underlying logic of this technique has 
been explained elsewhere, together with the 
practical details of “ pilot dyes,” “ constant 
yield,’’ and “ residue ” oils neederl to carry 
out the distillation conveniently. It will 
suffice to say here that the method which, inci- 
dentally, has not yet been widely adopted has 
revealed : 

That vitamin-. 1 occurs in fish oils as Cj^, Cgy, 
and Cjj 2 t'sters.®^ 

That vitamin- A occurs in the liver of the rat 
as Cjg ester only.®® 

That vitamins-dj and distil at sub- 

stantially the same temperature, and 
probably have the same number of carbon 
atoms.®® ^ 

That vita min -7> occurs equally in free and J 
esterified conditions ; there is more than ^ 
one free form of vitamin-D in cod-liver uil.®^ 
That vitimin-A occurs in free and boun.l , 
conditions in soybean oil.®® 

That carotene occurs in palm oil in free eon- ^ 
dition and not bound, as formerly sup- 1 
posed.* ^ 

That vitamin- A occurs in the intestines of t 
fish as the ester, and is rapidly hydrolysed 1 
on storage of the dead gut.®® ( 

That kitol, a new provitarain-.d, was dis- < 
covered in whale-liver oil by quantitative ^ 
molecular distillation.®® ( 


CONDENSATION 
OB TBAcriONATION 
PUMB ASSEUBLV 
CAPACITY 10-20 
ClTBtS PER SEC 




KlO. 10. -DlACUiAM SllUWlNO ESSEJ^TIAJ. TAKTS 

oE (4 koijlatin(j Moleciu.ar Sttli.. 


Unpublished data from the Laboratories of Dis- 
tillation Products, Inc. 


Emerson separated y-tocopherol from natural 
sources. Farmer and V^an den Heuvel separa- 
ted docosahexacnoie acid from cod-liver oil, and 
Ernbrce and Shaiitz separated anhydro-vita- 
min-.'l from fish-liver oil, and 'obtained such de- 
rivatives as /.9oanhy(lr()-vitannn-.i4, subvitamin- 
A , etc., and kitol,®® from whale-liver oil. Bomer 
and Hiittig separated the fats of babassu oil. 
Waterman and later the writer separated pure 
jS-earoteno from palm oil, Rawlings ®® analysed 
soybean oil, Kass anti Burr purified linolenic 
acid,®®- Johnston and Bradley fractionated 
dimers of methyl esters of dehydrated castor 
oil,®® and Riemenschneider, Swift, and Sando 
separated the fats of cottonseed oil. The 
constitution of lignin was investigated by 
Bailey,®® who also made contributions to still 
design. Baxtei' and Robeson have used the 
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molecular still t/O derive a number of chemically 
pure substances from marine and vegetable oils. 
These include octadecane and HfiualoiKi from 
shark-liver oil, crystalline vitamin-A- 
vitamin- A palmitate,*^’ vdtarnin-A a<*etate, 
vitamin- A acid-succinate, and anliydro-vitamin- 
A. This followed the preparati(jn of nearly pun': 
crystalline vitamin-A by Holmes and Corbet, 
and of pure crystalline vitamin-A /l-naphthoate 
and anthraquinone carboxylate by Haman(» 
and Mead.’^ Baxter and Kolasson have als<j 
f)repared a- and y-tocophcrols, syntht‘ti<‘ and 
natural, in the crystalliiK' condition, and 
Harris has cstablislual that tiatural a-toco- 


pherol is 50% more jmtent, by the antisterility 
test, than the synthetic* material ; the natural 
jS-coinpound is twi(*e as potent as tlife corre- 
sponding synthetic rac'omic mixture. Work on 
the ,1- ancl K- vitamins by the molecular still 
is by no means complete. 

Karly i*(‘searchos of great importance were* done 
by (-arothers and his collaborators on the forma- 
tion of polynuTS in high vacuum, in wdiich the 
constituents which were reluctant to polymerise 
could escape. His papers have betui collected in 
a nu'uiorial voliimo.'^^ Researches on sugars and 
polypeptides have also been advanced through 
the distillatiorj of their methyl ethers and esters, 



Fig. II. — Cyclic Molecular Still; larcje tutcii tylk 

WITH CENTRtFCGAL EVACORATOK. 


Summary. 

Th(' theoretical field of high-vacuum (.listil- 
lation has been skimmed over lightly and a 
practical and historical point of view has been 
adopted which direcds attention to papers and 
reviews whore theory and working details can 
be obtained. Certain important divseussions of 
the following topics have been omitted : the 
difference between equilibrant and molecular 
distillation calculations of rate of distil- 

lation and effect of interfering gases ; vapour- 
pressure and chemical (^onstitution^^; the theory®^ 
and practice of the elimination-curve te(^h- 
nique ; absolute vapour-pressure measure- 
ments ; and modern high-va<;uum pumps**” 
and gauges, (Titi(*ally necessary for use with 
molecular stills. For this reason the reader 
is referred to the bibliographies and reviews men- j 
tioned in the opening paragraphs and to the | 
following articles.®*’ 
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K. C. D. H. 

MOLECULAR REARRANGEMENTS 

include isomeric changes {v. Isomerism, Vol. Vll, 
()7a) and also reactions involving the structural 
or stereochemical rearrangements characteristic 
of isomeric change accompanied by decom- 
position, such as dehydration, or other further 
reaction. Certain particular isomeric changes 
are treated under separate titles, e.gr., stereo- 
chemistry and tautomerism. 

( Classification. 

Molecular rearrangements have been classified 
in various ways but there is no comprehensive 
scheme and different relationships are em- 
phasised by ditferent authorities. Classification 
can be based on the structural changes involved, 
e.g.f migrations of atoms or groups from carbon 
to carbon, or from nitrogen to carbon, or from 
side-chains in aromatic compounds into the 
nucleus. This classification is often convenient 
but it should be noted that in many cases the 
transfer of a radical from, e.g., nitrogen to carbon 
is accompanied by the converse transfer of 
another atom or group, commonly hydrogen. 
In some cases theoretical significance can be 
given to this classification by using it to draw 
attention to the nature of the bonds broken and 
formed in the reactions. 

Lapworth (J.O.S. 1898, 78, 445) drew attention 
to the frequent occurrence of “ ay-change&'^ in 
systems of the type 

R:R'*R^''Y Y^R*R':R" * 
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and also a less common class of “ aj8-changes ” 
such as 

R.R'.Y Y R R' 

The nature of the migraiimj group may also 
be considered, e.y., cationotropic changes involve 
the transfer of cations, prototropic reactions 
transfer of protons, anionotropic of anions. 

Rearrangements have also been considered 
according to mechanism, where it can be estab- 
lished. Intermolci'ular rearrangements involve 
separation of twc> parts of the molecule and their 
recombination in another structure. In an 
intramolecular rearrangement the parts do not 
separate sufficiently to have a free existence. 

Many rearrangements have been brought to- 
gether in the general schemes of the electronic 
theories or of reaction kinetics {see Robinson, 
Institute of Chemistry Lecture, 1932 ; Whit- 
more, J. Amer. Chem. Qo<?. 1932, 54, 3274; 
Ingold, Chem. Soc. Annual Rep. 1927-1929, 
for general discussions and earlier references). 

In what follows, examples are grouped accord- 
ing to the type of structure involved in the 
rearrangement. The conditions and mechanisms 
of reactions, together with comparisons and 
relationships are emphasised where they seem 
most significant. Selected references to the 
literature are given. More detailed discussions 
and lists of references are to be found in Chem. 
Soc. Annual Rep. 1923, 20, 115; 1924, 21, 96; 
1925, 22, 113; 1927, 24, 154; 1928, 26, 133; 
1929, 26, 122; 1930, 27, 114; 1933, 80, 176 ;j 
1939, 36, 191 ; C. W. Porter, “ Molecular Re- ' 
arrangements,” New York, Chemical Catalog 
Co. 1928; H. Gilman, “ Organic Chemistry,” 1, 
720 (chapter by Wallis), New York, J. Wiley 
and Sons Inc. 1938 ; L. P. Hammett, “ Physical 
Organic Chemistry,” New York, McGraw-Hill 
Book Co. 1940 ; H. B. Watson, “ Modem 
Theories of Organic Chemistry,” London, Ox- 
ford University Press, 1941. 

A. CARBON TO CARBON MIGRATIONS. 

The stability ascribed to saturated hydro- 
carbons has been exaggerated in many ways 
including their susceptibility to rearrangement. 
Aschan (Annalen, 1902, 324, 10, 33) observed 
that cyclohexane gave methylcycZopentane when 
.heated at 100° with aluminium chloride or at 
300° alone, but it is only since about 1925 that 
it has been shown that hydrocarbons of all 
types readily undergo a variety of reactions, 
including rearrangement, in contact with 
aluminium chloride and also by pyrolysis (G. 
Egloff, “ Reactions of Pure Hydrocarbons,” 
New York, Reinhold Pub. Corp. 1937 ; Egloff, 
HuUa, Van ArsdeU, Chemical Reviews, 1937, 20, 
346; Wilson, ibid. 21, 129; Nightingale, ibid. 
1939, 25, 329). 

The principles governing these rearrangements 
have not yet been clearly established and funda- 
mental decomposition and resynthesis of carbon 
structures often takes place. On the other hand' 
a vast amount of information is available the 
general nature of which can be illustrated briefly. 

The purity, method of preparation, and 
physical condition of the aluminium chloride 
has a profound effect on the ease and nature of 
the ructions, as has the presence of other sub^ 


stances, particularly hydrogen chloride which 
appears to be essential for some of the reactions 
although it may be produced by the interaction 
of the aluminium chloride and the hydrocarbon. 
Hydrated aluminium chloride is inactite. 

The reactions induced in addition to isomeri-* 
sation may involve dissociation, dehydrogena- 
tion, hydrogenation, polymerisation, alkylation, 
and aromatisation. Generally with low con- 
centrations of aluminium chloride and mild 
conditions isomerisation is more prominent than 
with higher concentrations and more vigorous 
conditions. The conversion of normal saturated 
hydrocarbons to branched- chain isomers is 
characteristic and has a special importance in 
view of the higher octane values of the latter. 
»-Hexano and ?i-otdane with 5-10% of alumi- 
nium chloride at 20-90° in 1-24 hours give con- 
siderable proportions (up to 40-50%) of isomeric 
hexanes and octanes respectively. Aliphatic 
side-chains in aromatic compounds migrate 
from molecule to molecule and to different 
positions in the same molecule. A typical re- 
arrangement is the conversion of o- and p- 
xylenes to the m-isomer, analogous to the 
formation of the ItS-isomer from 1:2- and 1:4- 
dimethylcyciohexane. Nuclear breakdown of 
aromatic structures occurs in some cases. In 
aromatic derivatives, especially those of phenols, 
the migrations have been more fully studied, the 
principles further elucidated, and methods for 
the preparation of individual compounds 
developed (Nightingale, lx. ; Baddeley, J.C.S. 
1943, 273, 525, 527 ; cf. Fries rearrangement and 
rearrangements of ethers, p. 182o, b). 

Unsaturated hydrocarboris with aluminium 
chloride mainly midergo reactions other than 
isomerisation, particularly polymerisation, but a 
variety of isomerisations occur on heating alone 
or with acids or other mild reagents or with sur- 
face catalysts. The movement of ethylene 
bonds, especially to tertiary positions or to 
conjugated arrangements, is well known. For 
example, 3 -methyl-l- butene gives trimethyl - 
ethylene on heating (Ipatiew, Ber. 1903, 86, 
2004) and this rearrangement takes place in the 
dehydration of i^oamyl alcohol over hot 
alumina. Similarly l:4-pentadiene gives the 
conjugated l:3-i8omer. Numerous examples 
are found in the terpene and other alicyclic series 
{see B. T. Brooks, ” The Non-benzenoid Hydro- 
carbons,” New York, Chemical Catalog Co. 
1922; H. Gilman, op. cit., and works on the 
terpenes, e.g., J. L. Simonsen, “ The Terpenes,” 
Cambridge, 1931-1932).' 

The movement of double bonds has been much 
more thoroughly studied in unsaturated deriva- 
tives than in the hydrocarbons themselves. The 
equilibrium between and jffy-unsaturated 
carbonyl and carboxy derivatives is established 
rapidly in alkaline solution (I). The equilibrium, 
and the speed with which it is attained, are pro- 
foundly influenced by substitution (»,c., the 
nature of the groups R) and by the incorporation 
of the reacting atoms in a ring system (Kon, 
Linstead, and collaborators, J.C.S. 1926-1932 ; 
Chem. Soc. Annual Reports 1927 and 1932). 
The alkali removes a proton from either isomer 
forming the common ion of the sodio-derivative 
which is stabilised by resonance (II). The 
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addition of proton to the a* o;r y- position in this 
ion forma the two isomers and in this way the 
reversible prototropic change is (r/. 

tautomeriam). 

CHRg CR.CR CO ^ CR2:CR CHR C0 I. 

CRg CR:CR CO CRotCR CR CO 11. 

The correspojiding anionotiopic changes, 
wliich are useful in synthesis and also theo- 
retically intere-stitig, most, commonly occair in 

' allyloid systems,” %C:C*C-Y in which Y is 
readily removed with both its bonding electrons 
(Allan, Oxford, Robinson, and Smith, J.C.S. 
1926,404; Whitmore, /.r.). The reaiTangement 

CR2(0H) CH:CH2 V CR2:CH CH2 0H 

takes place either directly under the influence 
(jf acid or through esters or halides. The con- 
version of tertiary to ])rimary alcohol pre- 
dominat(‘s and this is one of the most useful 
reactions of this type for synthesis, e.g., the 
penultimate stagt^ of the synthesis of phytol : 

Me-[CHMeCH2CH2CH2]jCMe(OAc)CH:CH2 

-> Me'tCHMeCH2CH2CH2]3CMe:CHCH20Ac 

The conversion of butadiem^ l:2-dibromide into 
the J;4-di bromide in presence of hydrogen 
bromide has an important significance in th(‘ 
study of l:4-addition (Gillet, Bull. Soc. chirn. 
Belg. 1922, 31, 866; Farmer and Scott, d.C.S. 
1929, 172), 

CHaBrCHBrCHiCHg 
-> CH2BrCH;CHCH2Br 

The interconversion of a-phcfjylallyl and 
einnamyl alcohols and their derivatives has been 
very fully investigated and discussed by Burton 
and Ingold {ibid. 1928, 904, 1650; 1929, 455). 
These rearrangements are of the general form : 

RCHXCHiCHg ^ RCH.CHCHaX 

where R~a hydrocarbon radical, generally 
phenyl or substituted [»henyl; 
X--~OH or an ester or halogen group. 

The ease with which X separates as an anion 
will depend (1) on the ionic stability of X' as 
indicated, for example, by the strength of the 
acid HX ; (2) on the stability of the carbonium 
ion, which is most commonly raised by resonance 
involving the group R ; and (8) on the presence 
of cations in the reaction mixture or on the 
dielectric constant of the solvent, a- Phenylallyl 
and einnamyl alcohols can be isolated and 
esterified without change of structure. The 
esters (c.j 7 ., acetate andyj-iiitrobenzoatc) undergo 
interconversion in non-hydroxylic solvents, as 
do the alcohols in presence of strong acids, the 
einnamyl being the more stable and pre- 
dominant isomer. The bromides arc so mobile 
that only the einnamyl can be isolated. This 
secpience of mobility clearly follows factor (1) 
above. 

Comparisons of the influence of substituents 
in systems of the type R‘CHX*CH:CHR' 
showed that in facilitating the conversion and 
displacing the equilibrium the effectiveness of 
groups diminishes in the sequencje ^)-CJC 8 H 4 -, j 


7 >-MeC 6 H 4 -, CgHj*, Me*, H*, in accordance with 
(2) above. Burton and Ingold also confirmed 
th<nr generalisation (3) by showing that the ease 
of the a-phenylallyl-cinnamyl conversion in 
different solvents diminished in the sequence 
henzonitrilc. acetic anhydride, chlorobenzene, 
/;- xylene (dielectric constants 26, 21, 6, 2 respec- 
tively) and similar reactions have also been 
found to take place most readily in ionising 
.solvents. Tlu* conversion of a-phenylallyl p- 
niirohenzoate in pre.S(‘nec of tetramethyl- 
ammonium ac tuate gave a considerable amount 
of einnamyl acetate, showing that the ehang(^ is 
not intramolecular but involves the anions in 
solution (r/. Meisenheimer and Beutter, Annalen, 
1934, 608, 58). 

Cyelisation of polyenes and of aromatic com- 
povnds with unsaturated side-chains is usually 
brought about by the action of acids or 
aluminium chloride, and constitutes an im- 
portant tyj[)e of isomeric; change. An unusual 
type of rev^ersihle cyelisation is closely reflated 
to the anionotropie changes just (liseuss(;d : 

CH. 2 X CHg 

I .CH:CMe, hcHCMej-OH 

(til. (i)kaii H 

X--CI or Br 

(Bruylants and Dewael, Bull. Acad. roy. Belg. 
1928, [vj, 14, 140). The great numbers of more 
typical cyclisations {rf. L. F. Eiescr, “ The 
(Chemistry of Natural Products Related to 
Phenanthrenc,'’ New \'ork, Keinhold Pub. 
Corp. 1937) can be illustrated by one example 
involving a polyene structure with acid and 
another involving an aromatic compound with 
aluminium chloride. In both eases six mem- 
hered rings are formed but the formation of five 
membered rings is also fairly common. 

CMea 

CH CHCH:CH*COMe 

I li 

CHa CMe 

CH 2 

(/r-iononc. 

CMeg 

<5H2 ^•CH;CH COMe 

arad I II 

CHj CMe 

j8-iononc. 

(a-lorionc^ also formed.) 



The mechanism of the cyelisation of polyenes 
by acid is considered to bo related to other 
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reactions of ethylenic compounds. When an 
ethylenio bond reacts with a strong acid, a proton 
first adds to one of the carbon atoms forming a 
positive (carbonium) ion similar to those formed 
by the removal of a negative ion from a halide 
or alcohol as in the anionotropic changes dis- 
cussed above. This ion can ( I ) take up a nega- 
tive ion, a.g., complete the addition of the acid, 
(2) take up a hydroxylic solvent and Jose ju’oton 


from it giving, for example, hydration, (3) lose 
proton from a different part of the molecule 
forming an isomeric ethylenic compound as in 
the movement of double bonds considered 
above, (4) combine with another unsaturated 
centre and if this is in another part of the same 
molecule, by subsequent loss of another proton 
complete the cyclisation, or if it is in another 
similar molecule give polymerisation : 


CHg CH:CH- -f H + 

1 


•CH2CH(0S020H)CH2 

•CHg CH CHg* 

HgO 

•CH2CH(0H)CH2- I H + 


-f ethylenic | 
cpd. 1 


•CH:CH CH2 -b H + 

CHa-CHCHa* 


•CHgCHCH* 

^ 1 

(4) 


CHa-CHCHa* 

+ H + 


•CHgCHiC* 



Wagner- Meerwein rearrangements occur 
with monohydric alcohols and their dc'rivatives. 
They are initiated in circumstances similar to 
many of the above reactions but involve the 
breaking of single bonds between carbon atoms 
leading to dilTerent arrangements of carbon 
skeletons in ring systems or open chains. A 
number of typical examples are found in the 
terpene series, e.g., the conversion of eamphene 
hydrochloride to i^obornyl chloride wdiicli has 
been carefully studied. The carbonium ion, 
mechanism (Meerwein and Wortmann, Annalen, 
1924, 435 , 190; cf. Meerwein and Van Ernst er. 
Ber. 1922, 55 [B], 2500 ; Whitmore, lx.) is : 



CH, 



f- 

\ , 



c- 


Me 

Me 


Me 
— Me 
Me 
Cl 


Me 


+ cr 


Me 

Me 


Me 

CMeJ 


i.e.. 


This reaction is practically instantaneous in 
cresol and in sulphur dioxide, in which tri- 
phenylmethyl chloride is extensively ionised. 
It is generally accelerated by solvents and re- 
agents and in derivatives wWch favour ionisa- 
tion, e.g., in chlorobenzene it is accelerated by 
halides which have an affinity for chlorine ions 
such as stannic chloride, in nitrobenzene by 
hydrogen chloride but not markedly so by 
lithium chloride, and the rearrangement of 
analogous eamphene derivatives gives the se- 
Von. VIII.— 12 


quence of diminishing rates as bromide, chloro- 
cymolsuJphonate, chloride, chloroacetate (Ham- 
mett, oj). cit., p. 319). These rearrangements 
may involve dehydration (borneol to eamphene) 
and are reversible. 

The first of the two carbonium ions repre- 
sented above can undergo an alternative 
Wagner-Meerwein change by the migration of 
a methyl group to give an ion identical in 
striKdurc but not in stereochemical configura- 
tion to itself, and this will also give wobornyl 
chloride by ring change and addition of halide 
ion : 



Me 



Cl' 


Me 

CHz 

i_, iMe 

Cl 


Nametkin and collaborators (Annalen, 1927, 
459 , 144; cf. J. pr. Chem. 1932, [ii], 135 , 155) 
showed that a-methylcamphene gives 4-methyI- 
i«oborneol, and not the G-isomer, clearly by 
an analogous series of rearrangements : 



Me 


Me 

I- Me 


CH*| 


Me Me 
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Houben and Pfankuch (Annalen, 1931, 489, 193) 
have pointed out that the stereochemical 
changes in the camphene-i«obomyl chloride and 
similar rearrangements are accounted for by a 
similar mechanism, so that the more complex 
mechanism also applies in these cases (Chem. 
Soc. Annual Rep. 1932, 29, 147). 

Wagner-Meerwein changes have also been 
investigated in less complex molecules such as 
neopeiityl derivatives (Freund and Lenze, Ber. 
1891, 24, 2150; Whitmore and Fleming, J.C.S. 
1934, 1269). These may be summarised as 
follows : 

H2SO. 

CMes-CHg OH 1 CMe^rCHMe 



CMegBr CHjMe CHjrCMe CHaMe 

Ag(OAc) 

CMej CHgl 1 CMe2(OAc) CH2Me 

HNO2 

CMeg CHg NHj CMe2(OH) CHaMe 

In all these cases the reagents are such as would 
tend to the removal of —OH, halogen, or 
— NHg leaving a positive carbonium ion. 

Thus the evidence for the formation of free 
carbonium ions is stronger in these various 
examples of the Wagner-Meerwein changes than 
in most other cases but the rearrangement of 
C-C linkages is clearly intramolecular and most 
probably arises from the resonance possibilities 
in the ion, as suggested by Ingold (Chem. Soc. 
Annual Rep. 1939^, 86, 197). Canonical states 
are 


Me Me Me Me 



Me Me 


or together 


Me Me 



This explanation is applicable to many different 
migrations of hydrocarbon groups whether the 
free carbonium ion is formed or not. In the 
main it is the quantum theory equivalent of 
Robinson’s partial valency system (Mem. 
Manchester Phil. Soc. 1920, 64, 7) and its first 
electronic equivalent, 

QlycoU and related compounds undergo re- 
actions which are very similar to Wagner- 
Meerwein changes. They may be classified in 
terms of examples as follows : 

PInacol-pInacolone, — 
CMe,(OH)CMe,OH CMe.COMe 

Hydrobenzoin. — 

CHPh(OH)CHPhOH CHPhjCHO 


Semipinacol and Semihydrobenzoln. — 

x, ^..^CEtjPh CHO 

T (Semlhydro- 

benzoin) 

CEt,(OH) CHPh OH <; I Cone. 

o >v ^ 

CHEtPh COEt 

(Semipinacol) 


Aminoalcohol Decomposition. — 
CPh2(OH)CHMeNH2 

HNO, 

^ PhCOCHMePh 

lodohydrin Decomposition. — 

Heat or 

CMe 2 (OH) CMegl Me CO CMe- 

^ Ag salts * 

Ethylene Oxide Rearrangement. — 


Heat 

IMe CHPhjCOMe 


These reactions have been very fully investi- 
gated and discussed over a long period (Chem. 
Soc. Annual Rep. 1924, 21, 96; 1925, 22, 116; 
1928, 25, 124; 1930, 27, 114; 1933, 80, 181 ; 
1939, 86, 196. E. S. Wallis, op, cit^ gives a 
particularly fuU discussion and various aspects 
are considered in the works referred to above). 
The conditions and mechanisms are exactly 
parallel to those indicated for the Wagner- 
Meerwein changes above but more complex 
considerations govern the migrations about 
which much information is available. The 
generalisations cover most of this but are still 
not fuUy comprehensive. 

The starting materials can all be expressed by 
the general formula 

CRR'X CR"R"'Y 

where R is a hydrocarbon group or hydrogen and 
X and Y electronegative elements or in the 
oxides a dix alent oxygen. The primary factor 
in determining which group shall migrate is the 
tendency of X or Y to separate as a negative ion. 
In the halogenohydrin and aminoalcohol re- 
actions the halogen or amino-group is removed 
with the bonding electrons and a group from the 
other central carbon atom migrates to take its 
place. Where X and Y are both O H the effect 
of the groups R in facilitating the loss of 
hydroxyl ion dominates the reaction and the 
order in which pairs of groups R act in this way 
is, for example, alkyl, alkyl>phenyly H ; or a- 
naphthyl, H> benzyl, benzyl; or alkyl, benzyl 
> methyl, H. A similar sequence applies to 
the opening of the ethylene oxide ring and this 
generally determines the product in that isomeri- 
sation. 

In the generalised system 

CRR'(OH)CRR'(OH) 

the molecule is symmetrical and neither of the 
two factors so far considered will determine the 
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product obtained, but a sequence has been 
evolved for the “ migratory aptitudes ” of groups 
which may be approximated to : p-ani8yl>p- 
tolyl, p-diphenyl > a-naphthyl > p-wopropyl- 
phenyl>p-ethylphenyl, p-fluorophenyl, phenyl 
>p-iodophenyI>p-chlorophenyl, w-tolyl, w- 
anisyl>m-chlorophenyl. In general, high elec- 
tron availability at the point of attachment to 
the glycol carbon facilitates migration, in accord 
with the transfer of the group to a positive 
carbon, but there are individual exceptions. 

Stereochemical observations have thrown 
light on the detail of these arrangements. For 
example, when cw- and <mn«-]:2-dimethylcycZo- 
pentane-l:2-diols are refluxed with 30% sul- 
phuric acid, the cw-form undergoes the pinacol- 
pinacolone change to2:2-dimethylcycZopentanone 
(87% yield) but the fmn^-isomer gives tar 
(Bartlett and Fockel, J. Amer. Chem. Soc. 1937, 
69, 820; Bartlett and Bayley, ibid. 1938, 60, 
2416). These results indicate an inversion re- 
action and this suggests that rearrangement 
accompanies ionisation rather than taking place 
in the free positive ion. The addition of proton 
to the glycol gives a positive ion which can be 
represented by the following canonical states : 


Me Me Me Me 



Me Me 



O H-OHa 


The solvent has an important influence on the 
completion of the reaction and should be in- 


cluded in a fuller consideration of the reaction 
mechanism. 

In a number of other cases incomplete racemi- 
sation during rearrangement supports a mech- 
anism of the above type rather than prior 
ionisation. Similarly since Roger and Mackenzie 
(Ber. 1929, 62 [BJ, 272) showed that VI is 
converted into Vlll without complete racemi- 
sation, it has been clear that the inactive 
aldehyde VII is not the main intermediate as 
had been suggested, although aldehydes of the 
type VII can also be converted to ketones of the 
type VIII by acids. 

CHPh(OH)CBZaOH 
/ VI. \ 

CHOCPhBzj — V CHPhBzCOBz 

Vll. VIII. 

The following example indicates that with 
suitable structures aS-migrations of the pinacol 
type can take place (Kleinfeller and Eckert, 
ibid. 1929, 62 [B], 1698; c/. E. R. H. Jones, 
Chem. Soc. Annual Rep. 1944, 41 , 169, 175) : 

PhCOCPh(OH)C:CCPh(OH)COPh 

Ale 

PhCO CPh. CiC CO COPh 

HCI ^ 

The Benzilic Acid change differs from the 
other carbon to carbon migrations considered 
above in that it is carried out in alkaline solution, 
and indeed the reaction takes place through the 
negative ion formed by the addition of hydroxyl 
ion to benzil. Robinson’s mechanism (Chem. 
Soc. Annual Rep. 1923, 20, 118) (IX) translates 
directly into resonance terras (canonical states 
X and XI). It is not clear that the hydrogen 






o 

6 6 


O OH 

II + 

0=r=C— C— Ph K 

O C C Ph 

+ 

K 

II 1 

o— C— C—Ph 

J 



1 

Ph 

>h 


Ph _ 


IX. 



- I '• 

o— c C— Ph 

Ph 

X. 

migrates from one oxygen to another in the 
same process as the phenyl moves from carbon 
to carbon but this is not improbable. The 
resemblance to the mechanisms of the Wagner- 
Meerwein and pinacol rearrangements is clear, 
but in this case the presence of the negatively 
charged oxygeri is to be regarded as the main 
driving force leading to the transfer of phenyl 



XL 


to the adjacent electron-accepting carbonyl 
carbon. 

Many of the preparative and synthetic uses 
of these changes of the Wagner-Meerwein, 
pinacol, and benzilic acid types are obvious from 
this outline. Their application to alicyclic com- 
pounds leads to a variety of changes in ring 
structure, which have been indicated for the first 
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type and which can be applied for the enlarge- 
ment and diminution of rings, e.g.. 


Rosanov, J.C.S. 1915, 108, 657. 

O ' A«N03 I 

OH I 

Tiffeneau, Compt. rend. 1914, 159, 771. 


L/r|\Me \ 

OH OH 

Meerwein, Annalen, 1910, 376, 152. 
Br 

0=0 — 

\ / / 

Br 

WaUach, J.C.S. 1916, 110, 487. 


OH 

COOK 


B. MIGRATIONS FROM CARBON TO NI- 
TROGEN, NITROGEN TO CARBON, 
OXYGEN TO CARBON, ETC. 

Four types of rearrangement under this 
general heading are fairly closely related to the 
Wagner-Meerwcin changes and to one another. 
This is indicated in the following scheme : 

Hofmann Degradation of Amides (Hof- 
mann, Ber. 1882, 15, 407 ; Watson, Chem. Soc. 
Annual Rep. 1939, 86, 193, and op. cit .). — 


R— C=0 

1 Br, 

30 

1 

— o 

11 

o 

NHg 

NHBr 

R— C==0 

R_C— O 

1 1 

1 II 

U N|— Br|~> 


c-o 

Na 2 C 03 


II + Br' -f- 

R— N R— NHg 

Curtius Decomposition of Azides (Curtius, 
Ber. 1894, 27, 778).— 

R— C=rO C=-0 

II ^ . II + N, 


Lessen Decomposition of Hydroxamic 
Acids (Lessen, Annalen, 1869, 150, 314; 1894, 
281, 169).— 


R— C-O 
ill H— OH 


K. R— C— O 

NaOH I II 

— Llg™ 

c=o 

II + OH' 

R— N 


The formula given for the negative hydroxamic 
ion is not the normal one, but emphasises the 
relationship to the other rearrangements and is 
one canonical state of a probable intermediate. 

Beckmann Rearrangement of Oximes 
(Beckmann, Ber. 1886, 19, 988 ; Blatt, Chemical 
Reviews, 1933, 12, 215 ; B. Jones, ibid. 1944, 85, 
335 ; Nature, 1946, 157, 519). — 

r'_C_OH R'— C-O 

II -> I 

R>_N R— NH 

The first three reactions occur in alkaline 
solution, but in some cases it has been shown 
that the rate is only slightly dependent on the 
con (centra t ion of alkali (Van I)am and Arberson, 
Rec. trav. ehim. 1900, 19, 318). The Beckmann 
rearrangement is canied out in acids or in 
neutral ionising media. All these reactions can 
be generalised as 

R— C==Z R— C— R 

Lx f-^ h 

Hofmann. Beckmann. 

Lossen. 

(Xirtius. 

The reactions are facibtated by high stability 
of Y as a negative ion (e.gr., in the scries 
(Br, •O CO-CgH 4 A) and by electron repulsive 
effects in R (e.g., in various groups -CgH^A) 
and in X (Hauser and Renfrow, J. Amer. Chem. 
Soc. 1937, 59, 121 ; Bright and Hauser, ibid. 
1939, 61, 618), in accordance with the view that 
separation of Y with its bonding electrons and 
the subsefiuent or simultaneous transfer of R 
with its bonding electrons are the key factors in 
the mechanism of these reactions (c/. Wagner- 
Meerwein and pinacol transformations). It is 
clear that the migration of R is intramolecular. 
The best evidence is stereochemical (E. S. 
Wallis et al., ibid. 1926-1933). Racemisation 
does not occur in the rearrangement of deriva- 
tives of benzylmethylacetic acid 

(R^PhCHgCHMe) 

and the rotations of the amines or ureas obtained 
from amide, azide, or hydroxamate are identical. 
Only one isocyanate is obtained when benzyl- 
methylacetazide is degraded in presence of tri- 
phenylmcthyl radicals, indicating that R does 
not separate as a free radical. In d-3;5-dinitro- 
6-a-naphthylbenzamide optical activity arises 
from restricted rotation in the bond joining the 
benzene and naphthalene nuclei and this 
activity is completely preserved during the 
Hofmann degradation, whereas dissociation at 
any stage would have permitted free rotation 
and racemisation. 

The Beckmann rearrangement of oximes 
requires further discussion. It was first carried 
out by the action of phosphorus pentachloride 
and subsequently was foun(i to be caused also 
by phosphorus pentoxide, concentrated sul- 
phuric acid, hydrogen chloride, and also by 
converting the oximes to esters (;N*OX), 
especially those of strong acids. The isomeri- 
sation takes place either during the ester for- 
mation or on heating the esters alone or in a 


R-_C— R' 

U N — OH) 
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solvent. Kotoximes generally undergo the 
Beckmann rearrangement smoothly ; some 
aldoximes and their N -ethers also do so. 

This rearrangement has been much used for 
the establishment of the stereotihemical con- 
figuration of the isomeric oximes, as suggested 
by Hantsch and Werner (Ber. 1890, 23, 11; 
1891, 24, 13, 51). The two stereoisomers of 
most of the ketoximes gave different single 
amides and for a long time it was considered 
that the OH (dianged places with the adjacent 
group R. Meisenheimer (tVnd. 1921, 64, 3206 ; 
Annalon, 1925, 446, 205) showed from other 
evidence that it is the opposite group R' which 
migrates, as represented on p. 180r and this 
evidence has been supplemented by other 
workers (Chem. Soc. Annual Rep. 1925, 22, 
105; 1926, 28, 126). 

The mechanism of the Beckmann rearrange- 
ment has been the subject of a long sequence 
of investigations. The ac^tion of phosphorus 
pentachloride and hydrogen chloride led to the 
suggestion that with these reagents the chloro- 
imino derivative (CRgtNCl) is an intermediate, 
but Stieglitz and Peterson showed that such 
derivatives are not labile in this way (Ber. 1910, 
43, 782; cf. Amer. Chem. J. 1911, 46, 325). 
This remains a surprising observation in relation 
to further w'ork. M. Kuhara (“ On the Be(;k- 
mann Rearrangement,” Imperial University of 
Tokio, 1926) showed that the speed of re- 
arrangement of benzophenono oxime was in- 
fluenced by acid chlorides in the order 

PhS02CI>CH2CIC0CI>CH3C0CI. 

He isolated the benzenesulphonyl ester and 
showed that at its m.p., 62*^, the pure ester 
rearranges to a sulphonyl derivative which 
gives benzanilide on hydrolysis, whereas the 
acetate or free oxime requires an acid catalyst 
to cause the conversion (cf. Kuhara, Agatsuma 
and Araki, Mem. Coll. Sci. Kyoto, 1917, 3, 1). 

Chapman and his collaborators (J.C.S. 1933- 
1936) showed that oxime picrates also undergo 
rearrangement by heating alone, whereas the 
2:4-dmitrophenate8 do not. This suggests a 
rather sharp threshold strength of acid for the 
conversion of the corresponding ester. The 
rearrangement of the picrate is accelerated in 
solvents of high dielectric constant, e.ff., it is 
35 times as fast in ethylene dichloride as in 
benzene, and the addition of polar solvents to 
solutions in carbon tetrachloride gives rates in 
the order of the dielectric constants, viz. 
hexane < chlorobenzene <ethylene dichloride < 
acetone <nitrobenzene< acetonitrile. In non- 
polar solvents the order of the reaction is greater 
than unity, since the polar character of the 
oxime picrate and the products has a catalytic 
effect. 

The trend of all this evidence suggests a 
mechanism analogous to that of the Wagner- 
Meerwein and related changes (cf. p. 177a). 
The highly specific stereochemical features of 
this rearrangement suggest that both parts of 
the change are intramolecular. Strong acids 
presumably catalyse the change of oximes and 
their esters through the formation of positive 
ions of the form XII rather than through the 
normal salt ion Xlll. 


R_C— R 

il 

N-OH^- 

R__C— R 

II 

H— N— OH 

-f- 

XII. 

XIII. 

.R 

/II .OH 2 

R nX 

c/" 

Rv II '^OH» 

\n + “ 


XIV. 


Chapman also made a study of the rearrange- 
ment of benzophenone oxime in ethylene di- 
chlorid(i in presence of hydrogen (ddorido and 
showed that the direct conversion was only a 
major reaction during the marked induction 
period, after which the reaction proceeded at a 
much greater and nearly constant speed through 
the following reactions : 


PhgCiN-OH > PhCO-NHPh (initial stage) 

PhCO NHPh PhCChNPh 

l + PhaCiN-OH 
Ph2C:NOCPh:NPh 

j + H + 

PhgCiNOCPhiNHPh 

This last cation resembles the ester of a strong 
acid and undergoes rapid rearrangement. It is 
not yet clear to what extent similar ester for- 
mations are important in Beckmann rearrange- 
ments under other conditions. 


Migrations from Side-chains into Aromatic 
Nuclei. 

CeHgXY -> YCeH^XH. 

A variety of rearrangements under this 
general heading can be represented by the above 
formulae where for example 

X=0 and Y -allyl or tertiary alkyl, -CO'R, 
•COOH,or S 03 H; or 

X=N and Y-alkyi, SOgH, NO, -NO., 
•OH, NHPh, NgPh. 

Migration of Hydrocarbon Groups and De- 
rivatives . — Hohnann and Martius (Ber. 1871, 4, 
742; cf. ibid. 1885, 18, 1821) observed that 
nuclear alkylation of aniline, as well as side- 
i chain alkylation, occurred when aniline hydro- 
chloride is heated mider pressure with methyl 
alcohol. Dimethyltoluidine and dimethylxyli- 
dene were amongst the products. Hofmann 
further showed that when trimethylphenyl- 
ammonium iodide is heated under pressure the 
methyl groups migrate into the nucleus, until, 
at 335°, the main product is mesidine (2:4:6- 
trimethylanfiine). The alkyl groups here enter 
the o- and p-positions, but Hey and his co- 
workers, continuing the study of nuclear 
alkylation of the hydrochlorides of o- and p- 
toluidine, mesidine and dimethylmesidine in 
methyl alcohol, found amongst the products 
taodurindine in which methyl has entered the 
?n-po8ition after completion of o-p-alkylation. 
They also identified hydrocarbons (including 
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hexamethylbeuzene), phenols and alkylated 
acridine derivatives (J.C.S. 1927-1937). 

The free alkylanilines do not undergo re- 
arrangement by the action of heat alone, but 
ReiUy and Hickinbottom {ibid. 1920, 117, 103) 
showed that these reactions also occur on heating 
alkylanilines with metallic chlorides such as 
those of cobalt, cadmium, or magnesium 
Hickin bottom’s further studies of these re- 
actions have thrown light on their mechanism 
(ibid. 1927-1937). Ethylaniline was heated 
with cobalt chloride at 240-270° in a 
vertical glass tube designed for the collection 
of volatile products from time to time. No 
ethyl chloride was obtained and the yield of 
aniline was negligible. A similar result was 
obtained with n-butylandine but wobutyl- and 
feri.-butylaniline gave good yields of the 
butylenes, whereas imder conditions precluding 
the escape of butylenes rearrangement was 
observed. Hickinbottom concludes that the 
mechanism is primarily a dissociation giving 
positive alkyl ions which re-alkylate in the 
nucleus or decompose into proton and olefin, 
which under appropriate conations can also act 
as an alkylating agent. The acid -catalysed re- 
arrangement can be represented as : 


C.H.NHaR 


^RC.H.NH, 

+ olefin 


Phenyl ethers (especially allyl, benzyl, tri- 
phenylmethyl and -alkyl ethers of phenols) 
undergo isomerisations analogous to the Hof- 
mann-Martius reaction. /3-Naphthyl afiyl ether 
is completely converted to l-allyl-2-naphthol 
at 210°. On the other hand phenyl benzyl ether 
is only partly converted into i-hydroxydiphenyl- 
methane by heating with zinc chloride at 160°. 
With aluminium chloride other groups can be 
made to migrate from oxygen to the nucleus 
and also migrate from one position in the 
nucleus to another (see Baddeley, ibid. 1943, 
273). Claisen considered that the o-migration 
of allyl groups involved the attachment of the 
y-allyl carbon to the o-position : 



Phenyl cinnamyl and /3-naphthyl allyl ethers 
heated together rearrange quite independently 
(Hurd and Smerling, J. Amer. Chem. Soc. 1937, 
69, 107) and the intramolecular nature of the 
reaction seems clear. With alkyl groups, other 
than the special aUyl case, migration of positive 
alkyl ions seems the probable mechanism. 
Olefin is formed when the o-p-positions are 
blocked. 

The very similar Fries rearrangement (Fries 
and collaborators, Ber. 1908, 41, 4272: von 
Auwers, Annalen, 1026, 447, 162; 1028, 460, 
240 ; Cox, J. Amer. Chem. Soc. 1030, 62, 352 ; 


W. Baker, J.C.S. 1934, 1684) is carried out by 
heating phenyl esters of carboxylic acids with 
aluminium, zinc, or ferric chlorides, when the 
acyl group migrates to the o-position and less 
easily to the p-position. When these reactions 
are carried out in diphenyl ether the acyl 
group enters the solvent, and in presence of 
alcohols esters are formed. Hence the acyl 
group is separated in these reactions and the 
mechanism is at least partly intermolecular. 

Acetanilide does not undergo a similar re- 
action but the diacetyl derivative readily does 
so on heating with zinc chloride : 

C«H 5 N(COIVIe)j -> MeCO CeH^ NH COMe 
(Chattaway, ibid. 1904, 85, 386). 

The Kolbe synthesis of salicyhc acid (Annalen, 
1860, 118, 126; J. pr. Chem. 1875, [iij, 11, 24; 
Schmitt, ibid. 1885, [ii], 31, 397 ; Tijinstra, Ber. 
1906, 38, 1375) may partly involve the con- 
version of sodium phenyl carbonate to sodium 
salicylate : 

C.Hg-O COONa ->C 8 H 4 (OH)COONa (1:2-) 

but direct substitution of the very active 
phenoxide ion by carbon dioxide certainly takes 
place and the isomeric change proceeds, at least 
to a considerable extent, through dissociation 
and resubstitution. 

Migration of SulphoniCt Nitro, and Nitroso 
Groups. — Most of the substitution reactions of 
aromatic amines and a few of those of phenols 
involve initial attack on the side-chain followed 
by a rearrangement to the nuclear substituted 
product. Phenylsulphuric acids and their salts 
(Baumann, ibid. 1878, 11, 1910; Van Charante, 
Rec. trav. chim. 1908, 27, 69), arylsulphamic 
acids and their salts on heating alone, and sul- 
phanilides (c.g.Me CeH 4 -N Et SOjPh) on heat- 
ing with 80% sulphuric acid undergo changes 
leading to the formation of, e.p., phenol-p- 
sulphonic acid, aniline-o-sulphonic acid and 
-p-sulphonic acid, and in the sulphonamide 
example 2-ethylamino - 6 - methyldiphenylsul- 
phone. The mechanism appears to be fission 
and resubstitution. 

Aromatic amines with nitric acid in acetic 
anhydride give nitroamines which are converted 
by acids to o- and p-nitroanilines (Orton, Brit. 
Assoc. Rep. 1912, 117; Bradfield and Orton, 
J.C.S. 1929, 916). The reaction appears to be 
intramolecular, in contrast to the reaction of 
aromatic nitrosamines with hydrogen chloride 
to give nitrosoanilines together with chlorinated 
amines, clearly by a reaction involving the 
formation of nitrosyl chloride or oxides of 
nitrogen and chlorine (Fischer and Hipp, Ber. 
1887, 20, 1247 ; cf. ibid. 1912, 45, 1098). 

Migration of Halogen. — H-Chloroacetanilide is 
isolate by the action of hypochlorous acid on 
acetanilide. Its conversion to o- and p-cWoro- 
acetanilides is also in marked contrast to the 
nitroamine change and is one of the clearest 
cases of intermolecular rearrangement. Orton 
and his collaborators (Brit. Assoc. Rep. 1910, 
86; J.C.S. 1928, 998; Olsen and Homel, 
J. Org. Chem. 1938, 8, 76) showed that hydrogen 
chloride is a specific catalyst and the equilibrium 

CeH. NCI COMe -f HCI 

^ C^Hj NH COMe 4- Cl, 
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is established. The free chlorine irreversibly 
chlorinates the aromatic nucleus in acetanilide 
giving 7 )«chloroacetanilide with some o-isomer. 
Phenols, amines, and other anilides present in 
the system, if sufficiently active, are also 
chlorinated. In contrast to this behaviour in 
aqueous solutions, the rearrangement of N- 
halogenated anilides in non-hydroxjdic solvents 
is an intramolecular process catalysed by acids 
generally with no specific effect from hydrogen 
chloride (Bell et al., Proc. Roy. Soc. 1934, A, 
143, 377 ; J.C.S. 1939, 1096, 1774). 

2'A'.^-trihromohmzenediazonium chloride is con- 
verted, by heating in alcohol-ether solution, 
into 4 - chloro - 2:6 - dibromobenzenediazonium 
bromide (Hantsch and Smyth, Ber. 1900, 33, 
605 ; c/. studies by Hantsch and collaborators 
on other similar reactions). The free halogen 
ion displaces the halogen in the p -position 
relative to the positive polo. The factors 
operating resemble those which lead to replace- 
ment of halogen in o- and p-chloronitro benzenes 
in which the reactive positions show electron 
accepting properties. This reaction is j 

[CeHjBraNfN]- -f Cl' 

[CgHgCIBra NiN]* + Br' 

and is included here as a case of migration of 
halogen from side-chain to nucleus but in 
mechanism it in no way resembles the other 
examples above. 

Migration of Hydroxyl and RekUed Groups . — 
Arylhydroxylamines heated with sulphuric 
acid undergo, amongst other reactions, re- 
arrangement to give p-aminophenols, if the 
p-position is free and, if it is not free, imino- 
quinol, hydroquinone, and resorcinol derivatives 
(Gattermann, ibid. 1893, 26, 1844; Bamberger, 
ibid. 1907, 40, 1893). The reactions can be 
represented as : 



NH 

NHOH II 



Azoxybenzene heated with sulphuric acid 
undergoes a somewhat similar rearrangement 
(Wallach and Billi, Ber. 1880, 13, 525; Lach- 
man, J. Amer. Chem. Soc. 1902, 24, 1178) : 

C.Hg.NrNOCeHg 

-> CeH, N:N C«H, OH (p-). 

Tertiary aromatic amine oxides saturated with 
sulphur dioxide also give the corresponding 
alkylaminophenols (Bamberger and Tschirner, 
Ber. 1899, 32, 1882). 

Migration of Amino Groups and Derivatives . — 
The partial conversion of phenylhydrazine 
hydrochloride to the hydrochloride of p- 
phenylenediamine by heating at 200° bears at 
least a formal relationship to several of the other 
migrations from side-chains discussed above 
and also to the benzidine change. 

The two reactions under this general heading 
which have been most fully studied are the 
conversion of diazoaminobenzene to aminoazo- 
benzene, a typical intermolecular reaction, and 
the benzidine change, one of the clearest cases of 
the intramolecular type. 

Benzenediazonium salts couple with aniline 
in weakly acid solution to give diazoamino- 
benzene, which is converted to aminoazobenzene 
by heating with stronger acid. This reaction 
involves the following changes : 


= N— N y 



With some derivatives of the two reactants 
little or none of the diazoamino intermediate 
may be formed. When the p-position in the 
amine is occupied, the azo- coupling takes place 
in the o-position. If diazoaminotoluene is 
heated in solution with aniline hydrochloride 
the azo group enters the aniline, to give amino- 
azobenzene, and with j3-naphthol in solution 
diazoaminobenzene gives a 90% yield of benzene- 
azo-)S-naphthol (Nietzki, ibid. 1877, 10, 662; 
Kidd, J. Org. Chem. 1937, 2, 198). 

The conversion of hydrazobenzene (l:2-di- 
phenylhydrazine) and its derivatives to ben- 
zidine and its derivatives or related compounds 
is, one of the most important and interesting 
rearrangements and one of the most difficult 
fully to understand theoretically (Jacobsen, 
Annalen, 1922, 428, 76; Robinson, J.C.S. 1941, 
220; Ingold, ibid, 1941, 608; see these sum- 
maries and ^scussions for further references). 
The following is a brief abstract from a great 
amount of information and discussion. 

The four main types of product from these 
rearrangements can be represented as follows : 
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j?-SemIdine. 


Hydrazo benzene and its derivatives generally 
give the corresponding benzidine as the main 
product if that is structurally possible and the 
yields are often very good. Siibstituents never 
exercise any directive power in the migration 
except in so far as they may occupy the p- 
position, thus preventing the formation of 
benzidines, so that one of the other possibilities, 
usually a semidine, becomes the main product. 
If the ^-position is occupied by Cl, COOH, 
SO3H, or O-COMe, this group is often 
eliminated and the benzidine formed. .3- Amino- 
diphenyl and o-benzidine (2:2'-diaminodiphenyl) 
derivatives are not formed, but l:2-di-a- 
naphthylhydrazine gives both symmetrical 
diamines ; l:2-di-^-naphthyIhydrazine gives the 
o-benzidine type of product only : 



An early and curiously persistent hypothesis 
postulated that ^-semidine is an intermediate 
in the conversion of hydrazobenzene to ben- 
zidine, but Robinson and Robinson (1918) 
showed that the semidine is not converted to 
benzidine under the conditions of this reaction. 
The intramolecular character of the rearrange- 
ment is clearly shown by two types of evidence. 
Firstly, amongst the large number of examples 
of this rearrangement studied or reviewed by 
Jacobsen not one example was found in whi(;h 
ANHNHB gave NHgAANHg or 
NHg-B-B-NHo; the product always contains 
both parts of the original molecule giving 
N Hg-A'B'N Hj. Secondly, when 2;2'-diethoxy- 
hydrazobenzene and 2:2'-dimethoxyhydrazo- 
benzene (dianisidine) were rearranged together. 
Ingold and Kidd showed by thermal analysis 
that methoxyethoxybenzidino is not formed but 
only diethoxy- and dimethoxy benzidines. With 
such closely related compounds any separation 
of the two parts would certainly have led to the 
production of the unsymmetrical product. 
This evidence appears sufficient, but it can be 
supported in various ways. For example, tetra- 
phenylhydrazine (NPhg'NPhg) dissociates into 
free radicals and also undergoes the benzidine 
change but not under the conditions which 
favour dissociation. 

Robinson {he.) discusses the mechanism of the 



o-Semidine. 


reaction in terms of his electronic oscillation 
hypothesis applied to the positive ion of the 
hydrazobenzene salt, and Ingold {l.c.) gives an 
explanation in terms of resonance theory applied 
to the “ formally neutral molecule.” In spite of 
considerable differences, these explanations 
have a good deal in common and, particularly, 
both postulate the formation of new linkages 
before the complete fission of those between the 
nitrogens, and the facilitation of the formation 
of this transition state through the possibilities 
of electron redistribution which normally 
govern, Ibr example, aromatic substitution. 
The following formula illustrates how the 
positive charge on one nitrogen in the ion of the 
salt leads in the normal way to a strongly 
electron accepting ^-position in the attaclu^d 
benzene nucleus which will combine with the 
strongly donating position p- to the tri valent 
nitrogen in the other nucleus : 



Migrations in II eterocycMc Compounds . — These 
are mainly migrations from the hetero-atom into 
the nucleus and can be illustrated by the 
following examples : 

N -alkyl- and N -acyl- pyrroles give a-alkyl and 
a-acyl derivatives on heating (Ciamician and 
Zanetti, Ber. 1889, 22, 659, 2518), and the 
corresponding pyridine derivatives show migra- 
tions to both the a- and the y-positions (Lange, 
ibid. 1885, 18, 3436). N-benzylpyrrole under- 
goes one of the most interesting rearrangements 
in this type of compound, giving a-benzyl- 
pyrrole and )3-phenylp3aadine. The formation 
of the latter product, presumably through the 
former, involves a ring enlargement and loss of 
hydrogen (Pictet, ibid. 1906, 88, 1946). 



The conversion of the quaternary hydroxides 
of aromatic heterocyclic compounds to pseudo 
bases is formally an isomeric change, but it is 
essentially an addition reaction leading to at 
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least partial loss of aromatic character. In 
N-(2;3-dmitrophenyl)-pyridines this reaction 
leads to opening of the pyridine ring. 






In heterocyclic systems containing two or 
more hetero atoms, possibilities analogous to 
those indicated above arise and also some 
analogous to those included below under migra- 
tions between oxygen, nitrogen, and sulphur, etc. 

Ammonium Cyan ate and Urea. 

The discovery of the change of ammonium 
cyanate into urea is recognised as a landmark in 
the history of chemistry because of its influence 
on the development of organic chemistry, as an 
example of the conversion of a compound 
obtained from typically mineral sources into so 
characteristic a product of metabolism (Wohler, 
Annalen (Poggendorf), 1828, 12, 263). The 
reaction is reversible and clearly involves dis- 
sociation into ammonia and cyanic acid (Chatta- 
way, J.C.S. 1912, 101, 170) apparently giving 
the hydroxylic form of cyanic acid whicli 
isomerises to the keto form, the carbonyl group 
of which reacts with ammonia (E. A, Werner, 
1913, 103, 1010; 1914,105,923; 1918,111, 
84 et seq. ; “ Chemistry of Urea,” Longmans, 
Green and Co. 1923) : 

NH^O'C^N NHg-fHO C-N + 

^ NH:C:0 + NHg ^ HNrC NHg 

6 - 

The kinetics of these reactions have been 
studied and discussed in detail (Werner, op. cU.), 


in relation to the properties of urea and cyanic 
acid, and in particular to the cyclic formula for 
urea 

/ /NH,\ 

(nh,c(, ) 

a modern form of which is given above. 

Ammonium thiocyanate gives thiourea on 
heating and hydrazine cyanate forms semi- 
carbazidc. 

C. MIGRATIONS BETWEEN OXYGEN, 
NITROGEN AND SULPHUR, ETC. 

A great variety of miscellaneous reactions come 
under this heading. A number of them are re- 
actions which commonly occur between reactive 
ctuitres in difterent molecules and wdiich become 
molecular rearrangements when the analogous 
reactive centres occur in the same molecule. 

Raiford and collaborators studied very fully 
the migration of acyl groups in o- aminophenois 
(.1. Amer. Chem. Soc. 1919-1925; cf. Nelson 
and Davis, ihid. 1926, 48, 1680). 

One of the most extensively investigated 
groups of reactions under this general heading 
involves carboxylic and carbonic acid deriva- 
tives. Alkyl thiocyanates on heating give iso- 
thiocyanates (Johnson et al., Amer. Chem. J. 
1907-1908). /.vocyanidos give nitriles. Diaryl- 
thion carbonates, CS(OAr) 2 , give thiolcar- 
bonates, CO(OAr)'SAr (von Vargha, Ber. 
1930, 63 [Bj, 178). Imidols of the form 
ArC(OAr):N Ar give amides ArCO-NArj 
and amidines undergo similar changes. Chap- 
man and collaborators have made a detailed 
study of reactions of these last two types. Low 
electron availability in the migrating group 
facilitates both the forward and reverse reactions 
and high availability in the group B facilitates 
the reverse reaction. When two different amides 
or imidol ethers are mixed and rearranged they 
do so independently and no mixed product is 
formed. Thus the reactions are intramolecular. 
They can be represented as 

‘Ar--C=NA Ar— C— NA„ 

I ^ II 

NB— A NB 

The resemblance to the mechanism given for the 
Hofmann and related degradations is only 
superficial. The mechanisms and the factors 
determining them are quite dijBTerent. 
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Sulphides, sulphoxides, and some sulphones 
undergo rearrangements (Smiles and colla- 
borators, J.C.S. 1925-1933) particularly when a 
hydroxyl, amino- or acetylamino-group is 
present in the o-position relative to the sulphur 
atom. The cycle of reactions given at foot of 
p. 185 shows a migration from sulphur to 
oxygen in the sulphone and from oxygen to 
sulphur in the thiol (Warren and Smiles, ibid. 
1932, 1040). The presence of a nitro-group in 
the migrating group facilitates the reactions. 
The alkali presumably gives phenoxides or thio- 
phenoxides with the hydroxyl or thiol groups, 
and the migrating group is transferred to the 
powerful electron-donor sulphur or oxygen. 

G. N. B. 

MOLECULAR SPECTRA(INFRA-RED 
AND RAMAN).— Although the existence of 
radiation beyond the red end of the visible 
spectrum was first demonstrated by Sir William 
Herschel in 1800, nearly a hundred years elapsed 
before any real progress was made in investigating 
spectra in the infra-red. This was largely due 
to the lack of sufficiently sensitive devices for 
measuring the radiation. The introduction of the 
bolometer, the radio-micrometer, and of vacuum 
thermopiles towards the end of the last century 
made it practicable to record spectra out to 
about 20/i.,* and by 1910 the spectra of many 
molecules had boon recorded under conditions 
of moderate resolving power. The interpreta- 
tion of these spectra was by no means clear, 
although it was fairly obvious that the presence 
of certain bonds (or groups) in a molecule gave 
rise to characteristic absorption bands in the 
infra-red. Thus all hydrocarbons have character- 
istically powerful absorption bands near 3-4/x. 
and 7/i. {see Fig. 1), while all aliphatic alcohols 
have bands at 2*9/4. and 6*8/4., and so on. 
From the fact that many of the higher infra-red 
frequencies were integral multiples of the lower 
ones, it was surmised that the absorptions were 
to be associated with certain characteristic 
frequencies of the molecule, but it required the 
application of Planck’s quantum theory to 
establish the fact that nearly all molecular 
spectra in the infra-red arise from changes in 
vibrational and rotational energy. Only in 
exceptional cases do spectra causea by changes 
in electronic energy fall in the infra-red, and it 
is equally unusual to find spectra in the visible 
region arising from changes in vibrational 
energy. The explanation is that, in general, it 
takes approximately ten times as much energy 
to alter the electronic configuration of a mole- 
cule as it does to alter the vibrational state. 
Similarly vibrational energies are about ten 
times greater than rotational energies, so that 
pure rotation spectra are confined entirely to the 
far region of the infra-red {see Fig. 1). The 
phrase “ infra-red spectrum ” has thus come to 
be used loosely to describe both the “ pure 
rotation ” and the “ vibration-rotation ” spec- 

* Wave-lengths in the Infra-red are usually ex- 
pressed in terms of /4., where l/4.*=l(>-i mm. = 10,000 
Angstrom units (a.) ; frequencies in the inhra-red are 
conventionally expressed in terms of wave numbers 
(cm.“i), the number of wave-lengths contained 
in 1 cm. Thus 20/4. = 1/50 mm. and corresponds to a 
frequency of 600 cm.-i^pSxlOiJ vibrations per 
second. 



Region of Pure Rotational Frequencies and of Low Fundamental Frequencies ^nd of Over'tones''7!id"combIna?i^^^ 

Botation gasetnuii of H(a m ^ Low Fundamentals 
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trum of a molecule, in contrast to its “ elec- original (or Rayleigh) frequency v, certain very 
tronic ” spectrum. This explains the close much weaker companion frequencies 
association of infra-red with Raman spectra, • • • where . . . are of the same 

for the latter also arise from changes in vibra- order of magnitude as vibrational and rotational 
tional and rotational energy. frequencies occurring in the infra-red region of 

In 1928 it was discovered simultaneously by the spectrum, and in many cases are identical 
Landsberg and Mandelstam and by Raman that with observed infra-red absorption frequencies, 
if a molecule is irradiated with visible or ultra- The physical explanation of this is made clear 
violet light of monochromatic frequency v, then in Fig. 2 from an energy level diagram for the 
the scattered light contains, in addition to the molecule. Thus if Eq represents the state of 



(a) Infra-Red Frequencies (b) Raman Frequencies (c) Raman Frequency 

v-v, v-l-v, 

(Stokes) (Anti- Stokes) 

Fig. 2. 

lowest energy, or “ ground ” state, of the mole- v is momentarily absorbed by the molecule, 
cule and E 2 f £^3 . . . are vibrational energy which is raised to some imstable electronic level 
levels corresponding to frequencies vj, vj . . ., E\ from which it immediately drops down either 
then absorption in the infra-red is due to a to the original state E^ or to some excited 
transition in which the molecule passes directly vibrational state E^, E^, J ?3 . . . In the former 
from Eq to E^, E^t E^ • • • The process of case the frequency of the scattered light is the 
light scattering by a molecule is, however, to be same as that of the incident Ught, and this is 
pictured as an electronic absorption followed by known as classical or Rayleigh scattering ; in the 
an electronic emission. The incident frequency latter case the frequencies of the scattered light 


Exciting Line 

Stokes Lines X 4358 A Anti Stokes Lines 



Frequency 22163 22479 22721 22938 23155 23397 

in cmH 22625 23251 

Fig. 3. 


are less than that of the incident light, viz. “ anti-Stokes frequencies^'' in contrast to the 
V— vj, V— vj, etc.; this is known as Raman cases of diminished frequency, which are known 
scattering and vp ^ 2 , etc., are Raman frequencies as “ Stokes frequencies'' Since the appearance 
of the molecule. It is clear that if light is of anti-Stokes frequencies depends on the occur- 
incident on a molecule which is already in an rence of molecules in excit^ states, only the 
excited state, and on scattering the molecule lower frequencies of a molecule (<700 cm.~^) 
drops to the ground state, then the scattered will appear as anti-Stokes frequencies in the 
frequency will be greater than the incident fre- Raman spectrum at ordinary temperatures, 
quency, viz. v+fj, p-i-Vg, etc. These cases of This is illustrated in Fig. 3, showing the Raman 
enhanc^ frequ^cy are often referred to as spectrum of carbon tetrachloride, in which the 
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frequencies 217, 313, 469, and 776 cm.~^ are 
excited as Stokes lines, but only 217, 313, and 
459 cm.'"^ as anti-Stokes lines. The foregoing 
discussion of Raman spectra has been limited 
to vibrational frequencies. Exactly similar 
arguments apply to the rotational frequencies, 
and rotational Raman spectra have been 
observed for some of the simpler polyatomic 
molecules. As it is necessary to have the mole- 
cules in the gaseous state in order to get rota- 
tional spectra and the intensity of the scattered 
light from gases is extremely weak and conse- 
quently hard to observe, pure rotational Raman 
spectra are not of great practical importance. 
For similar reasons the rotational fine structure 
which is superimposed on all vibrational Raman 
frequencies will be ignored in this article. 

From a chemical standpoint infra-red and 
Raman spectra are important, not as a means 
of confirming the postulates of the quantum 
theory, but as tools for two main purposes, viz. 
(a) the determination of molecular structure, 
and (6) the identification of a particular com- 
pound in the presence of others from which it is 
hard to distinguish by chemical or other physical 
means. In the former case it is usuall}^ essential 
to have both the infra-red and the Raman 
spectrum of the molecule (in the gaseous state) 
under conditions of high rcsolving-power, and 
the com})lcte interpretation of this spectrum 
requires a detailed knowledge of a specialised 
branch of quantum theory. In this article the 


method of interpretation, indicating the limita- 
tions as well as the possibilities of this way of 
investigating molecular structure, is presented 
only in outline. The use of vibration spectra 
for purposes of identification naturally requires 
much less knot>t^ledge of the theory, and some 
general rules for interpretation can be given. 

The present treatment is restricted to poly- 
atomic molecules. The vibration spectra of 
diatomic molecules are of very little interest, 
since the information obtained from them can 
usually be obtained much more satisfactorily from 
electronic spectra {v. this Vol., p. 197a el seq.). 

pRTNCn^LES OF INTERPRETATION. 

Pure Rotation Spectra. — The rotational 
energy of any molecule depends upon the 
moments of inertia of the molecule and upon 
certain quantum numbers controlling the 
quantisation of the angular momentum of the 
molecule. There are four possible cases, accord- 
ing to the degree of symmetry of the molecule. 
These are given in Table I, in which /a, -Ib» 
and Iq are the three momenta of inertia of the 
molecule, h is Planck’s constant (6-56 xlO~^^ 
erg sec."'^), and J and K are rotational quantum 
numbers taking the values indicated. Pure 
rotation spectra arise from transitions between 
the rotational energy levels caused by emission, 
absorption, or scattering of radiation and the 
selection rules governing the allowed transitions 
have been included in Table I. Thus for a 


Table I. — Rotational Energy Formulae and Selection Rules for the Four Classes 

OF Polyatomic Molecules. 




8(5loction rules. 

Class of niolcciilo. 

Expression for rotational energy, Bj,. 

(a) 

Infra-red spectra. 

(&) 

Kaman spectra. 

Linear 

/c=0 

.7=0, ], 2, . . . 

II 

JeZ-O, ±2 

Spherical 

/a=/b=/o 

J=0, 1,2,... 

No active 
transitions 

No active 
transitions 

Symmetrical top ^ 
/a=^/b+/o 

.. /I 

*^(/o 7a) 8^‘-> 
7f<J: J=0, 1, . . . 

AJ=±\ 

^^=0, dzl, ±2 

Asymmetrical top 
/a+Zb+Zo 

No simple explicit expression in 
terms of J, the quantum num- 
ber for total angular momen- 
tum. 


^*Z-=0, ±1, ±2 


linear molecule the possible energy changes in 
the infra-red are given by : 

AEr^Jh'^I^TT^Ij^ 

«/= 1 , 2 , 3 , ( 1 ), 

and the corresponding spectral frequencies are : 
Vr^AEfjh^J 

( 2 ). 

In other words the pure rotation spectrum of a 
linear molecule in the infra-red consists of a 


number of equally spaced lines, the separation 
between the lines being inversely proportional 
to the moment of inertia of the molecule. The 
same is true of the Raman spectrum, only the 
separation between the lines is twice as great. 
Observation of these spectra, which is unfor- 
tunately technically difficult, would therefore 
yield a value for the moment of inertia of the 
molecule. In the case of spherically symmetrical 
molecules, such as methane or carbon tetra- 
chloride, transitions between the levels do not 
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arise through emission, absorption, or scatter- 
ing ; consequently such molecules have no pure 
rotation spectra. This phenomenon might 
therefore bo used as a test of spherical symmetry 
in the investigation of molecular structure. In 
the case of symmetrical-top molecules, such as 
ammonia or the methyl halides, the infra-red 
spectrum is of exactly the same type as in t^ie 
linear molecule, and yields a value for one of the 
moments of inertia (7^). It is important to 
notice that no information can be obtained 
about the other moment of inertia (7c) from 
spacings in rotation spectra, because of the 
selection rule 6K=i). It is possible, however, to 
obtain information about the ratio 7 o/7a from 
the intensities of the lines. In the case of 
asymmetrical-top molecules, there is no explicit 
expression for the energy levels in terms of the 
moments of inertia, but the energy -level scheme 
may be computed in terms of these moments, 
provided certain algebraic equations can be 
solved. This means that the values of the 
three moments of inertia cannot be derived in a 
straightforward way. However, it is possible 
to obtain the values of the moments of inertia 
by a process of trial and error, by starting from 
probable values and computing an energy-level 
scheme. The trial values can then be modified 
until the computed energy levels agree with 
those derived from the spectrum. Frequently 
it is possible to obtain a fair approximation to 
the spectrum of an asymmetrical molecule in 
which the diff erence between two of the moments 
of inertia is small by tn'ating it as a sym- 
metrical-top molecule of which the levels have 
been perturbed, through the imperfection of the 
symmetry. The difficulties of the theory are 
further increased by the fact that distortion of 
the molecule takes place at high rotational 
energies through the action of centrifugal forces. 
In spite of these complications, the pure rotation 
spectrum of water vapour, which extends in the 
infra-red from 15p. to beyond 135/x., has been 
successfully observed and interpreted by Denni- 
son, Randall, and others (Physical Rev. 1937, 
[ii], 52, 160; ibid. 1940, [ii], 57, 128) to yield 
highly accurate values for the moments of 
inertia and thus for the internuclear distances 
(O-H distance— 0-9580 A., HOH angle~104° 

31'). 

It is unlikely, however, that pure rotation 
spectra will ever become an important tool in 
the elucidation of molecular structure. The 
experimental difficulties in obtaining these 
spectra (which will be discussed briefly in the 
section on experimental methods, p. 1945) arc 
quite formidable, particularly under high re- 
solving power, and most of the information 
obtained can equally well be derived from the 
vibration-rotation spectrum, which lies in a 
much more accessible region of the infra-red. 

Vibration -Rotation Spectra. — The vibra- 
tional energy of any molecule is given by the 
expression : 

... • (3), 

where v^, vj . . . are the “ fundamental ” fre- 
quencies of the molecule, and n^, Wg, . . . are 
quantum numbers which may take any positive 
integral value. The number of fundamental 


frequencies depends on the number of atoms in 
the molecule, there being in general 3n--6 funda- 
mentals for a molecule containing n atoms. 
However, if the molecule is linear, the number 
of fundamentals is 3w--5. These fundamental 
frequencies depend in turn on the masses of the 
atoms, the internuclear distances and angles, 
and the restoring forces brought into play when 
the atoms are displaced from their equilibrium 
positions in the molecule. Thus in the special 
case of a diatomic molecule, for which it is 
assumed that the restoring force is of a Hooke’s 
Law type (i.e., an alteration of the equilibrium 
internuclear distance by an amount x causes a 
restoring force kx to come into play), the funda- 
mental frequency is given by the equation : 

V-(l/27T)V'{/‘'(»^l+W2)/miW2} . . (4), 

where amd are the masses of the two 
atoms. Vibration-rotation spectra arise from 
transitions between the energy levels given by 
(3) through the emission, absorption, or scatter- 
ing of radiation. Just as in the rotational case, 
the transitions arc governed by selection rules, 
and these selection rules depend on the sym- 
metry of the molecule. It is not jmssible in an 
article of this type to consider all the possible 
types of symmetry with their associated selo(;tion 
rules, but some general rules can be given which 
should make it clear how the analysis of vibra- 
tion spectra enables a molecule to be assigned to 
a definite symmetry class. 

The first of these general rules is that by far 
the most probable of the “ allowed ” transitions 
are those in which one of the quantum numbers 
changes by one unit while all the others remain 
unaltered. In other words, the most frequent 
energy changes in absorption or scattering corre- 
spond to certain of the fundamental frequencies, 
vj, of the molecule. The less frequent 

transitions in which a quantum number changes 
by more than one unit, or several quantum 
numbers change simultaneously, correspond to 
“ overtone ” (2vi, 2^2, etc.) or “ combination ” 
frequencies (vj+vg, ^3+2^3, 2v',-f3v2, etc.). This 
rule allows many of the fundamental fre- 
quencies to be identified with the most intense 
absorption or Raman frequencies, but it does 
not by any means solve the problem of deter- 
mining all the fundamental frequencies of the 
molecule. It frequently happens that (*ertain 
“ allowed ” fundamentals are relatively weak 
in absorption and scattering while some overtone 
or combination frequencies are stronger than 
these weakly active fundamentals. 

The second rule is that fundamental fre- 
quencies will be active in absorption only when 
the mode of vibration of the molecule associated 
with that fundamental frequency causes an 
equiperiodic variation in the permanent electric 
moment of the molecule. Thus in Fig. 4, which 
represents the five fundamental modes of vibra- 
tion of acetylene, Vj, vj* *'5 completely 
symmetrical modes which cause no variation in 
the permanent (zero) moment of this molecule. 
These three fundamentals wiU not appear in the 
infra-red spectrum, but vj and will give rise 
to absoirption, as their unsymmetrical nature 
gives rise to an oscillating dipole-moment. 
If, however, one of the hydrogen atoms in 
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acetylene is replaced by a deuterium atom, all 
the vibrations become unsymmetrical and 
therefore active in absorption. The relative 
intensity of the different active fundamentals in 
absoi-plion is directly relaicd to 1 he amplitude 
of the asrocial ed change in dipole moment. IliiB 
explains why certain fundamentals, which may 
be “ allowed ” as far as symmetry conditions 
are concerned, may yet be very weak in intensity. 

The third rule is that fundamental frequencies 
will be active in Raman scattering only when the 
mode of vibration of the molecule associated 
with that fundamental frequency causes an 
equiperiodic variation in the polarisibility of 
the molecule. Thus on referring to the vibra- 
tions of acetylene in Fig. 4, it is seen that the 
three symmetrical frequencies vg, and vg will 
cause the polarisibility of the molecule to vary 
with the corresponding frequency, whereas the 
unsymmetrical frequencies vg and will cause 

H C C 




^ -HI 


i 1 


I ^ t 

Fig. 4. 

the polarisibility to pass through two complete 
cycles for each complete cycle of either vibration. 
This may be grasped more readily if it is noticed 
that on starting from one extreme position of 
either Vg or V 4 the configuration of the molecule 
after half of a vibration cycle is the same as 
that obtained by rotating the molecule through 
180° about any line through the centre of 
gravity and perpendicular to the axis of the 
molecule. As the molecule is constantly rotating, 
the polarisibility after half a cycle must be the 
same as it was at the beginning of the cycle ; in 
other words the polarisibility has completed its 
cycle of variation at double the fundamental 
frequency. This means that the overtones 2vg 
and 2^4 may appear in the Raman spectrum 
although the fundamentals are forbidden. 

It is clear that the application of these last 
two rules presupposes a knowledge of the 
physical character of the fundamental or 
“ normal ” modes of vibration of the molecule. 
How, for instance, were the normal modes of 
acetylene illustrated in Fig. 4 derived 7 Was it 
by the application of mathematical meihods, or 
was it possible to use general physical argu- 
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ments 7 The answer is that in this particular 
case either method may be employed, but that 
the mathematical approach is the more funda- 
mental. Any molecule may be regarded as a 
vibrating system made up of a number of atoms 
having a definite equilibrium configuration, 
determined by the interatomic forces. Now 
any vibrating system possest ea a limited number 
of “ fundamental ” or “ normal ” modes of 
vibration, such that every possible vibration of 
the system can be built up out of these funda- 
mentals or their overtones, while none of the 
fundamentals can be built up from any com- 
bination of the other fundamentals. The 
derivation of the physical nature of the funda- 
mentals of any vibrating system is straight- 
forward applied mathematics {see E. T. Whit- 
taker, “ Analytical Dynamics,” Cambridge 
University Press, 1927) but the actual working 
out is very complicated, and special techniques 
have been developed for molecular vibrations; 
these cannot be dealt with in this article. The 
other method, which can only be employed in 
simple cases, is the physical method of building 
up the normal modes of the molecule out of the 
normal modes of simpler vibrating units within 
the molecule. This method does not give more 
than the general physical character of the fimda- 
i mentals, but this is all that is roquiied in order 
to establish their symmetry properties and corre- 
sponding selection rules. 

As an illustration, the physical method may be 
applied to the acetylene molecule of Fig. 4. 
Consider the molecule to bo built up from two 
C H groups. Each of these C H groups possesses 
a fundamental frequency, so the complete mole- 
cule will possess two “ CH frequencies,” one 
corresponding to the two C H fundamentals 
oscillating in phase with one another, the other 
corresponding to them oscillating out of phase. 
The former is vg » latter is j/g. If the C H 
groups are regarded as two rigid groups, vibrat- 
ing like a large diatomic molecule, the vibration 
being largely controlled by the forces of the 
C=C bond, another of the fundamentals, viz. 
vj, is obtained. Finally, if oscillations of the 
CH groups are considered which involve only 
motions of the atoms perpendicular to the axis 
of the molecule, the two groups may oscillate, 
either in phase (^ 4 ) or out of phase (vg). This 
gives the five fundamentals illustrated in Fig. 4. 
However, it was stated earlier that a linear 
molecule with n atoms should have 3w — 6 funda- 
mentals; this requires acetylene to have 7 
fundamentals. The explanation of the apparent 
discrepancy is that and vg are “ degenerate ” 
modes of vibration, each vibration being really 
two vibrations which are physically indis- 
tinguishable. Thus V 4 and vg could equally well 
have been represented as motions in a plane 
through the molecule perpendicular to the plane 
of the paper. There is, however, nothing which 
distinguishes the first vibration plane from the 
second, and the motions of the atoms cannot in 
fact be regarded as confined to one plane or the 
other, although the motions can be resolved into 
components in these two planes as a matter of 
mathematical convenience. The phenomenon 
of degeneracy is therefore a consequence of the 
high symmetry of the molecule, and is of quite 
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frequent occurrence in simple symmetrical 
molecules. In addition to the cases of double 
degeneracy in which the motions of the atoms 
are isotropic in planes, it is possible to have cases 
of triple degeneracy in which three fundamentals 
have coalesced and the motions of the atoms are 
isotropic in space. For instance, the highly sym- 
metrical molecule of methane possesses two 
triply degenerate fundamentals. 

It should be added that the results of this 
physical method of classifying the normal 
modes of vibration through their symmetry 
properties can be obtained by a purely mathe- 
matical technique involving the theory of 
groups. By means of certain rules*derived from 
group theory it is possible to write down im- 
mediately for any given molecule the classifi- 
cation of the fundamentals into groups having 
common symmetry properties, and therefore 
obeying the same selection rules. Further, it is 
possible to state the degree of degeneracy of any 
fundamental, whether it will be active in absorp- 
tion or in scattering, and in the latter case, to 


predict some of the polarisation properties of 
the Raman frequencies. Details of this method, 
which cannot be included here, are now available 
in several publications (e.gr., Rosenthal and 
Murphy, Rev. Mod. Physics, 1936, 8, 317). It 
might appear from tliis that the physical method 
is of no value, as it only enables a few of the 
simpler cases to be dealt with, whereas the group- 
theoretical method is absolutely general. The 
physical method, however, has t& advantage 
that it gives some indication of the magnitude 
of the frequencies and this is of considerable 
value in correlating the observed absorption 
and Raman frequencies with the particular 
normal modes of vibration of the molecule. For 
instance, the fundamental frequency of a CH 
group is always in the neighbourhood of 3,000 
cm.~^, irrespective of the nature of the molecule ; 
the frequency of an OH group is always near 
3,600 cm.~^, and so on. The explanation is 
that the viWtion is almost entirely confined 
to the light hydrogen atom and is therefore 
practically independent of the rest of the mole- 
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cule, its magnitude being controlled primarily 
by the value of the force constant of the bond 
holding the hydrogen to the rest of the molecule. 
This can be verified by taking very much 
greater than in equation (4) above, when the 
expression for the frequency of the diatomic 
group reduces to v—{ll2n)\/{k/m2). The ex- 
tension of this to frequencies other than those 
involving the motions of hydrogen atoms has 
to be done with some caution. Although certain 
bonds, such as N = N, C=C, C=C, C=0, 
C = N, and C=N, may frequently be correctly 
associated with fundamental frequencies in 
polyatomic molecules in the neighbourhood of 
2,200, 1,650, 2,000, 1,760, 1,650, and 2,100 cm.-i, 
respectively, ^cause the vibration of the bond 
in question is fairly independent of the rest of 
the molecule, this cannot be taken as true in 
general. The fundamental frequencies of any 
molecule are frequencies of the molecule as a 
whole and it is only in the case of the hydrogen 
iroquencies that the large difTerence in mass 
localises the fundamental with certainty in a 
particular bond. 

Before going on to discuss the application of 


the above rules to a few illustrative examples 
mention may be made of one other general 
empirical rule governing the magnitudes of 
fundamental frequencies. It is that frequencies 
which principally involve stretching of bonds are 
greater than tliose which are associated with the 
^formation of angles between the same bonds. 
Thus for acetylene in Fig. 4 the frequencies 
i/j, Vg, and V3 wdll be greater than and Vj. 
Of course it may not always be possible to make 
this sharp distinction between a “ bond fre- 
quency ” and a “ deformation frequency,” 
which can be done in a linear molecxile, but fre- 
quently it will be found that this division can be 
made, and is of value in assigning observed 
frequencies to the appropriate mode of vibration. 

Application of Symmetry Selection 
Rules to Simple Molecules. — Suppose the 
infra-red and Raman spectra of a triatoraic 
molecule YXj have been observed, what deduc- 
tions can be made from them regarding the 
configuration of the molecule ? The normal 
modes of vibration may be considered first. 
These are illustrated in Fig. 6, which also in- 
dudes the selection rules for infra-red and 
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Raman spectra for the two possible configura- 
tions. The selection rules are so different in 
the two cases that it should be possible to state 
immediately whether the molecule is linear or 
not. In the non-linear case all three funda- 
mentals will appear in absorption and in Raman 
spectra, whereas in the linear case only the two 
unsymmetrical fundamentals and Vg will 
appear in absorption and only the symmetrical 
frequency will appear in the Raman spectrum. 
It will be noticed that in the linear case the 
infra-red and Raman spectra are complementary, 
and it may be remembered that this was also 
the case in acetylene (Fig. 4). These are, in 
fact, special cases of a general rule which states 
that in a molecule possessing a centre of sym- 
metry, all fundamentals which are unaltered 
by a reflection of all the co-ordinates in the centre 
of symmetry will be active in the Raman 
spectrum but inactive in the infra-red, whereas 
the opposite will hold for fundamentals which 
are “antisymmetrical” towards a reflection in 
the centre of symmetry. In this connection 
“ antisymmetrical ” means that the phase of 
the vibration has been altered by half a complete 
period by reflection in the centre of symmetry. 

The application of this last rule makes it 
possible to determine, from inspection of the 
infra-red and Raman spectra of a YXg molecule, 
whether the configuration is planar (as, for 
example, in the NO ~~3 ion) or pyramidal (as in 
the ammonia molecule. It has also been applied 
to confirm the hexagonal symmetry of the ben- 
zene molecule. 

The YX^ class of molecules may have either a 
pyramidal or a tetrahedral configuration. Here 
again the selection rules based on the different 
symmetry properties are entirely different and 
allow an immediate decision to be made between 
the two configurations. In a similar way it is 
possible to prove very easily whether molecules 
belonging to the ¥ 3 X 4 class are planar and 
symmetrical, or have the YXg groups at right- 
angles to one another, and so on. Sometimes 
the symmetry selection rules have been very 
valuable in proving that a particular molecide 
has an unsymmetrical structure. Examples are 
ozone (which cannot be equilateral), and hydro- 
gen peroxide and hydrazine (both of which 
have very skew configurations). An extension 
of the same method allows a distinction to be 
made between the cis- and trans-fvnm of a com- 
pound ; similarly the existence of free or 
restricted rotation may be established in 
favourable cases. One drawback in all this 
work is that the symmetry selection rules are 
strictly valid only for the vapour state, and 
Raman spectra are extremely difficult to obtain 
under such conditions. Even the infra-red 
absorption may present considerable difficulties 
when the boiling-point is over 100 °c. 

Rotational Fine Structure and Moments 
of Inertia. — When the vibration spectrum has 
been obtained in the vapour state, there is 
always an extensive fine structure due to the 
changes in rotational energy which accompany 
the change in vibrational energy. As the 
detailed interpretation of this fine structure is 
too complex to be given here, only the main 
results will be discussed. The formulae for the 


rotational energy have already been given in the 
section on pure rotation spectra ; the selection 
rules are, however, not quite the same, and 
differ according to the type of vibrational 
transition involved. Thus in the case of a 
linear molecule, Jf/=d;l for vibrations parallel 
to the axis of the molecule (such as vg in Fig. 4), 
whereas il for vibrations perpendicular 

to the axis of the molecule (such as in Fig. 4). 
The transitions AJ~±:l give rise to a series of 
equally spaced lines on either side of the vibra- 
tion frequency r, the frequency separation 
between the lines being ; these are 

known as the “ P ” and “ P ” branches of the 
band. The transition J/— 0 in the “per- 
pendicular ” vibrations gives rise to a “ ^ ” 
branch coinciding with the vibration frequency. 
The presence or absence of this Q branch is use- 
ful in assigning bands to the correct mode of 
vibration ; the separation between the lines in 
the P and P branches can be used to evaluate 
the moment of inertia, I, of the molecule. Only 
in the special case of the XYX molecule is it 
possible to calculate the internuclear distances. 
If, however, an isotopic form of the molecule is 
also studied (e.gr., acetylene with one or more 
deuterium atoms in place of hydrogen), then 
from the two moments of inertia all the inter- 
nuclear distances can be obtained. The limiting 
factor in the application of this method to the 
determination of moments of inertia lies in the 
resolving power attainable in the infra-red. 
Because of the small amount of energy available, 
it is extremely difficult to use slits sufficiently 
narrow to resolve rotation lines closer than 
0*5 cm.”^. This means that in general mole- 
cules with moments of inertia greater than 
10 - 3 b g..cm.'^ will not have the rotational fine 
structure sufficiently well defined to allow an 
accurate estimate of the lino spacing to be made. 
The heaviest linear molecule to have its structure 
resolved so far is CSg with a moment of inertia 
of 247x10“^® g.-cm.^, but it should be added 
that the spacing here is twice the normal, as the 
absence of nuclear spin in the sulphur atom 
causes alternate lines in the spectrum to be 
missing. It is likely that as advances continue 
to be made in the technique of infra-red spectro- 
graphy, this limit will be considerably surpassed. 
A new limit will then be reached, set by the 
natural width of the absorption lines themselves. 

In the case of spherical molecules the structure 
of each band is exactly the same as for the 
“ perpendicular band ” of a Linear molecule, but 
the spacing between the lines varies from band 
to band and is not a simple function of the 
moment of inertia. This is due to the existence 
of internal angular momenta in the molecule, 
arising from the vibrational motions. Allowance 
can be made for this effect and accurate values 
finally derived for the moment of inertia. The 
only molecules which have so far been investi- 
gated are methane, silane, and germane. For 
symmetrical-top molecules both moments of 
inertia can be evaluated, although complications 
occur in determining /o, again through internal 
angular momenta. The only molecules in this 
class reasonably fully investigated are CHgF, 
CHgCI, NHg, PHg, sud BFg. Here again the 
study of deuterium compounds is often helpful 
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in the deduction of intemuclear distances from 
moments of inertia. The asymmetrical-top 
molecules present serious difficulties as noted 
already in the discussion of pure rotation 
spectra. The line spacings and intensities are 
quite irregular, and the unravelling of the whole 
stmcture is a task of extreme difficulty even for 
the most experienced spectroscopist. In cases 
where the degree of asymmetry is small the 
structure will not differ fundamentally from that 
in a symmetrical-top molecule, and hero the 
moments of inertia can l)o evaluated with much 
less difficulty. The following are the only 
asymmetrical-top molecules of which the infra- 
red spectra have been successfully analysed to 
give reliable values for the moments of inertia : 
HjO, HgS, and CgH^. 

Summarising, it may be said that although 
in theory the analysis of the rotational fine- 
structure of infra-red vibration spectra of any 
molecule should yield values for the moments of 
inertia of that molecule, the method has so far 
been applied to some thirty molecules, and the 
prospect of extending this list appreciably is 
smaU unless some advance is made in spectro- 
scopic technique which will provide greater 
resolving power. Even with increased resolving 
power, the difficulties in unravelling the complex 
structure of the more a8ymmetri<'al molecules arc 
formidable. This rather depressing conclusion 
has led investigators to consider whether infor- 
mation on the structure of the molecule, further 
than that provided by the symmetry selection- 
rules, can be obtained purely from the vibration 
spectra in which the rotational line structure is 
unresolved or only partially resolved. In the 
case of partial resolution it is often possible to 
give approximate values for the moments of 
inertia by a natural extension of the theories 
already developed for complete resolution, but 
when the rotational structure is entirely absent 
in the case of molecules examined in the 
liquid or solid state) a different approach has to 
1)6 made. This involves a consideration of the 
force constants governing the stretching of the 
chemical bonds in the molecule, and the relation 
of these to the intemuclear distances on the one 
hand, and to the vibrational frequencies of the 
molecffie on the other. 

Force Constants and Intemuclear Dis- 
tances. — When any molecule vibrates, several 
forces come into play tending to restore the 
atoms to the positions they occupy in the 
vibrationless state of equilibrium. The exact 
nature of these forces is veiy complex, and only 
in a few extremely simple cases has it been 
possible to overcome the mathematical diffi- 
culties encountered when the methods of 
quantum mechanics are applied to the system 
of electrons and nuclei making up the molecule. 
If, however, the molecule is regarded as a collec- 
tion of masses (atoms), held together by simple 
elastic forces, such that any alterations in inter- 
nuclear distances of the chemical bonds or of the 
angles between two bonds bring into play forces 
which are proportional to the displacements of 
the bond lengths or bond angles from their 
equilibrium values, then the methods of classical 
mechanics may be employed and the problem 
becomes much more tractable. In particular, it 
VoL. VIII.— 13 


is possible to derive simple algebraic equations 
connecting the force constants of the bonds and 
bond angles with the masses of the atoms and 
the fundamental frequencies of the molecule. 
The triatomic molecule YXj (Fig. 5) is a simple 
example and may be regarded as having bonds 
between the Y atom and each of the X atoms, 
characterised by a force constant K exactly 
analogous to the force constant k of the diatomic 
molecule of equation (4) ; displacements of the 
XYX angle from its equilibrium value are 
opposed by another force characterised by 
The equations (!onnecting these force constants 
with the frequencies Vj, v^, and the masses 
mx, rriY are then as follows : 

A=r«x^«Yr§/{my-f 2mx sin^ {a/2)} . . (5). 

A'a~-Wxv|r^(XY)^{'WY+2mx sin^ (a/2)} 

/v}{mY+2mx)2 . . ( 6 ). 

mxivf-i- vl)^{K fmY){7nY+ 2mx cos- (a/2) 

+ {2Aa/»)iY(XY)‘‘^){wy+2wx sin^ (a/2)} . (7). 
Provided the angle a between the tw'o YX 
bonds is known, the first equation gives the 
value of the 1‘orce constant A of the bond ; 

I provided the XY distance is known, the second 
I equation gives a value for Aa, while the third 
equation may be used as a test of the assump- 
tions by substituting the values for A and Xa 
found from the first two equations. Tests of this 
kind usually show that the simple assumption 
of valency forces is not entirely satisfactory 
and in some cases may be quite unjustified. 
It is generally found necessary to introduce 
additional forces which allow for interaction 
between various parts of the molecule. Thus 
in the triatomic molecule it may be necessary 
to assume that alteration of the length of the 
XY bond 8imultanet)U8ly causes an alteration in 
angle between the XY bonds. Unfortunately, 
when interaction terms of this type have to be 
introduced, it becomes impossible to get any 
check on the assumptions, for there are as many, 
or sometimes more, unknown force -constants 
than there are equations from which to deter- 
mine them. In spite of these difficulties it has 
been possible to get fairly reliable values for 
the force constants of many of the commoner 
chemical bonds. Single bonds usually have 
values ranging from 2 to 7 x 10^ dynes per cm. ; 
double bonds lie roughly between 7 and 12x 10® 
dynes per cm., while triple bonds may have 
values greater than 20 x 10® dynes i)er cm. It is 
possible by this means to tell when a bond is 
not simple but is a resonance hybrid. For 
example, the C-C force constant in benzene 
has the value 7*6 x 10® dynes per cm., whereas 
the C-C single-bond force- constant has a value 
close to 6x 10® dynes per cm., and the double- 
bond force-constant is between 9 and 10 X 10® 
dynes per cm. 

The force constant of a chemical bond is 
therefore just as much a property of that 
particular bond as the intemuclear distance 
between the two atoms, and several workers 
have shown that there is a very close relation 
between these two quantities. One form of 
relation, due to Douglas-Clark (Trans. Faraday 
Soc. 1941, 37, 293) may be quoted here : 

• • ■ ( 8 ). 
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where ke is the force constant of the bond for 
displacements from equilibrium, 

Te is the equilibrium intemuclear distance, 
n is a group number, defined as the sum 
of the valency electrons in each atom, 
and kqr is a sub-period constant, depending 
on the positions of the atoms in the 
Periodic Table. 

This opens up another method of determining 
intemuclear distances from vibration spectra. 
At present it does not compare in accuracy with 
the method deriving from the analysis of rota- 
tional fine structure, partly because of the above- 
mentioned difficulties in evaluating the force 
constants accurately, and partly because of the 
empirical nature of the equations, such as (8), 
relating the force constant to the bond length. 
However, much useful information has already 
been obtained by this method, and it is capable 
of extensive development. It offers the only 
prospect of dealing with large molecules, in 
which the moments of inertia depend on so 
many intemuclear distances and angles that 
even although analysis of the rotational fine 
stmeture could be carried out, and the moments 
of inertia evaluated, this might not materially 
assist in settling the structure of the molecule. 

Detection of Hydrogen Bonds. — Suppose 
a molecule contains a hydrogen atom H which 
is attached not only to some atom X in that 
molecule, but also to a second atom X' which 
may or may not be in the same molecule. In 
the first case there is an internal hydrogen 
bond ; in the second, two molecules are loosely 
bound together through an external hydrogen 
bond. Examples of the two types are found, 
respectively, in o-chlorphenol and acetic acid. 
The existence of these hydrogen bonds can be 
very readily detected from the vibration spectra 
of the molecules. It has already been remarked 
that the O H group has a fundamental frequency 
in the neighbourhood of 3,600 cm."“^, in which 
the motion is almost entirely confined to the 
H atom and so is virtually independent of the 
rest of the molecule. If, however, this H atom 
is now to take part in the formation of a hydro- 
gen bond, the original O-H bond will be 
weakened by the formation of the H-X' bond. 
This means that the O — H distance will be 
increased and consequently the O-H force 
constant decreased, giving as a result a consider- 
able lowering of the characteristic OH funda- 
mental frequency. The fundamental absorp- 
tion band of the OH group is shifted from the 
usual position around 3,600 cm.“^ to anywhere 
between 3,450 cm.-^ and 3,100 cm.~^, according 
to the strength of the hydrogen bond. Such a 
displacement is very easily observed. In this 
manner the existence of hydrogen bonds has 
been established in many cases where evidence 
has been unobtainable by other means. More 
generally, alterations in vibration frequencies 
may be used as a tool in the investigation of 
inter- as well as intra-molecular forces. 

Expeeimental. 

Infra-red Spectra. — The range covered by 
the infra-red is so large that one technique 
cannot be used to cover all of it. Any suitable 


spectrograph used for the visible region can be 
employed for that part of the infra-red which 
can be recorded by photographic methods. 
Unfortunately this is an extremely small portion 
of the infra-red (see Fig. 1) and contains no 
fundamental frequencies. It extends from the 
end of the visible red, about 7,500 a. or 13,333 
cm.-^ to about 1-3/i. or 7,690 cm.-^. Quite 
useful information can often be obtained from 
the overtone and combination frequencies that 
fall in this region, although these are in general 
more complex in structure than the funda- 
mentals, and so more difficult to interpret. 
Between 1*3 and 3*5p. (7,690 cm.“^ and 2,875 
cm.”^) a spectrometer with a quartz prism gives 
sufficient resolving power for most purposes, 
although a grating has to be used to got the best 
results. For these, as for all longer wave-lengths, 
the radiation is normally detected by means of 
a thermocouple or some other thermo-electric 
device. Between 3*5/i. and 17/z. (2,857 cm.”^ to 
588 cm.~^) the usual dispersing agent is a rock- 
salt prism, but synthetic lithium fluoride and 
calcium fluoride (which have higher dispersive 
power from 3 to 6/x. and 6 to lO/x., respectively) 
are now becoming available. In order to get 
beyond 688 cm.~^ the rock salt prism must be 
replaced by one of sylvine, which, beyond 400 
cm.-^, is in turn replaced by one of potassium 
bromide. The limit of transmission of potassium 
bromide is about 300 cm.“^. In all of this region 
covered by the rock salt, sylvine, and potassium 
bromide prisms, it is essential to supplement the 
dispersion of the prism with a grating if the 
highest resolving power is desired, but the 
tlispersion given by the prisms alone is usually 
sufficient to reveal all but the finer details of 
rotational fine-structure and heruio for all work 
on liquids and solids. Until quite recently it 
was customary to plot infra-red spectra point 
by point, the observer noting the amount of 
infra-red radiation indicated by the thermo- 
couple at each wave-length, with and without 
the absorbing molecules in the path of the 
radiation, and computing the percentage absorp- 
tion for that wave-length. Several methods of 
I recording infra-red spectra have now been 
developed which should reduce the labour 
involved and at the same time greatly accelerate 
the whole technique. Most of these recording 
methods suffer from the drawback that the 
record obtained is not a direct record of 
the percentage absorption but a record of the 
amount of energy transmitted by the material 
at the various wave-lengths. Since the incident 
energy varies between the different wave- 
lengths especially in regions of atmospheric 
absorption the records have to be reduced to 
give percentage absorption by comparison with 
a record of the incident energy. This drawback 
is not serious when qualitative work is con- 
cerned, but for quantitative work it is preferable 
to use the double beam method introduced by 
Hardy, in which percentage absorptions are 
directly recorded. It should be added that it is 
now possible to scan portions of the infra-red 
sufficiently rapidly to allow spectra to be 
examined visually on a cathode ray screen. 

Raman Spectra. — In order to obtain satis- 
factory Raman spectra it is essential to have a 
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powerful source of monochromatic radiation, 
and accurate alignment of the apparatus so that 
the maximum amount of sc-attered light and the 
minimum amount of reflected light enters the 
analysing sj)eotrograph ; the latter should be of 
aperture sidliciently large to keep exposures 
within a reasonable time limit of a few hours 
without sacrificing resolving power so that 
fre(|iiencieH lying close* together are not separated. 
In general, the most suitable source of mono- 
chromatic radiation is a mercury arc in whic-h the 
particular exciting fre<iuency lias been isolated 
by a filter. I'lie following wave-lengths have 
all been uh(uI successfully: 5,791 A., 5,770 a. 
(yellow), 5,401 a. (green), 4,958 a. (blue), 
4,047 a. (\ iolct), 3,b50 a. and 2,530 A. (ultra- 
violet), but especially that at 4,358 a. It is 
preferable to use a wave-length as far into the 
ultra-violet as possible, since the intensity of the 
scatRu’ed light is inversely proportional to the 
fourth power of the wave-kmgth, but in many 
cases ultra-violet light causes decomposition. 
Again, tlui substam't? under examination may 
possess absorption bands in all but the gretni or 
yellow regions of the sj^ectrum. A helium lamp 
giving monochromatic radiation of wave-length 
3,888 A. has also b(‘en used, but it is not so easy 
to construct as the mercury lamp. An arc with 
a tin-cadmiurn alloy has also been used to ]>ro- 
ducc monochromatic radiation in the red end of 
the spectrum for use with certain coloured 
materials. kSpectrographs hav^e been sj)ecially 
designed by most of the optical firms for the 
(d)servation of Raman spectra. It is seldom 
advisable to work with an aperture ratio less 
than //5. It is a good plan ttj have alternative 
cameras of different aperture so that the fast 
one can be used for substances with very weak 
Raman spectra, while the longer-focus camera 
can be used with strongly scattering substances 
in order to get maximum resolving power. 


References. 

General. 

fb B. B. M. Sutherland, “Infra-red and Raman 
Spectra," Methuen and Co., 1935. 

T. Y. Wu, “Vibrational Spectra and Structure of 
Polyatomic Molecules,” National University of 
Peking, 1939. 

G, Herzberg, “Infra-red and Rainaii Spectra of 
Polyatomic Molecules,” Van Nostrand, 1945. 

C. Schaefer and F. Matossi, “ Das Idtrarote Spek- 
trum,” *T. Springer, 1930. 

J. Lecomte, “ Stnicturc dcs Molecules et Spectres 
d ’Absorption dans I’lnfra-llouge,” in Traits 
de Chimie Organique,” Masson et Cie., 1936. 

J. H. Hlbben, “ Raman Effect and Applications to 
Chemistry/’ Chemical Catalog Co., 1939. 

K. W. F. Kolilrausch, “ Smekal-Raman Effect,” 
J. Springer, 1938. 

Faraday Society Discussions : 

(a) “ Application of Infra-red Spectra to Chemical 

Problems,” 1945, Trans. Faraday Soc. 
41. 

(b) “The Hydrogen Bond,” 1940, ibid. 36. 

Articles by Fox and Martin, and Suther- 
land. 

Recent Advances in Infra-red Technique, 

H. M. Randall, “ Spectroscopy of the Far Infra- 
Red,” Rev. Mod. Physics, 1940, 12, 176. 

Recording Infra-red Spectrometers have been 
described by : 

1) Hardy, Physical Rev. 1939, [ 11 ], 56 , 11 12a. 

2) McAlister, Matheson, and Sweeney, Rev. 
Scl. Instr. 1941, 12, 314. 

(3) Smith, Und, 1942, 13, 54. 


195 

(4) Oetjen, Kao, and Randall, ibid. 1942, 13, 

1515. 

(5) Barnes, Liddel, and Williams, Ind. Eng. 

(dieiii. [Anal], 1943, 15, 83. 

((5) Sutherland and I'hompson, Trans. Faraday 

Soc. 194.5, 41, 174. 

Catliodo Ray Presentation : 

(1) Baker and Robb, Rev. Sei. Instr. 1943. 

11, 362. 

(2) Daly and Sutlierland, Nature, 1946, 157, 

547. 

D. B. B. M. 8. 
MOLECULAR SPECTRA (VISIBLE 
AND ULTRA-VIOLET).~The study of 
light emission and absorption by molecules eoii- 
eerns the sim])Jest diatomic entitit*s as well as 
molecules of many of the most complicated 
organic substances. It makes us(^ of a consider- 
able variety of experimental techniques adapted 
to the iiive.stigation of omission, absorptit)n, and 
fluorescence, exhibited by gases, vapours, 
liquids, solids, and solutions. The data obtained 
may b(? valued as material for the detailed 
d(^Heri])tion of molecular structure in terms of 
the more abstruse tbeories of mathematical 
pb^ sic's, or, on the other hand, the results may 
ho usM entirely empirically. Between the.se two 
extremes lies a eorisidmable territory where 
teehnical limitations give rise to semi-empirical 
and tentative interpretation. At ('ach level of 
study the investigator’ needs to be versed in 
some other discijdine, mathematical, physical, 
or chemical, and any general account will 
reflect the bias of its author. 

In this article the first aim will be a simplified 
account of the application of the quantum 
theory to the spectra of simple molecules. The 
second aim will be to illustrate the way chemists 
have sought to interpret the data on larger 
molecules — usually in the dissolved state — and 
the third aim to give examples of spectra applied 
to constitutional problems. 

In the visible and ultra-violet regions mole- 
cular spectra arise primarily because of elec- 
tronic energy changes. These quantised tran- 
sitions are not usually very numerous, but the 
energy of the molecule is also affected by 
quantised vibrational energy contributions. 
The observed spectra may then appear to be 
very complex. 

The theory follows naturally from the treat- 
ment of atomic spectra. 

THEORY OF SIMPLE BAND SPECTliA. 

Electronic energy levels for the isolated 
hydrogen atom are given by : 

Eu=—Ilhcln^, 

where and n has integral values 

1, 2, 3, . . . An absorption frequency 

occurs when n changes from 1 to 

2, and an emission frequency when n cjhanges 
from 2 to 1. If hydrogen atoms fall to the 
levels n=l or 2 from higher levels, series of lines 
occur (in emission) : 

—gj (Lyman Series), 

(Balmer Series), etc. 
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Analogous molecular processes of electronic {h) energy intake affecting the whole molecule 
excitation occur, and for simple molecules it is in respect of its rotation about some 

possible to identify the transitions involved. axis. 

Even with polyatoi^c molecules useful approxi- Vibrational and rotational changes, like 
ma ions can be made. . , . , electronic transitions, are quantised, and 

rwo processes which do not occur with single quantum numbers a and J are used to cha- 
atoms enhance both the complexity and signifi- racterise vibrational and rotational states, 
canoe of molecular spectra ; they are : respectively. The energy of a molecule will then 

(a) energy intake resulting in intramolecular determined as a sum of three terms : 
vibrntion of constituent atoms ; 




VlQ. 1. 


In general, En is very much greater then E^, 
which in turn is much larger than Ej, so that 
»^vib.>> viot. {see Fig. 1). 

(JjEel. =20-200 kg. -cal. per g.-mol. 

Jj&vib.— 1-10 kg. -cal. per g.-mol. 

^f^rot.=ca- 0*1 kg.-cal. per g.-mol.) 

The high frequency of the electronic motion 
corresponds with the very small mass of the 
electron, just as the slower motion of the atoms 
is due to their greater mass, and, in consequence, 
the swiftly moving electrons can be regarded as 
occupying at any instant the optimum position 


consistent with quantum conditions. It follows 
that each electronic state of the molecule is 
linked with a defined vibrational quantum corre- 
sponding ^-ith a fundamental vibration “ fre- 
quency,” a>Q. {ojQ=hvQ,) The energy, 

ft = ( 

the i being an introduction of the newer 
quantum-theory to include zero-point energy. 
Actual molecules are not perfect harmonic 
oscillators, and the corrected equation 

■S^vib./ft=*(v+i)wo~(*^+J)^®o‘®o+ • • • 

gives better results. 
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In the case of a diatomic molecule AB with 
nuclei of masses and with an equilibrium 
nuclear separation r^, for small values of Jrg 
the force tending to restore the atoms to re 
varies as i.e., F—k{r—re)y and the potential 
energy is V=(A;/2)(r— re)^, zero potential being 
taken as that obtaining when r-=re. For a 
simple harmonic oscillator, 

where ro=(l/27r)V(*^W 
with mg) (reduced mass). 

A limit is set to the increase in vibrational 
energy, in units hv^ as v increases, by the dis- 
sociation of the molecule into atoms. Anhar- 
monicity as v increases can be fitted into a scries : 

F-(i/2!)(r-r,)2+(i73!)(r-re)» 

+ {k''lil){r-re)' . . 

but it is more convenient to use the exponential 
form : 

K = />[ 1 -t- e “ - 2e “ ~ J 

{!’. M. Morse, Physical Rev. 1929, [ii], 34, 57), 
whence : 


Ev=={v-j-^)hvQ — Xe{v-i-l)^hvQ . . 

if 

VQ~{a|2^T)^/{2Dfm) and Xe hv^^liD 
and D—^Hvq—Dq (actual dissociation energy). 

The study of molecular structure is made easier 
by the use of potential-energy curves {sec Fig. 2). 




•S 


Repulsive Curve for Unstable 
Molecule (Electronic transition to 
this state results in dissociation 
..“Spectrum is continuous) 



Equilibrium Distanoe 


Internuclear distance r 

Fia. 2. — POTBNTIAL-ENBEGY CUBVES FOR A 
Diatomic Molecule. 


Consider two atoms separated by a large dis- 
tance; if they come closer, repulsions between 
the nuclei bring about an increase in the potential 
energy of the system, and if the respective 
electronic configurations are unfavourable to 
combination this increase will be enhanced. 
If, however, the electronic configurations favour 
combination, there will be a decrease in potential 
energy. The potential energy curve obtained 
by summation of nuclear repulsions and elec- 


tronic interactions will show a minimum when 
there is molecule formation. If the curve 
Vjr shows no minimum the “ molecule ” is 
physically unstable. A physically stable mole- 
cule leaves the state represented by the minimum 
only by absorption of radiation or by collisions. 
If the molecule fails to survive collisions with 
others of its own kind it is chemically unstable 
(CH, SO, etc.). Each separate electronic state 
of a molecule possesses its own jiotential -energy 
curve, the differences between the minima corre- 
sponding with the energies of the different 
electronic transitions. As r (internuclear separa- 
tion) increases, each curve approaches a hori- 
zontal line corresponding with dissociation. 
The electronic state with the lowest minimum 
is called the ground state of the molecule. The 
curve shows the amplitude of the atomic vibra- 
tion for successive values of v, and the vibra- 
tional levels gradually converge to the limiting 
value of the energ}^ shown in the horizontal part 
of the curve. If is known for smaller values 
of V to be steadily decreasing, the curve AE^jn 
may be extrapolated to AE^- 0 at Tpiax.- Thus 
for a (“ovalent molecule splitting into two 
neutral atoms, the number of vibrational levels 
is finite and the true energy of dissociation from 

the vibrationless level r-^0 is IJq ^ A Ey. Since 

r«l 

the vibrating atoms necessarily spend a large 
part of the time near extremes of r, an electronic 
transition is most frecjuent from such states. 
According to the Franck-Uondon Principle r 
will be unchanged when the electronic transition 
occurs, and will correspond with an extreme of 
a vibration in the new state (Fig. 3). It follows 
therefore that there is no change in r<. on elec- 
tronic excitation if absorption occurs from 
I ?/'=() to ?/~0, v"-~] to v'^l, etc. If, however, 

I experiment shows that the most intense bands 
are from - 0 to 0 and v" - i) to ?/- 8ay 4, 
the internuclear distance will bo appreciably 
changed as a result of electronic excitation. 

In addition to vibrating along the line joining 
the nuclei, a diatomic molecule may rotate about 
an axis perpendicular to this line and passing 
through the mass-cejitre of the molecule. The 
rotation is subject to quantum restrictions given 
by: 

where B^hl^i-nhure^ and J is the rotational 
quantum number, the physical meaning of 
which is that ./(J-|'l)/i^/47r‘‘* is the square of the 
angular momentum of the nuclear rotation. 

When allowance is made for strt^tching under 
centrifugal action, 

0<^B, hjSn-l^B, 

where I is moment of inertia. Experience shows 
that there is a selection principle according to 
which J can only change by 0 or ±1* ^-6., the 
possibilities are : 

J 1 

J-^J 
J 1. 
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If J' and J" rcproKonl two values of J allowed 
the seieetion rule : 

eiot.- 1 vib.-f 1) - 1) 

(correction terms being neglected). 

B' and B" differ because the value of 1 
changes with the change in ?>. 

Writing for i'el.+ cvib., thee(jualion becomes: 

{a) 

r-co I [-\)~B"{J'-^ \)J' or 

r-ro+.y'(/r+/n-l-/'“(/T B"), 

where J' — 4 L -f -| Ih etc. This is ( alh d the 
positive or R branch [see. Fig. 4). 

{h) 

v--eo-e/"(/i'4- B") \ J"-{B'-B"), 

where ,/"--f-l, -f2, -f3, . . . This is the 
7iegativf or P branch. 

(r) 

e-Co 1 ./(iy' yr')-hJ-(/r-/r), 


w'hcro ./ (), 1, 2, 3, . . . This is the zero or Q 
bra^ich. 

In analysing spectra it is useful to note that the 
‘'quation 

V t>Q f uJ-t bJ'^ c(jvers the P and E branches 
(/^ t I, -f 2 . . R branch; ./ -—1, - 2 . . ., 
P branch ; a H'^B " ; b B'~-B'\ leading 
quite simply to values lor the moments of 
inertia). 

One of the most obvious phenomena in the 
study of these specti’a is th(‘ existence of band 
“ heads/' i.c., the crowding tog(?ther of lines, 
in the direction of (‘ither long('r or shorter wave- 
lengths, to a sharply defined limit. This is 
accounted for as follow s : let B' be > B'% so 
that a and b are both positive. If J is negative 
{P branch), aJ will be negative and 6J“ positive, 
and the quantity aJ-\ bJ'^ will at first decrease 
and then increase as J rises. If, however, ./ is 
positive, the frequencies wdll increase steadily 
with increasing J, and the R branch wdll have 
no head. When B' is <ZB" the R branc-h will 



(i) (ii) (iii) 

Fi(n 3. 

Case (i) ; r, upuroxiinatcly the same for ln)th electronic states 
of lyind.s (0, 0), (J, I), (2, 2), etc. 

r«!!o Oili i ^ ill the two states. If r'-5 the stroiiKi'st hands will 1 m*. R), 0) ami (r>, 7). 

dittcrcnt in the tw'o electronic states. Spectrum shows long progn'ssions : (a) in 
< mission V —0 progn'ssion is strong ; (h) in absorption. 


liand system w ill show a strong seiinema 


now show the head, degrading in this instance 
to the red. 

In sub-atomics an electron of azimuthal 
quantum number I has an orbital angular 
momentum of (/i./27r)'v/{/(/-f 1)}, and when there 
are several electrons, each with its own value 
for /, the resulting momentum L can have a 
number of values. The total angular momentum 
for the atom {J) is the vector-sum of L and N, 
the sum of the electron spins. The multiplicity 
of J values is given by 2N-fl. In a simple 
molecule there is a strong field along the inter- 
nuclear axis, and for each electron the value of 
I and of its component along the axis (A) play 
an important part. Atomic B electrons become 
/S(T electrons if i=l and A==0, P electrons become 
Pa. A=-0, or Ptt, A==1, etc. 

The vector sum A for two or more electrons 


gives the component of L along the molecular 
axis. 


h {A). 

Atoms. 

Molecules. 

0 

8 

H 

1 1 

P 

n 

2 

D 

A 


The resultant spin angular momentum for all 
electrons provides a second quantum number 8. 


s. 

state of molecule. 

0 

Singlet. 

i 

Doublet. 

1 

Triplet, etc. 
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and the multiplicity, is indicated as a 

superscript preceding the Greek letters ; thus 

corresponds with /I— 0, and 

„ „ A=^2,S=^h 

S being half-integral or integral according as the 
total number of electrons in the molecule is odd 
or even. There are two kinds of E state in dia- 
tomic molecules, and E~ (in E~ states, the 
wave function changes sign on reflection at a 
plane through the intcmuclear line; in 


states, no change of sign occurs). In diatomic 
molecules with identical atoms all the states 
belong to odd or even groups^ c.gr., 
respectively. If the wave function is un- 
altered on reflection of the co-ordinates at the 
middle of the line joining the nuclei, the state 
is even ; if it changes sign, the state is odd {see 
R. de L. Kronig, “ Optical Basis of the Theory 
of Valency,” Cambridge, 1935). 

The hydrogen molecule has a ground level 
designated arises from fhe union of two 



atoms in the ground state l (or US'), the two 
electrons having antiparallel spins. The multi- 
plicity is 1 plus twice the vector sum of the 
spin (1 -4- 2 X 0). If the two electrons had parallel 
spins the multiplicity, 2(i-|-J)-f-] ==3, would be 
that of a triplet state » which is repulsive, 
and a stable molecule is not formed. A large 
number of other levels are known, the upper 
ones being very much higher than the ground 
state. Absarptim by molecular hydrogen there- 
fore requires the large quanta corresponding 
with wave-lengths in the vacuum ultra-violet 


region. Molecules excited by collisions with 
electrons, however, emit longer wave-leng|h8 
corresponding with smaller changes between on© 
excited level and a lower level. The transition 
affords a special case, in that the ® 
molecules dissociate into atoms with kineti(> 
energies varying continuously over a wide 
range. The result is a perfectly continuous 
spectrum extending from the visible to the far 
ultra-violet. 

Apart from the discrete well-resolved struc- 
tures so far discussed, diffuse spectra appear 
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both in absorption and in emission. If no 
structure can be detected using high dispersion 
and a narrow slit, the spectrum is said to be 
continuous^ and an intermediate typo with no 
recognisable rotational structure is associated 
with the phenomenon of predissociation. 

It frequently happens that a more or less 
abrupt change occurs from a well-resolved to a 
diffuse spectrum as the wave-length decreases, 
but much earlier than the short wave-length 
limit of the progression. The ofl'oct arises when 
discrete levels overlap the continuous state of 
another electronic level, and is widespread 
among polyatomic molecules. Thus if a mole- 
cule in one of the higher vibration-rotation i 



Fig. 6. 

The electronic change occurring in the S 2 molecule 
on absorption is a jump from a to a level. 
Absorption in the second, non-pressure-sensitive, 
diffuse region, causes the molecule to vibrate at 
energies near the horizontal line through x. The 
molecule executes a number of vibrations, and then 
passes through the crossing-point to a repulsional 
^/7|4 level, which at once dissociates into two normal 
atoms. This behaviour is styled true predissociation. 
At lower energies of excitation, near y, the curve 
crosses that for ^ direct passage between the 

curves, however, is forbidden by the selection rules. 
Collisions, by distorting the levels, permit the change 
and consequent dissociation ; hence the pressure- 
sensitivity of the diffuseness. An effect of this kind 
is called induced predissociation. (Diagram and ex- 
planation after E. J. Bowen, “ The (Chemical Aspects 
of Light," Oxford, 1942, p. 83.) 

levels of an electronic state B exceeds the limit 
of the vibrational levels of a state A, a radiation- 
less transfer may occur spontaneously. In state 
A the molecule dissociates before completing a 
rotation. A number of selection rxiles must be 
obeyed {see advanced treatises on molecular 
spectra, referred to on p. 20 Id). Rotational 
fine-structure disappears, but vibrational quanta 
can still be absorbed. Thus the absorption 
spectrum of diatomic sulphur vapour is capable 
of high resolution from 4,100 to 2,799 a,, and 
from 2,716 to 2,616 a. Between 2,799 and 
2,716 A. rotational fine-8truct\ire persists only at 
very low pressures ; at higher pressures collisions 
make possible a forbidden transition, resulting 


in the diffuse predissociation spectrum. Beyond 
2,615 A. the blurred spectrum is shown even at 
very low pressures, and true predissociation 
occurs, i.e.f the molecule dissociates after a 
slight delay of ca. 10“^^ sec., a time interval 
between a vibrational and a rotational period. 
On excitation (absorption) the change is from 
to >' ex edited vibrating molecule then 

passes spontanef)Us]y to the ^IJu state, which is 
repulsional, and dissociation oc(;urs instantly 
into two normal atoms {see Fig. 6). 

Dissociation energies may often be evaluated 
from predissociation limits, but the products of 
dissociation may carry kinetic energy sufficiently 
large to make considerable correction necessary 
{see Kronig, op. cit.). 

The simple representation of molecular states 
in terms of Vjr energy curves is replaced in tri- 
atomic molecules by an energy surface, Vl{rp^ 2 )f 
for each state. Predissociation is likely for a 
vibration-rotation level B if its energy surface 
intersects that of a state A at a place corre- 
sponding wo’th the continuum (dissociation) ; in 
reality there is an intersection curve replacing 
the intersection point, and prodissociation occurs 
over a wider spectral range than is usual for the 
simpler molecules. When there are more than 
three atoms in a molecule discrete electronic 
band spectra are unusual, and predissociation 
is the rule rather than the exception. The dis- 
sociation products, moreover, may be atomic or 
molecular, and are often in states of electronic 
excitation. 

The spectra of the larger molecules are diffi- 
cult to interpret fully, not only because of the 
plurality of modes of vibration, but also because 
of anharmonicity resulting in complex inter- 
actions. This together with electronic excita- 
tion, leads to a situation which requires either 
simplifying assumptions or a more empirical 
approach. 

Predissociation spectra are of great im- 
portance in understanding photochemical pro- 
cesses {v. Photooidsmihtry). 

EXPERIMENTAL ASPECTS OF BAND 
SPECTRA. 

{a) Emission Spectra. — Band systems are 
often observed in flames obtained by simple 
combustion of gases or liquids, such as hydro- 
carbons ; other spectra may be excited by intro- 
ducing gases or fine sprays of liquid or solid into 
hot flames. 

The amount of energy available for excitation 
is, however, not large, and the spectra corre- 
spond with transitions between quit/C low levels 
(rarely more than 6 electron volts ♦), and the 
lower level is nearly always the ground state. 
The bands arise from electrically neutral mole- 
cules which are most probably chemically un- 
stable; thus although N2, O2, and CO mole- 
cules are present, they do not show themselves 
in flame spectra, because the high levels of 
excitation needed are not reached in the pre- 
dominantly thermal processes ; the radicals 
CH, C 2 , and OH, however, manifest themselves 
readily. Thermal excitation involves collisions 

♦ Subsequently abbreviated to ** e.v." 
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between molecules, one of which may reach a 
state with a new nuclear distance. This con- 
trasts sharply with excitation by swiftly moving 
electrons, which exert little effect on the motions 
of the heavier atoms, so that band systems in- 
volving a considerable change in are net 
common in discharge tubes or arc sources. The 
flames of burning hydrocarbons thus show the 
CH bands at 4,300 and 3,900, the Cg (Swan) 
bands and the O H band at 3,004 a. The 
Angstrom systtmi of CO show^s up in the 
positive column of an uncondensod discharge 
with carbon monoxide or dioxide, arid the well- 
known Third I'ositivc bands are equally readily 
excited. Requiring about 10 e.v., they are 
absent from flames. The coal-gas Bunsen 
flame shows the (green) Cg Sw^an bands in the 
green part of the roaring flame, and the CH and 
OH bands occur in the blue part. 

The spectra of metallic oxides ar<^ often 
excited by introducing vfdatile halides into a, 
flame, but sometimes a lower halide such as 
Cal or SrBr may jjersist long enouD:h to 
dominate the observed spectra. Metallit; hy- 
drides like MgH and CuH exhibit band Rysteins 
when the finely divided metal is introduced into 
a hydrogen flame, (^ool flames, obtained by 
slow combustion at temperatures well below' the 
ignition temperature for a normal flame, lik(5 
those of burning carbon disulphide or ether, are 
not hot enough for thermal excitation. The 
sjiectra of cool flames are due to elKunilumin- 
escen(*e, the emitting moleeulcs being excited a.s 
a direct result of the combustion processes and 
not by thermal processes {v. (hiEMimiMiN- 
EsoENCE, Vol. JIl, 22d). In the hot flame, 
carbon disulphide forms Sg and an oxide of 
carbon ; in the cool flame, SO and CS bands 
are shown. The emitter in the cool flames of 
ether, acetaldehyde, propaldehydc, and hexane, 
is formaldehyde, which is formed in an activated 
state and displays its fluorescence spectrum. 
The process is again one of chemiluininescenct'. 

In general, emission spectra are determined 
by two main factors : {a) the probability of the 
electronic transition, and {h) the kind and 
number of collisions which the excited molecule 
may encounter. The radiative life c^n be (cal- 
culated when the absorption sjiectrum is quanti- 
tatively determinable. For absorption tlie 
transmitted intensity 7 is given by 1 I 
where Iq is the incident energy, I the length of 
the light path, and a the absorption coeflicient. 
roo 

For a given band I a . is a measure (usually 
Jo 

obtained by graphi(c integration) of the total 
absorption. the number of molecules j)er 

c.c. in the initial state for absorption, can bo 
obtained by using the Boltzmann faet-or orEIkT 
and the a priori probability, pj, of the state. 
If there is no degeneracy this probability, or 
statistical weight, is unity ; if there are two 
superimposed levels it will be 2, etc. In the 
simplest case of a transition from state 2 to state 
1 the life r of the excited molecule is the re- 
ciprocal of the transition probability Agj. This 
is given by Tolman’s expression : 

f a.dv. 

Jo 


Quantitative spectrophotometric data may be 
used to determine the oscillator strength /. If 
stands for the number of absorbing mole- 
cules ]>er c.c. and Nei, the number of dispersing 
electrons per c.c., 

A\;l./Vabs.=-/ {wc“/7r(?“) a . rirj. 

The transition probability A^i is given by 

-■< 21 = ( X /= (Pil'Pi) v-x0-61f. 

The excited OH radical has t--4x 10~® see., 
w'hereas for excited CN it is about 1 x 10~^ see., 
the latter figure being typical for transitions 
].•ermitted by selection principles. 

Tlie period betw'tcen collisions, derived from 
the kinetic theory of gases, is about l*3x lO-^** 
see. for air at N.T.F. In works on molecular 
spectra the collision life is the average time for 
a!) excited molecule to be dt;aetivated by col- 
lisions. At low gas-pressures the number of 
collisions may lx; 10^ jxt second, and if the 
excited moleixile has a radiative life of 10~^ 
.see., deac'tivation by collision may become very 
efli(.‘ient. Thus the fact that oxygen inliibits 
the First Positive band system of nitrogen 
show'.s that the excited molecules lo.se their 
energy more readily by collisions than by 
spontaneous emission of light. On the other 
hand, the long-persistent glow of active nitrogen 
is an instance of the opposite effect. Experi- 
mentally, the collision life is best studied by 
folio w'ing the quenching of fluore.sccnee by in- 
creasing the pressure or introducing foreign 
molecules. 

The I'ollow'ing works are valuable for a fuller 
study : — 

W. Jevons, “ lleport on Band Spectra of Diatomic 
Molecules/’ Physical Society, London, 1932. 

ii. Herzb(^rg, “ Molecular Spectra and Molecular 
Structure,” Prentice- JIall, 1939. 

It. de Ji. Kronig, ” The Optical liasis of tfle Theory 
of Valency,” Cambridge, 1935. 

It. \V. li. Pearse and A. O. Caydon, ” The TdentifJ- 
cation of Molecular Spectra/’ C’hapman and Hall, 1941. 

A. G. Gaydon, ” Spectroscopy and Combustion 
Theory,” Chapman and Hall, 1942. 

H. iSponer, ” Moiekulspektren,” 2 Vols., J, Springer, 
1035 ; .Sponer and J'eller (llev. Mod. Physics, 1941, 13, 
75). 

{b) SomrTioN Spectra. 

Notation .—Incident light of intensity /A is 
w'eakened by passage through a small thi(;knes8 
I of medium in accordance with 

-~dIX~aIXdl or -~d7A//A «d/. 

By integration, putting Ix^Iq for /=0, h^g 
i.e. 7=/oe~«^ (Lambert's Law), 
indicating that each suecemive layer absorbs 
an equal fraction of the light. By r<'- 
pladng e (natural base) by 10, I — U)~Ef, 
and K is the extinction coefficient of Buiisen 
and Roscoe, defined as the reciprocal of the 
thickness {I cm.) needed to W'caken the light to 
one-tenth of its incident intensity, i.e,, 

log {IJJ)=Kl=^E (extinction). Absorption will 
then be proportional to the number of molecules 
in the light path, e.g., a 1-mm. layer of m. solu- 
tion will exert the same effect as a 1-cm. layer 
of 0-1 M. solution, or a 10-cm. layer of 0 01 M. 
solution : 


/==/o • 
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Heads of the Swan System of Cg 
(after Jevons). 


A. 

V. 

/. 


A. 

V. 

/. 

v’ v". 

6,677*3 


1 

2, 5 

6,501*9 


4 

3, 4 

6,599*2 


1 

3, 6 

6,470*3 


2 

4, 6 

6,533*7 


2 

4, 7 

6,165*2 

19,355 

10 

0, 0 

6,480*5 


2 

5, 8 

6,129*3 

19,490 

6 

1, 1 

6,442*3 


2 

6, 9 

6,097*7 

19,611 

1 

2, 2 

6,191*2 

16,147 

3 

0, 2 

4,737*1 

21,104 

9 

1, 0 

6,122*1 

16,330 

4 

1, 3 

4,715*2 

21,202 

8 

2, 1 

6,059*7 

16,498 

3 

2, 4 

4,697*6 

21,282 

7 

3, 2 

[ 6,004*9 


3 

3, 5 

4,684*8 

21,340 

4 

i 4, 3 

5,958*7 


2 

4, 6 

4,678*6 


2 

6, 4 

5,923*4 


1 

5, 7 

4,668*7 


1 

6, 5 

5,635*5 

17,740 

8 

0, 1 

4,382*6 

22,812 

2 

2, 0 

5,585*5 

17,899 

8 

1, 2 

4,371*4 

22,870 

4 

3, 1 

5,540*7 

18,043 

6 

2, 3 

4,365*2 

22,902 

6 

4, 2 

v"— 0 

1 


2 


3 


4 


v' 

-0 

19,355 

1,615 

17,740 

1,693 

16,147 






1,749 


1,750 


1,752 





1 

21,104 

1,614 

19,490 

1,591 

17,899 

1,569 

16,330 




1,708 


1,712 


1,712 


1,713 



2 

22,812 

1,610 

21,202 

1,591 

19,611 

1,568 

18,043 

1,545 

16,498 




1,668 


1,671 




1,673 

3 



22,870 

1,588 

21,282 

1,620 

22,902 

1,562 

21,340 


18,171 


The wave-number differences are not quite constant, but the expression 
reproduces the data with some aci^uraoy. 

If the ground state is ^TIu the ^77^; state is about 19,379 cm.“^ higher, and the frequencies 
tx}' and oi" calculated for infinitesimal amplitude are a>/ 1,041*7 and 1,792*5 cra.“^, with x/coe' 11*7 
and Xc'tD^" 19*3 cm.~^. The dissociation energy [C(*'*P)-f C (^JP)] is 87 kg. -cal. 

The numbers in diagonal rows are seqvenceSy e.g.y 19,355 {0, 0), 19,490 (1, 1), and 19,611 (2,2). 
The more widely spaced numbers in the horizontal or vertical rows form 'progressions y e.g,y 
19,355 (0, 0), 17,740 (0, 1), and 10,147 (0, 2) (v'=0 progression). In the Swan system the 
bands are degraded to the violet and are single-headed. The sequences are quite evident. 


where c is molar concentration, I is thickness in 
cm., and € is the molecular extiiu^tion co- 
efficient. In certain types of work it is more 
convenient to write 


I ~ I Qor^rrkllX (7*=0*1832€cA, A in cm.). 

The density E is equal to eel, and K^i stands for 
log {IJl) for an Lem. layer of solution of con- 
centration c. This notation is used to specify 
actual observations, since most spectrophoto- 
meters are graduated on a scale with log (/q/I) 
(E) values of 0*1, 0*2, 0*3, etc. In referring to 
experiments with products of unknown mole- 
cular weight or mixtures, c may be expressed in 
percentage (wt./vol.) of solute. Thus if a 0*3- 
cm. layer of a 0*25% solution transmits one- 
tenth of the light at 285 m/x., 

^ 0 - 25 % 


and 


E 

0'3 cm. 

(286 : -- ^ = I3-3. 


1 cm.' 


0*25x0*3 


Spectral absorption-curves may bo plotted 


showing molecular extinction coefficients c 
against A (in A. or m^.). It is sometimes more 
convenient to plot log c against A. Many 
workers have used, instead of A, 1/A (wave 
numbers) or v~^cj\ (frequency) where c is the 
velocity of light (3x lO^*’ cm. per sec.). 

Technique . — {See W. R. Brode, “ Chemical 
Spectroscopy,” New York, J. Wiley and Sons, 
Inc., 1943, Chap. Vlll.) 

(a) Visual Determinations . — Light from a 
continuous-spectrum source passes through two 
cells, one containing solvent and the other the 
solution under investigation. Two images are 
projected on to the slit of the spectroscope, and 
the beams are made parallel by a biprism or 
some alternative optical device. The solute will 
weaken the light to an extent varying with the 
wave-length, and this can be matched by 
mechanical or other methods of reducing the 
intensity of the comparison beam. Polarising 
photometers (Hilger-Nutting, Bausch and 
Lomb, Konig-Martens, Hardy) employ two 
beams polarised in opposite directions and 
made parallel by a second (analyser) polarising 
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priHii], wliich on rotation reduces the intensity 
of the conipariHon beam by amounts which can 
be r('ad oft on a graduated scale. The accuracy 
attainable depends upon a variety of conditions, 
but with newer types may be better than 
:[:4%. A bigh-sj)eed sector has been success- 
fully used in the Keuft’el- Esser photometer. It 
d(*j)endR upon the fa(‘t that a rapidly flickering 
light of high intensity is visually the same as 
uninterrupted weaker light. 

{h) Objective JJeie/nninationfi.— The most trust- 
worthy data aie obtained by methods involving 
the use of monoehromatie light and the measurt*- 
nicnt of transmission through the solution and 
the solvent cells by photo-electric cells. Miudi 
depends on the degree of monoehromatism, and 
it is necessary to use a large number of wave- 
lengths if the solute exerts resolved absorption, 
but under favourable conditions molecular ex- 
tinction coeftici(*nts can be determined to better 
than ift‘1%. The best results are obtained 
using null methods. For infra-red rays a 
thermopile can be used instead of a photoelectric 
cell, whilst for ultra-violet rays quartz photo- 
electric cells are available. The Hardy record- 
ing spectrophotometer (made by the General 
Electric Company) is almost fully automatic, 
and although too costly as yet for most workers 
has justified the labour devoted to it. 

The Beckman quartz photoelectric spectro- 
photometer (Cary and Beckman, J. Opt. 8oc. 
Amor. 1941, 31 , <>82), marketed by the A. H. 
Thomas Co. of Philadelphia, has proved out- 
standingly siKicessful to a large number of users. 
It is a self-contained instrument with a quartz 
prism serving as a monochromator. There are 
two easily exchangeable light sources, one a 
tungsten lamp suitable for the visible and ultra- 
violet as far as 3,200 a. and the other a hydrogen 
tube of convenient size and good performance 
providing a continuous spectrum for the whole 
of the “ quartz ultra-violet ” region. The 
instrument operates on an electronic circuit 
and makes use of twin photoelectric cells and a 
built-in electronic meter for translating photo- 
electric currents into direct readings of per- 
centage transmission and density. The resolu- 
tion achieved is adequate for most research and 
control investigations of solution spectra and 
with careful use highly reproducible results are 
obtained; the accuracy in an absolute sense 
exceeds that obtainable by photographic 
methods by a factor of from 6 to 10. This fact 
enables spectrophotometric analyses to be 
approached in novel ways. The large-scale 
production of photoelectric spectrophotometers 
of adequate performance is a war-time develop- 
ment of great significance. 

(c) Photographic Determinations . — Given a 
constant light source showing a continuous 
spectrum, two photographs of the spectrum may 
be taken using equal exposures in one case with, 
and in the other case without interposing an 
absorbing material in the light path. Blacken- 
ing of the negative will be less for those wave- 
lengths at which the material absorbs. The 
darkening of the photographic negative can be 
measured accurately in terms of transmission 
through the plate, recorded by a thermopile 
and galvanometer or by photoelectric methods. 


One successful technique consists in taking several 
spectrograms of the source without varying the 
exposure, but in each case reducing the intensity 
by a known amount by some mechanical device 
(screens, grey w^edges, diaphragms, etc.). A 
registering microphotometer traces the varia- 
tions in blackening both for the f ontrol spet^tra 
and the solution spectrum, the wa\o-lengths of 
intersection (match points) providing the data 
for spectral absorption-curves. 

Alternatively, match points may b(‘. read oft’ 
visually from ])airs of photographs, as in the 
plates obtained with rotating sector photo- 
meters and the new “ Spekker ” photometer. 

The adjustment of spectrophotometric ap- 
paratus may be checked by determining the 
absorption of an easily accessible substance 
wdiich has been thoroughly studied, e.gr., 0-003 n. 
potassium chromate in 0-05n. potassium 
hydroxide solution, data for w^hich are as 

follows : 

Aiuax. (A.). fmax.* Amin. (A.). €mln.* 

2,725 3,b<>0 2,200 752 

3,715 4,830 3,125 203 

Inorganic Conn pounds. — Solutions of in- 
organic substances are in a very large number 
of cases transparent in the region 2,000-8,000 A. 
Thus the ions Na+, K'^', etc., and NHJ, Ca++, 
Ba++, etc., ow e their lack of selective absorption 
to completed outer shells of electrons. The 

ions CIO4 and SO4 " likewise are trans- 
parent. The NO^ ion shows a weak band, 
Amax. 3,020 a., emax. 0 4, du(^ to a forbidden 
transition which only oc(*urs w hen coupled with 
certain vibrational frequi'inic's, although inter- 
molecular 8tark effects in solution (modifications 
brought about by strong (dcctric fields) smooth 
out all evidence of structure. At —250'' crystal- 
line nitrates exhibit vibrational frequencies (350 
and 750 cra.“^), but tlu; loi.'ation of the absorption 
depends on interionic forces : 

C’rystal. KNO 3 . NaN 03 . Ba(N 03 ) 2 . 

r 3,040 2,915 2,775 (at room tom- 

Amax 1 perature). 

I 3,070 2,870 2,725 (at ~ 250"). 

If changes in concentration leave the molc<‘ular 
extinction coefticient unchanged, Beer’s law is 
obeyed. Departures from the law^ indicate some 
significant change in the system, e.g . : 


Sulpliur dioxide in water. 



Amax. (A.). 

log Cmax.- 

04)04 M. 

2,750 

182 

0 ()4 M. 

2,750 

2-2 

01 M. 

2,750 

2-4 

0-4 M. 

2,750 

2-2 


Sulphur dioxide in hexane 
(Beer’s law obeyed. Solute not solvated). 

Anuw. (A.). log €mau. 

2,900 2-4 

The following equilibria obtain : 

SOa-f H2O ^ H2SO3 ^ H + + HSOa” 

and the solvated sulphur dioxide is the only 
selectively absorbing constituent. 
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Departures from Beer’s law in concentrated 
nitric acid indicate formation of ion pairs 
(Amax. 2,650 A. in I6N-HNO3 orO-lSN-HNOg 
in 9N-HCIO4), but nitric acid in pure hexane 
merely shows an inflexion near 2,800 a. similar 
to that shown by ethyl nitrate. 

Solutions of permanganates and also crystals 
at low temperatures exhibit electronic band- 
spectra in the visible and in the ultra-violet, 
characterised by a number of equidistant bands, 
the frequency separations of which correspond 
with totally symmetrical vibrations (expansion 
and contraction of the MnO^ tetrahedron). 
The selective absorption is due to the fact that 
the ion possesses an iiu-omplete shell of electrons 
well shielded by valency electrons. 'The tetra- 
hedral ions of most of the transition elements 
show essentially similar spectra, in marked con- 
trast to the transparent CIO4, SO4 and 
P04~“ ions. The rare-earth ions also owe 
their highly selective absorption to shielded, 
iiicomplete electronic shells, but new compli- 
cations arise in certain cases. Thus neodymium 


chloride hexahydrate crystals at —260® exhibit 
electronic transitions coupled with internal 
vibration frequencies of the molecules, as well 
as various modes of lattice vibration. Neo- 
dymium chloride and bromate exhibit structure 
(under these conditions) indicative of vibration 
frequencies 1,640-1,650 cm.~^ with ordinary 
water of crystallisation, and 1,199-1,238 and 
1,431-1,481 cm.~^ with deuterium oxide of 
crystallisation. From other data the values 
of these inner vibrations are 1,615 cm.~^ 
or 1,220 and 1,460 cm.""^, respectively. With 
europium salts the spectra are so sharp that 
inner vibration frequencies can be determined 
at room temperatures. 

Absorption Spectra of Organic Com- 
pounds.^ — Methane and ethane show selective 
absorption in the vacuum ultra-violet region 
only (1,200-1,300 A.), but replacement of 
hydrogen by alkyl groups brings about dis- 
placements towards longer wave-lengths (c/. 
Ti-hcxane, 1,530 a.). Ethylene absorbs in the 
region 1,300-1,750 a., showing a number of 


Table I. — Absorption Data for Typical C-ompounds Containing Ethylenic Linkings. 



Amax., ni/i. 

^inax.« 

Solvent. 

CH2-CH2 

Ctt. 180 

ca. 10,000 


CHg-CH— CH = CH2 

217 

21,000 

Hexane 

CH2=CMe— CMe^CHg .... 

224 

20,000 

Hexane 

CHj-CH—CHg—OH .... 

<195 

ca. 10,000 

Hexane 

CHg— [CH-CH]2— CHg— OH . . 

m. 232 


Alcohol 

CHg— [CH-CHJg— CHg— OH . . 

268 

53,100 

Alcohol 


( 274 

4,200 'I 


CHg— [CH-CHJ4— CH3 .... 

J 284 
] 296 

8,400 1 
12,000 f 

Hexane 



12,000 J 


CHg— {CH-CH]4— CHg—OH . . 

310 

44,700 

Alcohol 

r 330 

5,800 'I 


CH3 -[CH=^CH]s-CH 3 .... 

J 340 

1 360 

10,600 1 
16,000 f 

Chloroform 


[ 372 

11,400 J 



sharp bands, the fre<iuencic8 of which fit into a 
Rydberg formula ; 

C2H4 : VQ{n)=^ 84,750-i?/(ri-f 0-91 )" ; 
n=2, 3, 4, etc. 

C 2 D 4 : ro(w)-84,850-i?/(7i4-0*92)2 ; 

n— 2, 3, 4, etc. 

and converge to an ionisation potential of 
10-45 V. 

Wave-mechanical theory distinguishes be- 
between localised electron-pairs responsible for 
directed valency {a electrons) and “ mobile ” 
electrons (tt) which cannot be paired according 
to their spins in a unique way to fit an ordinary 
structure; the latter are not strictly localised 
and in planar molecules are antisymmetrical 
to the plane of the C-C links. The character- 
istic alworption of ethylene is due to the excita- 
tion and removal of a tt electron from the double 
bond, and the greater transparency of the 
saturated hydrocarbons reflects the higher 


frequencies necessary for ionisation by breaking 
fer]^ C-C or C-H links. Ethylene exhibits 
vibrational structure [C2H4, J(cm.~^) — 1,370 ; 
C2D4, 1,290] corresponding with the totally 
symmetrical valency frequency of the double 
bond. Butadiene exhibits resonance between 
conjugated double bonds. A progression of four 
diffuse bands occurs near 2,170 a. (d 1,440 cm.~^). 
Other electronic states give rise to absorption at 
higher frequencies, and below 1,520 A. vibration - 
less transitions lead to ionisation (9*02 v.). 

Po(n)=73,116-i?(w-fO-90)2; w=2, 3, 4, etc. 

- 73,006 -ii;(n-f- 0*50) 2; w-3, 4, 5, etc. 

The ionisation potential is further diminished 
with alkyl substitution. 

The ethylenic linkage constitutes the simplest 
chromophore or absorbing entity in the study of 
organic compounds in solution, since all fully 
saturated hydrocarbons (e.g., cholestane, preg- 
nane, decalin) are transparent to radiations of 
wave-length >200 m/a. 
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The following generalisations facilitate the 
interpretaition of results for organic com- 
pounds : 

1. Certain groupings, CnHgn+i, OH, etc., 

are transparent in the region 200-800 

m/x. 

2. Functional or chromophoric groupings 

(— CH = CH— , >C-0, — N-N—, 
CgHg — , CjoH, — , — NO, etc.) give rise 
to selective absorption. This may under- 
go displacement in the direction of 
longer wave-lengths, according to the 
complexity of the molecule containing 
the simple chromophore. 

3. Simple chrornophores differ in respect of 

intensity of absorption (probability of 
a given electronic transition) ; thus 
>C— O in the middle ultra-violet gives 
rise to much weaker absorption than in 
the region 200 m/x., where both >C- O 
and — CH — CH — show intense absorp- 
tion. 


4. In a molecule containing two simple 

chrornophores, the observed absorption 
is simply additive, provided that the 
chrornophores are insulated, i.c., sepa- 
rated by one or more CHj groups. 

5. When two chrornophores are conjugated 

they may exert considerable mutual 
effects, or be merged into a complex 
chromophore. 

G. Certain groupings {e.g., — COOH), which 
are not in themselves powerful chromo- 
phores, may' induce considerable dis- 
placements of selective absorption caused 
by other chrornophores from which they 
are not insulated. 

7. In many large molecules separate portions 
can sometimes function independently, 
and the observed absorption spectrum 
may be made up of “ partials.” 

The above generalisations provide little more 
than an introduction, but examples will illus- 
trate their utility. 


Table 11. — Absorption Data for Ketones. 




Cmax.- 

Kemarks. 

CH 3 COCH, 

279 

15 

The whole range of aliphatic 

(CHglgC'CO'C (C H 3)3 

29G 

20 

ketones shows similarly 
feeble but selective absorp- 
tion in this region. 

(CHalaC^CHCOCHa .... 

327 

40 

CO band displaced from 210 

mfM. 


220 

12,G00 

— CH=CH — band displaced 
from 1 85 mp,. 

CH 3 [CH=CH],COCHa . . . 

2G4 

20,800 

— [CH^CHJg— band dis- 
placed from 220 ^m. 

(CH3)2C=CHCOCH=C(CH3)s, . 

375 

80 

CO band displaced. 

295 

23,r)(K) 

Ethylenic absorption in- 
fluenced by conjugated 
groups. 

CH3[CH = CH]jCHO .... 

270 

20,500 

— [CH^CHJg — band dis- 
placed. 


It is convenient to consider the absorption of 
ojS' unsaturated ketones as made up of the 
summation of : 

(a) ketonic absorption, 

R— C— C=C(^ 

II* ^ 

O 

the * indicating the site of the process 
(Ainax.>275 m/x., cinax.<CllW)), and i 
b) ethylenic absorption, 


It has been found that the displacement of the 
ethylenic absorption is of diagnostic value. 


Substitution. 

* 

^iDaz.> rilfjL. 

No. of 
Examples. 

II 

I 

I 

218 


Mono, a and p 

225±5 

6 

Di, ap or pp . 

239±6 

3G 

Tri, app 

254±5 

9 


R—C 

II 

O 



of high intensity, the act of absorption 
being connected primarily with a mobile 
electron, and the location depending on 
the substituents aPp. 


The spectra of polyenes generally show that 
progressive displacements of absorption maxima 
in the direction of longer wave-lengths, and step- 
wise increments in intensity of absorption, ac- 
company increasing number of conjugated 
double bonds {see Table I). The system of 
( — CH=CH — )n oscillators can be regarded os a 
single oscillator with the same coefficient of 
restoring force, k, and mass proportional to w. 
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The energy levels for an oscillator of mass 7irn 
are given by : 

(?;— 0 to 1) and 

27rvQ'-^\/{Jcj7i'm)^ 

where Vq is the frequency of the first absorption 
band, and XQ—27rcl\/i/cl'tm) or 
i.e.y Ao“=//w. On plotting against w a 
straight line may be obtained, c.(/., with the 
diphenyl polyenes, for which it cuts the jl axis 
at “4*7, so that vn this series each })henyl group 
is equivalent to 2*35 double bonds. 

As in simple molecules, higher vibrational 
levels involve increasing anharmonicily, and 
there is some evidence that with r - 2, second- 
order bands may be observed, e.gf., the 270 m/t. 
absorpticm often seem in carotenoids. In the 
^-polypheny Is the inteniuclear link is of a 
type intermediate between a single and a double 
bond, and the molecules are, to some extent at 
least, resonating as a wdiole and behaving as 
linear oscillators. The analogous serievs of />/- 
polyphenyls, on the other hand, all show absorp- 
tion near 253 mg,., wdth molecular extinction 
(^efficients consistent wdth a “ senii-diplienyl " 
ehromophore functioning additively. 

3die spectra of polyc^yelic hydrocarbons (at 
least in so far as the location of the first absorp- 
tion region is concerned) ma}^ be predicted by 
the methods of wave mechanics. In order to 
calculate C-C distances and tlie location on the 
wave-length scale of absorption, one experi- 
mental quantity, a or J, is nt'cded. This is cal- 
culated from heats of hvdrogenation and is given 
by Sklar (J. Chem, Hiysics, 1937, 5, 669) as 
l*92e.v. (44 kg.-cal. per g.-moh). Benzene is 
treated as a six-electron system with spin 
degeneracy only, and the single c'xchange 
integral between adjacent carbon atoms is a. 
The data for a number of polycyc^lic hydro- 
carbons being taken into account, a bc^tter 
figure for a is 2- 11 e.v., but the work represents 
only a first approximation. 

Benzene may be used as an example of the 
relatively small number of organic compounds 
yielding well resolved spectra. It shows 

(a) banded emission produced by a Tesla coil 
discharge through benzene vapour. The 
spectrum consists of evenly spaced 
groups of bands degraded to the red, and 
resembling the sequences shown in the 
spectra of diatomic molecules. At least 
25 heads may be recognised*in the region 
2,60(1-2,904 A. 

(5) a somewdiat similar spectrum in absorp- 
tion, given by benzene vapour, liquid 
benzene, or solutions. The bands are 
evenly spaced and degraded to the red. 
In solutions they arc shifted towards the 
red and less sharp, except at very low 
temperatures. They extend from 2,275 
to 2,680 A. and show quite low molecular 
extinction coefficients. 

(c) a fluorescence spectrum (benzene in solu- 

tion), in essentials similar to the emission 
spectrum, and covering the range 2,650 
to 3,005 A. 

(d) other more intense bands in the more 

distant ultra-violet. 


Spectra of Benzene. 

{Of. »Sponer and Teller, Rev. Alod. Pliys. 1941, 
13, 140.) 

Absor])tion and fluorcsceiue bajids 2,200- 
2,80(^ A. 

band (calculated) at 3S,0S9 

cm.~^ 

- ground state, d'rarisition is forbiddcui 
according to selection nih's, but be(‘oin(*s 
allowa*d by excitation of vibrations (type j. 
(Scries reveakal by analysis ; 

Series. 

A r - 38,089-f 520-)- ' > 923 - c/' > q ()2 
+ C 3 > (-too 210 ). 

B V 38,089 ()0()-44 ?’/ K 923 ^ 992 

-f ^2 ^'3 ' 160. 

0 c 38,089+ 520 - 2 60()-4+ ?'/ < 923 
4 2,565 v.^y KiO. 

1) - 38,089 f 520 -(kui-d x 24-?’/x 923 

— CyX 1 () 0 . 

E v-38,089+ L480 + r/v 023. 

E r 38.089- 1,591) C 3 • RJO. 

0 V 38.089 j 520 f 249 - 2 | c/ v023 

— /+ < 160. 

H r- 38,089 -r 3 ^ 160. 

with rj'=^0, 1, 2 . . .; r/' 0, 1, 2; r^' =0, 1 ; 
r 3 - 0 , 1 . . . 

Ring vibrat ions C-C . co" 992 a/ i)23 (a^g). 

6064, 520, 1,480, 

(f,; ). 

400, 240 (4). 

ValeiK'c vibiation C-H. 2,565 (‘in.“^. 
Absorption bands . . 1,850 2,050 a. 

Transition forbidden but Ik'couios allow'cd by 
excitation of type vibrations. Bands much 
stremger Ixaausc of proximity to allowed systcun 
at 1,770 a. Diffuse bands, 9()5 and 160 cm.“^ 
progressi(jns. 

Absorption bands 1,650-1 ,850 A. -> ^Eg 
very intense sharp bands, also 1,360-1,600 a. 
^A^g^ absorption bands forming a Ryd- 
berg series. 

{See Hponer and Teller, I.c., for wavc-mechani- 
cal treatment and notation.) 

Benzene affords a link between the kind of 
data obtained with diatomic molecules and those 
characteristic of larger organic molecules. 
Polyatomic molecules show a great variety of 
vibrational frequencies, the anharmonicity of 
which is often marked, and a full analysis of 
I vibrational and rotational structure is often 
quite impossible. The molecules, moreover, 
may exhibit several possibilities of dissociation, 
and may possess numerous excited states, the 
instability of which results in continuous or 
diffuse spectra. 

Many workers are exploring the subject, and 
an important body of knowledge on the elec- 
tronic structures of polyatomic molecules is 
being accumulated. This field is difficult to 
summarise, largely because much of the work is 
tentative and involves an elaborate apparatus 
of notation and a specialised mathematical 
approach. 

Almost independently of this branch of 
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chemical physics, a great deal of work has beeu 
directed towards the more empirical study of the 
continuous absorption spectra of organic sub- 
stances in solution. Many such materials are 
not volatile without decomposition, and the kind 
of information to be gained is of more interest 
to organic and bio-chemistry than to chemical 
physics. The main objective is the correlation 
of selective absorption with chemical constitu- 
tion, and subsidiary aims are the use of absorp- 
tion curves as an aid to the diagnosis of mole- 
cular structure, and the use of quantitative 
spectrophotometry as an analytical tool. Recent 
work on vitamins and hormones may be used to 
illustrate this aspect of the subject. 

Compounds containing the oestrane {cyclo- 
pentanophenanthrene) ring system, 


19 



in fully saturated derivatives (hydrocarbons, 
alcohols, etc.) are transparent down to 2,100 a. 
Absorption data for oilier derivatives are sum- 
marised below. 



Afuai. * 
lll/x. 


Androsterone [C = 0 at 17, 



OH at 3] 

205 

43 

Testosterone tC=*0 at 3, OH 



17, A^:5 double bondl . . 

238 

12,600 

A3:7-Andro8tene-3:17-diol . 

293 



281 

8,120 


270 


j3;5-Andro8tene-3-one-17-ol . 

280 

14,300 

J^:3-Andro8tene-3:6:17-trioiie . 

252 

ca. 10,500 

A2:4.cholestadiene .... 

275 

5,500 


267 


j3:5-Chole8tadiene .... 

240 

14,000 

j5j7.chole8tadienol-3 

293 


(7-dehydrocholesterol ; also 

281 

11,900 

ergosterol) 

270 


A^!<-Chole8tadiene .... 

238 

24,000 

A ^!<-Cholestadienol 

238 

8,300 

A <;•:!» -Cholestatrienol . . 

825 

high 


The above examples show that the intensity, 
location, and degree of resolution of selective 
absorption depend to a great extent on the 
arrangement of double bonds in the ring system. 
A sufficient body of data is now available to 
permit the recognition of conjugated double 
bonds in rings a, b, c, and n, and the process of 
fixing the structure of similar polycylic bodies is 
facilitated. There is, however, no satisfactory 
theory to cover the observations. 

As is well known, vitamins- Dj and -Dj may be 
prepared by irradiation {ca. 2,800 a.) of ergo- 
sterol and 7-dehydrocholesterol, respectively. 


The latter substances are provitamins (i.e., 
photochemical precursors) which undergo a 
series of changes typified by the following : 
ergosterol lumisterol tachysterol -> cal- 
ciferol (vitamin- Dg) -> toxisterol suprasterols 
-> further decomposition products. Each step 
is accompanied by a change in absorption, but 
at any instant several products ma} be present. 
Spectrophotometry is of value in the study and 
control of the irradiation process, as well as in 
assessing the purity of samples of provitamins 
and vitamins-i>. 

The same cyclopentanophenanthrene skeleton 
enters into the structure of the secondary sex 
hormones cestrone, mstradiol, cquilin, and 
equilenin {v. Vol. VI, 2006, c). The two former 
hormones exhibit Amax. cmax. ca. 4,500, 

agreeing well with spectra of xylenols, and 
showing clearly the benzenoid structure of 
ring A. Equilenin, which has the full number 
of double bonds in rings A and n, shows a 
spectrum closely similar to that of j3-naphthol. 
The adrenal hormones (corticosteroms etc., v. 
Vol. VI, 2776) afford good in.staiices of absorption 
spectra used to diagnose aj3- unsaturated ketones. 

The absorption spectra of carotenoids, 
vitamin- A, and similar substances arise in the 
main from systems of conjugated double bonds, 
and the location and resolution of the observed 
absorption is a useful guide to structure. A 
wide variety of analytical problems are amenable 
to study if the absolution maxima of carotene 
(ca. 450 ni/u., in hexane) and vitamin-A (328 
Difi.) are used as criteria. These polyene sub- 
stances give rise to blue colours when treated 
with anhydrous antimony trichloride in chloro- 
form. The precise location and intensity of the 
absorption bands shown in the colour tests are 
much used in analytical work. 

The A" -vitamins provide a good example of 
molecular six'ctra used in constitutional investi- 
gations. Vitamin- A (2-methyl-3-phytyd-] :4-naj)h- 
thaquinone) and vitamin- A'g (2-methyl-3- 
difarnc.syl-l:4-naphthaquinone ; see, however, 
Vol. VTI, 90a) exhibit spectra qualitatively 
the same as that of any 2:3-dialkyl-l:4-naphtha- 
quinone : 



Amax. 

log enjftx,. 

2:3-dimethyl-l :4-naphthoquinone 

2,430 

4-26 


2,490 

4-26 


2,600 

4-28 


2,690 

4-28 


3,300 

3-38 


The molecular extinction coefficients are 
approximately constant. 

This highly characteristic absorption may be 
linked with the spectra of simpler substances. 
Thus l:4-benzoquinone shows a strong band 
with Amax. 2,410 A., emax. 22,700, and a weak 
band near 2,930 a. 8alicylaJdehyde and o- 
hydroxy - acetophenone are spectroscopically 
similar, showing AAmax. 3,250 and 2,550 a., 
log € 3*5 and 4 0, respectively. Now the K- 
vitamins and related products may be reduced 
catalytically so that only the non-quinonoid 
ring is affected, and the resultant material shows 
two maxima, at 2,600 and 2,700 a. (log e ca. 4-23). 
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This led to the study of quaternary salts : 





The substituted 1 :4-naphthaquinones therefore 
show spectra accounted lor by a simple sum- 
mation of (tt) and (h). 


CO 



^max. (a.) 

log Cjuax.. 

2,430 ' 

402 

2,496 

4-026 

3,290 

303 

max. (^.). 

log eiuax.- 

2,f)00 

4*2 

2,700 

4-2 


The case of ancurin (vitamin -Bj, see Vol. J, 
6836) is of special interest. 


Me 


c!: CH,— N— 


Cl 


-CH 


CH 


-CMe 

II 

CCH2CH2OH 


By the action of sulphite at room temperature a 
quantitative cleavage takes place : 

Ci 2 HieN 40 S, 2 HCI 

CjH.NjSOj+CeH.NSO+SNaCI. 

Acid (I). Base (II). 

The basic fragment reacts with hydrochloric acid 
to give CgH^NSCI and water, without appreci- 
able alteration of the absorption spectrum, 
suggesting replacement of OH on a side chain 
by Cl. The probability that the sulphur formed 
part of a ring led to a comparison with thiazoles : 



Ama-T. (A,). 

^max.> 

Hydrochloride of II . . . . 

4-Meth3rlthiazole hydrochloride 

2,620 

4,200 

2,610 

4,000 

2:4-Dimetliylthiazole hydrochlo- 
ride 

2,630 

4,600 

2-Hydroxy-4-methylthiazole 

hydrochloride 

2,480 

4,000 



Amax. (a.). 

^max.. 

Methiodide of 11 

4-Methylthiazole ethiodide . 

2.270 

2.270 

12,600 

13,200 


Synthesis ol‘ 


N 


-CMe 


CH CCOOH 

gave a product identical with that obtained 
from (11) by oxidation with nitric acid. 

The amino sulphonic acid (1) splits off 
ammonia to yield an oxysulphonic acid. 


CeH,N 3 S 03 

J. 


HCI 


CeHgN^SO^+NHa. 

IV. 


This recalls the lejdacement of NHg by OH in 
the 2-amino- and b-amino- pyrimidines ; 



Ainax. (A.). 

^max.. 

Aniino-sulphonic acid 1 . . . 

2460 

2080 

10,000 

7,000 

Oxysulplionic acid IV . 

2290 

2750 

5,900 

5,800 

2:4-Diinothyl-C-amiiiopyi’imidiiie 

2410 

2600 

9,100 

7,200 

2:4-I)iniethyl-C-oxypyrmddine . 

2280 

2580 

6,200 

6,300 

4:0-l.)iinethyl-2-aminopyriinidiiie 

2270 

2870 

10,000 

4.100 

4':C-] )iniethyl-2-oxypyrimidine . 

2160 

2960 

9,100 

6,900 


The change in absorption when NHj in 
position 6 is replaced by OH is reproduced so 
closely that the jireseni^e of a pyrimidine ring 
with a O-amino substituent was rendered almost 
certain at an early stage in the work. A 
cleavage product of aneurin, obtained by treat- 
ment with liquid ammonia, contained two NHj 
groups, and further comparison with synthetic 
products showed : 



Amaz. (a.). 

^max.« 

Liquid ammonia cleavage pro- 
duct 

2,340 

2,680 

6,600 

5,250 

2:5-I)imethyl-6-aimnopyrimldine 

2,350 

2,680 

7,200 

6,700 

4:5 - Dimethyl- 2: 6- aminopyrimi- 
dine 

2,760 

6,250 

6-Bthyl-4:4-dlaminopyrimldlne 

2,680 

7,400 

4r-Methyl-5:6-diaminopyrimidine 

2,920 

10,800 


The cleavage product treated with sodium in 
liquid ammonia gave, in fact, 2:6-dimethyl-6- 
aminopyrimidine, indicating a methylene bridge 
between the thiazole and p 3 rrimidine portions in. 
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aneurin. The choice between the two methyls 
rested upon proof that a synthetic sulphonic 
acid was identical with one derived from 
aneurin. This i)roof depended upon tht^ identity 
in absorption over a long range of wave-lengths 
of saturated alcoholic solutions of {a) the syn- 
thetic acid, (6) the “natural” sulphonic acid, and 
(c) both acids. This method provides a very 
stringent test of identity, and is a])plicable to 
many substances which dt^ not melt without 
decomposition. 

A quite different approach to molecular sptictra 
may bo illustrated by the work of Warburg and 
his school on the photochemical determination 
of the absorption spectrum of the respiratory 
enzyme {see- Kubowitz and Haas, Rioclicm. Z. 
1932, 255 , 247). The method do})end8 u})on the 
decomposition, by means (jf monochromatic 
irradiation, of the carbon-monoxide addition 
compound. Fifteen convenicMit w'ave -lengths j 
between 2,500 and 0,000 A. being used, the 
respiration of acetic bacteria or of yeast cells 
was reduced to 30% of its initial value by en rbon 
monoxide and restored to 00% by irradiation. 
The absorption spectrum was calculated from 
the intensities, at the different wave-lengths, 
needed to effect such an increase. 

The distribution F=w/(1— n) is given when v 
is the residual activity, and i—n that lost by 
carbon-monoxido poisoning. On irradiation the 
dark value is increased to ni, the light value 
if the intensity is i 

and Vi^ — 

so that 

A V=nil{i—ni)—ndl{l- na), 
and the light sensitivity L is 
L~^{A Vli)IVd. 

={nil{l-'ni)-ndl{l ~nd)]li{ndl{l ~nd)]. 

the ratio CO/Og being constant. 

If NqHv is one molecular quantum, and Zd the 
decomposition constant of the dark reaction for 
the enzyme-CO compound, and is the light 
absorption coefficient, 

LHllN,hv}{plzd}. 

For two frequencies and cg 

A reference line is chosen to obtain relative 
values, the 4,360 -a. mercury line being con- 
venient. All the data are then expressed in 
terms of : 

i8A/^A„=(^A/-£'A„)(\/A). 

and the shape of the absorption curve is shown 
by plotting pxIPtaso against A. 

The following works provide fuller infor- 
mation : 

G. Scheibe and W. Fromel, “ MolekUlspekti’en von 
Lbsungen und FltiSsigkelten,*’ Eucken-Wolf, Hand- 
und Jahrbuch der (Jhemischen Physik, Band JX, 
AbBchitt III-IV, 1937. 

H. Mohler, “ LSsiingsspektren,” G. Fischer, Jena, 
1937. 

a. A. Morton, “ Absorption 8i)ectra of Vitamins, 
Hormones, and Co-enzymes," A. Hilger, 1942. 

R. A. M. 
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MOLECULAR WEIGHT DETERMI- 
NATION. 

Introduction. — PliyKi(‘al methodM for the 
determ iTiation of inolecular weights have en- 
gaged attention for more than a. century, and 
the literat ure on the subject covers a wide range. 
In thi.s necessarily .short article it is proposed to 
summarise the main types of mctliod which are 
u.s('d ; sotiK^ (jf these arc highly spocdalised, but 
ar(‘ incbided cilljer because tliey provide results 
of particular scientific value, or are suited to 
sjK'cial (!ircum.stanct^s, such, for t^xamplc, as the 
availability of a substance in very minute 
amount. Main attention wdll lie given to pro- 
cedures vvhieli are generally a\ ailahU' in ordinary 
eliemical practice, and imuitioii will he made of 
alternative micro-mcthoils, wliich ofttai offer 
advantages (iuit(' ajiart. from (‘conoiny of 
material. 

Th(‘ determinations are ebissilied according as 
the substance under investigation is (1) in the 
gaseous or vapour state, (11) in the lifjuid state, 
(111) in solution, or (IV^) in the solid state. 

1. Gas and Vapour Methods. 

1. Gas Densities. — Gas-density methods ar<'- 
of importance because they are capable of pro- 
viding molecular and atomic weights of the 
highest order of ai'curaey, and, indeed, arc partly 
responsible for establishing tht? values of the 
atomic w'cights of carbon ami nitrogen at prcisent 
aeeeiited. 'riiere are two main experimental 
moditieations ; the methods of limiting densities 
and limiting jinvssures. 

The lirst of these d(‘pc'nd.s on precise measure- 
ments ol’ pressure, volume, and wx^iglit of gas 
contained in a glass bulb; alternatively, in the 
volumeter metliod, the vessel used for the 
pressure and volume measiirenionts is not used 
for weighing the gas, but instead this is ac- 
complished ill a much smaller vessel containing 
materials from wliiidi the gas can be generated, 
or on wdiich it can be adsorbed or condensed 
(e.f/., oxygen from potas.sium permanganate, 
hydrogen from palladium hydride, condensable 
gases on charcoal cooled in bquid air). In either 
case great refinement of techni(juo is necessary ; 
all glass vessels are weighed against similar 
counterpoises, and corrections mu.st be applied 
for the adsorption of gases on glass surfaces ami 
for the alteration of the volume of vessels on 
evacuation. It is also essential to allow for tJie 
deviations shown by gases from the ideal -gas 
laws, and this involves density dcU^rminations 
at different pressures so that extrapolation to 
zero pressure, or zero density, can be carried out. 
For this purpose, Bertlielot’s equation is used, 
i.e., P V q{1"~ AF) where o value 

of the product P 1’ at zero pressure, and A is the 
“compressibility” of the gas. This assumes 
strict linearity of the P V isotherms over the 
range of pressures used (below 1 atm.), and it has 
been shown that for gases not more easifv 
liquefiable than carbon dioxide, this assumption 
can lead only to errors not greater than a few 
parts per 1(W),000. Even for gases as easily 
liquefied as hydrogen chloride, the error involved 
is very small and can be reduced by use of a non- 
linear extrapolation equation, but this is seldom 
necessary. The modern exponent of this work, 


VoL. vill.-~.14 
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Moles, xises the relationship M ~^2’000LqILq\ 
where M is the molecular weight of the gas under 
investigation, Lq is the value of pjP at zero 
pressure for the gas, the corresponding value 
for oxygen, and p is the density in g. per 1. at 
pressure P and In every case the density 
of oxygen is redetermined in the same apparatus 
and uiider identical conditions as those used for 
the gas under investigation ; this provides a 
check on the absolute accuracy of the determina- 
tion, since the normal density of oxygen is known 
with very great accuracy to be 1*42893 g. per 1. 


(mean of 132 measurements by five different 
authors since 1920). For critical accounts of 
gas-density methods, see W. Ramsay and 
M. W. Travers, “ The Experimental Study of 
Gases,” London, 1901 ; “ Les Determinations 
physieo-chimiques des Poids moleculaire et 
atomiqiic des Gaz,” Institut Internationale de 
Coopi^ration Intel lectuelle, Paris, 1938. The 
volumeter apparatus used by Moles and co- 
workers is shown diagramniatically in I^^ig. 1. 

The method of limiting pressures depends on 
the buoyancy microbalance, first applied to the 



Fig. 1. 


determination of gas densities by Steele and 
Grant (Proc. Roy. Soc. 1909, A, 82, 680). In 
principle, it consists of a balance of fused silica 
or Pyrex glass, carrying on one side of the beam 
a (jlosed bulb greatly exc^eeding in volume the 
counterpoise on the other side of the beam. The 
position of equilibrium of the beam therefore 
depends on the buoyancy effect of the medium 
in which it is suspended ; the bulb will suffer an 
effective loss in weight equal to the weight of 
gas which it displaces. Since the bulb is of fixed 
volume, the position of the balance beam will be 
defined by the density of the surrounding 
gaseous medium. The instrument therefore 


serves as a very accurate means of comparing 
the densities of gases and, if one of these is 
oxygen, of determining molecular and atomic 
weights. In practice, the pressures at which the 
two gases have the same density p^^MjV, are 
determined. Applying the Berthelot equation 
to one molecule of gas, since PqVq~RT, 
P=pRT{l~-AP)IM and hence, for the com- 
parison, 

P/P'-32*000(l-AP)/Af(l-AT'), 

where Jf, A, and P represent the molecular 
weight, compressibility, and pressure, respec- 
tively, of the gas under investigation, and 
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32*000, A\ and P' arc the corrcBpondiiig method suggested by Giiye, J. Chim. phys. 1905, 
quantities for oxygon. 3'he ratio P'jP' is 3, 321, “the reduction of critical constants,’' 
determined for a Jiufnber of diiferent densities is, however, open to more serious objection, 
and is extrapolated to zero pressure, when 2. Vapour Densities. — The classical methods 
M 32*000/7^. The im thod has the advantage of Dumas (1826), Hofmann (1808), and Victor 
that it can be rt'adily jeduct'd to the mi(To- Meyer (1878) are so well known and widt'ly 
scale; the bulb of the* balance can be as small described as to requjnj no discussion. Thi^ Vdetor 
as 2 ml., although a \olume of 20 ml. is more Meyer iiH'thod has the advantage that the 
suitable under nonnal conditions. It has there- temperature r)f the heated zone in wliii*h Hu^ 
fore been used lor th(^ determination of the .substance is volatilised need not be known and, 
atomic weights ol rare gases : radon (Gray and possibly for this reason, it has btum developed 
Ham.say, Ihi/L 1010, A, 84, 53<)), neon (Aston, and moditied to a greater extent than the others. 
ibid. 1013, A, 89, *140), xenon ( Whytlaw-Gray, More conij)act modifications have been de- 
Cawa)od, and Hatterson, ibid. 1031, A, 134, 7), scribed by Weiser (d. Physical (!hom. 1910, 20, 
and helium (Taylor, Physic al Rev. 1017, [iij, 10, .532) and by Maciniu's and Kreiling (J. Amer. 
653). The method is attended by certain (’hern. Soc. 1917, 39, 2350), and methods 
p(*culiar difficulti(*s and, if the aj)- 


paratus is small, adsor])lion effects 
ar(' particularly im])ortant. (Cor- 
rection for adsorption of tin* gas 
on tln‘ balance bulb is usually 
eompensated by fuiiiishing Ibe 
(‘ounterjroise <>f the balance* with 
a surfae(‘, in tb(> form of ('itla i ;i 
Hat plat(‘ or an oj)en bnlb, ('quni in 
area to tin* surface of the ehjsed 
huoyancy^ bulb. In this way, with 
very e an'ful matching of surface 
area on each side of the balances 
beam, tin* tdfeet oi adsorjffion is 
automatically <*ane(‘lled out, A 
eorreetion mu.st bo apj)lied (the 
Rayleigh eorn'ction) for the eom- 
pn'ssibility of the bulk, and also, 
wheir it is rigidly attached to the 
balance beam, for a n'sultant 
lateral shift in the cent rt‘ of gravity 
owing to its ehaiige in volume with 
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variation of ju-essure. (biartz-libre 
torsion su.spension is usually'^ used 
for the balanee beam, although 
quartz knife-edge or even point 
susjrensions have been sueeessfuily 
used. Since it is noeessarv to 
determine pressure r*atios at dillei - 
ent densities, the load on the 
counterpoise side of the balance 
beam must be adjustable. Riders 



can be used for this purpose, but 
Stock has developed an electro- 


magnetic method, whereby a 
magnet incorporated in the construction of tin* 
balanee beam is influenced by an aeeurattdy 
measured current in an cxtcriiaJ electromagnetic 
circuit (A. Stock, Z. physikal. Chem. 1928, 139, 
47 ; “The Hydrides of Boron and Silicon,” Cbmell 
Univ. Press, 1933, Chap. XXX ; Lehrcr and 
Kuss, Z. physikal. Chem. 1933, 163, 73). A 
comprehensive review of construction and per- 
formance is given by Stock and Ritter, ibid. 
1926, 119, 333, and some of the main types are 
illustrated diagrammatically in Fig. 2. 

The method of correction of the normal 
densities of gases (be., densities at OV. and 
760 mm. pressure) for deviations from ideal 
behaviour by means of independently deter- 
mined compressi bib ties has not been extensively 
used in accurate molecular weight determina- 
tions although the objections to this proeediirt' 
seem to have been over- accentuated. The 


depending on measurement of increase of pres- 
sure at constant volume by Rleier and Kohn 
(Monatsh. 1899, 20, 505) and by Lumsden 
(J.C.S. 1903, 83, 342). Very high-temperatme 
determinations on substances of low volatility 
w^ere carried out by Nernst (Z. ElektnK'bem. 
1905, 9. 622; Wartemberg, Z. anorg. (Jhem. 
1908, 56, 320) by use of iridium apparatus. For 
very’^ reactive substanees, or for delt'rminations 
at elevated temperatures at which dissociation 
may occur, it is often advantageous to use all- 
glass apparatus of constant volume, and for this 
purpose a variety of all-glass pressure gauges 
is available. These are iiauall}^ used inter- 
mediately, as null indicators, between the closed 
vessel and the manometer proper (for references 
and brief descriptions, we T... Farkas and H. W. 
Melville, “ Experimental Methods in Gas 
Reactions,'’ London, 1939). 
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Satisfactory micro-methods of vapour density volatilise the substance under investigation, 
determination have been devised (J. B. Niederl Some mercury is expelled by expansion and is 
and V. Niederl, “Organic Quantitative Micro- weighed; thisservesasa“blank”forthosub8e- 
analysis,” London, 1938, pp. 175 -183), depending quent determination. After cooling, the mor- 
on the displacement of mercury under controlled cury is removed and a weighed sample of sub- 
conditions. Two types of apparatus are shown stance (5-10 mg.), contained in a suitable 

capillary tube or micro-pipette, 
is introtluced into the vapor- 
|| III iser, which is again completely 



tilled with mercury to the 
outlet of the capillary tube. 
The apparatus is then heated 
to the predetermined tempera- 
ture and, when equilibrium is 
reached, the displacetl mercury 
is weighed. The molecular 
weight- of the suhstance is then 
given by the relationship 
M- wnf jPW where ?/> is the 
weight of the Hample, is the 
gas constant in ml. -mm. per 
degree, T is the temperature of 
the bath in ®K., and P and V 
are the pressure and volume 
of the vapour, respectively. 
V —W—cATjd—v, where W is 
the w'eight of the displaced 
mercury, c is the correction for 
expansion per °c., previously 
determined, AT is the differ- 
ence between room tempera- 
ture and that of the bath (T), d 
is the density of mercury at T, 
and V is the volume of the 
liquid or solid sample intro- 
duced. P ‘Pyr2h-Pz-^PA* 


Fig. 3 (a). 


where 2\ barometric 


pressure, pg vertical 



Fig. 3 (6). 


distance between the mercury 
level in the vaporiser and the 
capillary outlet, is the 
vapour pressure of mercury at 
temperature T, and p^ includes 
corrections for the tomperatun^ 
of the mercury in the vertical 
section of tlie capillary outlet, 
the conversion of the baro- 
meter to 0°(\, and the capillary 
depression of mercury in the 
outlet tube. These corrections 
are to some extent self-cancel- 
ling, and can usually be 
omitted within the ordinary 
limit of accuracy of about 1%. 

Methods of determining gas 
or vapour densities based on 
Graham’s Law of diffusion, or 
effusion, do not seem to have 
found very wide use since 
they were applied by Bunsen 
(“ Gasometrische Methoden,” 
Braunschweig, 1875, p. 128), 


except^in special cases such as 


in Figs. 3 (a) and 3 [b), the former for liquids 
boiling below 100°c. and the latter for less 
volatile substances. The vaporisation vessels 
and the associated capillary tubes are filled 
completely with pure, dry mercury at room 
temperature, and are heated in a liquid or vapour 
bath to a determined temperature sufficient to 


that of ozone (Soret, 1868; Ladenberg, 1898). 
It appears, however, that they are capable of 
providing convenient laboratory methods with an 
accuracy of the order of 1% for reasonably 
volatile substances (Eyring, J. Amer. Chem. Soc. 
1928, 60, 2398). 

The molecular weight of a substance of suffi- 
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cienfc volatility which ia immiscible with water 
can be determined by steam distillation, a pro- 
cess which can be regarded as an indirect 
vapour-density method. The composition of 
the vapour from the distillation is solely a func- 
tion of the respective vapour pressures of the 
immiscible components, i.c., the molecular ratio 
nx/wp in the distillate will be equal to 
Then a determination of the weight ratio 
Wa/Wb allows of calculation of the molecular 
weight of one component if that of the other 
is known, from the relationship 

Ma=-Mb{WaPbIWbPa). 

The temperature of the distillation is accurately 
determined, and the value of Pb> the vapour 
pressure of water at this ttunperataire, is found 
from recordc^d data ; Pa is then barometric 
pressure less Pr. 

II. ]Vlor>E(UJLAR Weights of Substances jn 
THE Liquid State. 

Since the molecular weights of substances are 
more conveniently determined under other con- 
ditions, this section is concerned simply with 
states of aggregation peculiar to the liquid 
phase ; in very general terms, with the degree 
of association, or with the degree of ordered 
structure in the liquid. This subject is not 
strictly within the scope of the present article, 
but mention may be made of certain properties 
which are diagnostic of association, although 
they are not generally capable of giving any 
quantitative estimation of degree of association. 
Van der Waals’s and Dieterici’s equations of 
state predict that the critical ratio RTcjPcVc 
should be constant for all substances and have 
the values respectively of 2*67 and 3*695. 
Most normal liquids give a value of about 3*7, 
but associated liquids give values which are 
considerably higher. Associated liquids also 
show abnormal surface tension relationships, 
although the methods proposed by Ran) say and 
Shields (J.C.S. 1893, 63, 1087) and others for 
the estimation of association by this means have 
been shown to be unreliable (S. Sugden, “ The 
Parachor and Valency,” London, 1930, pp. 157- 
180). Probably the best criterion is found in the 
entropy of vaporisation, which, for normal 
liquids, with very few exceptions, has a value of 
about 21 g.-cal. per degree at the boiling-point. ! 
This is expressed in Troutnn’s rule that 
Afi/T— constant =21, where M is the molecular 
weight, I is the latent heat of evaporation per g., 
and T is the boiling-point in °K, It is clear that 
associated liquids will show an abnormally high 
entropy of vaporisation, provided that the 
vapour produced is not itself associated; this 
can, of course, be investigated by vapour density 
measurements. Hildebrand (J. Amer. Chem. 
Soc. 1916, 87, 970) has proposed a more accurate 
form of Trouton’s" rule which shows the same 
effect. 

III. Solution Methods. 

Methods basejl on the direct determination of 
osmotic pressures require such highly specialised 
technique that they are only used in special 
cases; they are suitable for dealing with sub- 
stances of very high molecular weight (c/. 


Carter and Record, J.C.8. 1939, 660), but this 
subject is discussed in another article. There 
arc three f)ther main methods based on colli - 
gative properties of solutions. 

It should be realised that there is often a 
limitation in accuracy in these methods whit^h 
is imposed by departure from the ideal laws, 
which cannot therefore be surmounted by 
elaboration of technique. It is, however, 
usually not of first importance that results 
should he accurate, so long as they give un- 
e(jui vocal evidence as to which, of a number of 
possible values of molecAilar weight, is the cor- 
rc<*t one. The precise value is then available 
from accurate analytical data. It is not within 
the scope of this article to discuss analytical 
methods ; for example, determination of an 
equivalent by titration cannot be considered 
as a inolccnilar weight determination. 

It may be noted that some 
improvement of accuracy can 
bo effected by comparing the 
” unknow n ” substance in 
solution with a standard sub- 
stance in the same solvent at 
the same molar concentra- 
tion ; deviation from ideal 
behaviour will then mutually 
cancel to some extent. Ab- 
normalities due to association 
or dissociation in solution 
cannot be discussed. 

1. The Lowering of 
Vapour Pressure. — The 
vapour pressure of a solution 
is lowered below that of 
the pure solvent by the pre- 
sence of a non-volatile solute. 

The relationship expressed 
in Raoult’s Law, PIPq— 

N I {N~\-n)f where P and Pq are 
the vapour pressures of solu- 
tion and solvent, respectively, 
and N and n are the respective 
molar quantities of solvent and 
solute in the solution, becomes, with sufficient 
accuracy in dilute solution, JH/P=n/N, whore 
APjP is called the ” relative lowering of the 
vapour pressure.” Hence, for ic g. of solute, of 
molecular weight m, dissolved in W g. of solvent 
of molecular weight 31, m - wMPjWAP. The 
methods available for the precise determination 
of vapour pressures can, of course, be applied to 
solutions, and the value of AP obtained by 
comparison w ith the vapour pressure of the pure 
solvent determined in the same way. It is 
usually desirable, however, to determine AP 
directly by a differential method, as in Menzies’s 
method (J. Amer. Chem. Soc. 1910, 32, 1615), 
the apparatus for which is shown in Fig. 4. 
The side-arm of the apparatus is joined by a 
rubber connection, which can be closed with a 
clip, to a reflux condenser. Both inner and 
outer vessels initially contain pure solvent ; 
with the (dip closed, air is displaced from the 
apparatus by boiling the liquid in the outer 
vessel with the stopper removed ; the liquid in 
the inner vessel is raised to the boiling-point 
by the stream of vapour passed into it by means 
of the inner re-entrant tube. When all the air 
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has been expelled, the stopper is inserted and the 
connection to the condenser is opened. The 
level of the liquid in the inner re-entrant tube, 
which is divided in mm. is observed. The whole 
procedure is repeated, with a 'weighed amount of 
solute added to the inner vessel, and in this case 
the observed level is depressed because of the 
excess vapour pressure of the solvent as com- 
pared with that of the solution. The difference 
between tlu‘ two obsei vations gives JP, and P 
is equal k) the barometric pressure. Knowledge 
of the density of the solution, or, within experi- 
mental error, of the solvent, at its boiling-point, 
is required. It is interesting to notice that the 
same apparatus can bt* used for vapour-dtuisity 
determinations (Menzies, ibid. 1910, 32, 1024). 

An elegant micro-method de})ending on the 
identity of vapour j)resHures of ecpiimolar solu- 
tions of different solutes in the same solvent 
(an “ isopiestic ” method) was devised by 
Barger (J.C.S. 1904, 85 , 280) and has been 
developed by Hast (Ber. 1921, 54 , 1979) and 
others. It has the great advantage that pure 
solvents are not re(piired, and that the range of 
solvents available is not restricted by considera- 
tions of suitability of boiling- or fi'eezing- 
points ; valuable solvents such as pyridine, or 
even mixed solvents thus become available. 
In Rast’s procedure (/.r.) a number of thin- 
walled capillary tubes, 80 x 1 mm., are prepared, 
and the ends are draw7i out hair-fine, a (*entral 
section of the original diameter and 30-40 mm. 
long being left. Standard solutions of a suitable 
standard substance (preferably coloured, (\g., 
azobenzene) are prepared, covering the con- 
centration range of ()T-1*0 molar, and a single 
solution, of known weight ('oncentration, of the 
substance of which the molecular weight is 
required. The capillary tubes arc held in a split 
rubber bung fitted to a filter tube, so that by 
applying gentle suction to the side-arm of the 
latter, the solutions can be drawn into the tubes. 
Eacih capillary is half filled with one of the 
standard solutions ; a small air-bubble is then 
allowed to enter, and the filling is completed by 
drawing in the other solution in the same way. 
The air bubl)lc now occupies a central position 
in the capillary. It must be arranged that a 
small air space is left adja(!ent to each drawn-out 
end, which can then bo sealed off in the flame of 
a micro-burner. A set of capillaries filled in this 
manner, each containing a different standard 
solution, is suitably attached to a microscope 
slide so that the meniscuses of one or other of 
the solutions are all in line with a reference mark 
on the slide (etched, or formed by an attached 
hair). The alignment is carried out under a low- 
power microscope and the capillaries, preferably 
in a shallow water- bath to maintain constant 
temperature, are observed from time to time. 
In the case that the two soluotins in a given 
capillary are of equal molar concentration, the 
position of the central bubble remains un- 
changed ; in other cases, isothermal distillation 
of the solvent occurs across the bubble from the 
weaker solution to the stronger, so that the 
bubble is displaced in the direction of the weaker 
solution. The extent of the displacement is 
measured, and an interpolation can be made, if 
necessary, in order to find the molarity of the 


standard solution which would be isopiestic with 
the solution of the substance under investigation. 
Finer discrimination can be obtained by means 
of a second experiment with suitably modified 
standard solutions. The time necessary for the 
observations varit'S v('ry greatly according to the 
volatility of the solvent, and may have any value 
between 0-25 and 48 hours. The accairacy of the 
method is about 10%; possibly slightly better 
than this in the f)riginal method of Barger (/.c.). 
Other mo<lifi<‘ations, designed to a\'oifl possi- 
bility of' mixing of the tuo solutions (c.f/., 
Niecicrl and Levy, Sci(*nce. 1940, 92, 225) are 
claimed to gi\e greater aeeuraey. 

Isfjpiestic metluxls on the large scale have 
been developed to a veiy high degree of pre- 
cision, and have Ixam used for accurate activity 
determinations (Sinclair, f). Physical Chem. 
1933, 37 , 495; Hobinson and Sinclair, J. Amer, 
Clami. Soe. 1934, 56 , 1830; Seatehard, Hamer, 
and Wood, ibid. 1938, 60 , 30()1), 

2. Ebullioscopic Methods. — The classical 
methods and tlu' principles involved an' so w(dl 
known and widely aceessil)h' as to need no sjx'eial 
description. The chief difficulty is the avoid- 
ance of siiperlieating, and a great number of 
forms of apparatus has bt'cn devised to over- 
come it. Pi-obably the most satisfactory method 
is to heat the solution by passing into it a stream 
of vapour of the solvent (Sakurai, J.C.S. 1892, 
61 , 989; Landsberger, Ber. 1898, 31 , 458; 
Walker and Lumsden, J.C.S. 1898, 73 , 502; 
Mct^y, Amer. Chem. J. 1900, 23 , 353) ; but 
this is attended with the difficulty that the con- 
centration of the solution is continuously, if 
gradually, changing during the course of the 
experiment. The best of othi'r metlKKls is that 
suggested by ('ottrell {ibid. 1919, 41 , 721 ; Read 
and Washburn, ihid. 1919, 41 , 729), in which 
the thermometer bulb is continuously bathed 
in a stream of solution and bubbles of vapour, 
raised by a “ va))our lift.” Electrical heating is 
very advantag^'ous, anrl an apparatus incor- 
porating this, together with the (k)ttrell principle, 
is illustrated in Fig. 5 ; details for the con- 
struction of such an apparatus are given by 
W. G. Palmer, ” Experimental Physical 
Chemistry,” Cambridge, 1941, pp. 123-127. 
The necessity for a Bec^kmann or other sensitive 
thermometer is ingeniously eliminated in the 
apparatus devised by Menzies (Proi*. Nat. Acad. 
Sci. 1921, 7 , 81 ; Menzies, J. Amer. Chem. Soe. 
1921, 43 , 2309; Menzies and Wright, ibid.^ 
p. 2314), shown in Fig. 6, in which a differential 
vax^our-pressure thermometer is used. This 
instrument consists of a capillary U-tube, with 
one limb long and divided in rnm., joining two 
small bulbs ; this forms an enclosed system con- 
taining a suitable liquid sealed up with its 
vapour, air being absent. The lower bulb is 
bathed with vapour and solution by means of a 
Cottrell ” vapour-lift,” and is therefore at the 
boiling-point of the solution ; the upper bulb, 
which is in the pure vapour, is at the boiling- 
point of the solvent. This differeiice in tempera- 
ture is accurately registered by the level of the 
thermometric liquid in the divided vertical tube ; 
knowledge of the densities and vapour pressures 
of this liquid at different temperatures is 
required. Water is usually suitable for the pur- 
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pose, and will cover a considerable range of 
solvents with different boiling-points. It will 
be noticed that this method eliminates errors due 
to variation of barometric pressure. 

Still further improvements in te(ihuique have 
been introduced by Swientoslawski in his simple 
and difierential ebulliometers (Z. physikal. 
Chem. 1952, A, 160, 257 ; Bull. Soc. chim'. 1951, 
[iv],49, 1503; W. Swicntoslawski,“Ebulliometry,'’ 
Krakow, 1956), which make iisi* of the “ vapour 
lift ” principle. 

Micro-methods for ebullioscopic' molecular- 
weight determinations, based on Beckmann's 
and Cottrell's nuddiods, have benm described, and 
these arc discussed in the article on i\lrcRO- 
(UIEMISTRV {v, this Vol., p. 74r/). Information 



Fi(}. 5. Fio. (>. 


on molecular elevation constants for various 
solvents is given under Molechtlar Depression 
AND EeEVATJON (CONSTANTS, tllis Vo\., p. 164«. 

5. Cryoscopic Methods. — The ordinary 
laboratory method is still essentially the same 
as that due to Beckmann (Z. physikal. Chem. 
1888, 2, 658, and later jmpers) and involves a 
supercoobng procedure. A number of experi- 
mental difficulties are encountered. If undue 
supercooling takes place before freezing com- 
mences, a considerable amount of solvent 
separates from the solution in the solid state, 
causing a very appreciable increase in the con- 
centration of the residual solution as compared 
with that of the original, on which the calcula- 
tions are usually based. This source of error 
is minimised by stirring and by inoculation with 
a small crystal of the pure frozen solvent. The 
steady temperature recorded by the thermo- 
meter when freezing has occurred may not be 
the true freezing-point of the solution; it is a 
resultant temperature which depends on the 


relative rates of loss of heat of the system to the 
cooling bath and gain of heat due to the solidifi- 
cation of the solvent. In order to make the 
difference between this false erpiilibrium tem- 
perature and the triu* freezing-point as small as 
possible, it is necessary to ensure that the (*ooling 
bath is not af. a temperature v(wy much lower 
than the fre(‘zing-point. ft will be noticed that 
th(^ cryoscojMc method, as compared with the 
ebullioscopic method, suffers from the dis- 
advantage that the pure solvent phase with 
which the solution must come into equilibrium 
is a cfuidenscd phase (solid as f*ompared with 
vapour), and this uses up, necessarily, a larger 
amount ol material, with the attendant danger 
of disturbance of c(mcentratiou. f''urth{‘r, the 
(!om]>aratively small latent heat of freezing 
makes the temperature UH'asurcracnts more 
susceptible to tlistnrbanee, although this is offset 
by a eorrespomiing gain in the magnitude of the 
moloeular dej)ression eonstanf (.vcc this Vb)l., 
p. 164u). Many solvents with desirable prop('r- 
ties for eryo.seopie nioh'eular- weight dettwmina- 
tions ar(‘ apj)n‘eial)ly hygroscopic, a tendency 
which is aggravated at lower tcmquu’atures. In 
such eases a modification of the apparatus is 
neeossary in order to protect th(‘ solutif)n from 
atinosj)herie moisture ; eiitindy enclosed ap- 
[)jiratus with eleetromugnetie stirring is some- 
times used for this ])urpose. 

A very valuable m()dili(*aiion of' the eryoseopi<! 
method is made available by solvents of high 
mol(‘eular-weight, high freezing-point, and low 
lat(‘nt-heat. Substances of this type have smtli 
high molecular dei)ressi()n constants that tin*, 
significant temperature differences are large 
enough to he measurable with aderpiate accuracy 
by means of a tliermoineter divddcd in ()-2"(\ in 
an ordinary melting-point appai’atus (Rast, 
Ber. 1922, 55 |B], 1051, 3727). Camphor is the 
most commonly used solvent, requiring a 
th(‘rmometric range of 100-1 80' c., although 
other suhstane('s of th(^ terpoiie series, with even 
higher depression constants, have been pro- 
posed (Pirseh, ibid. 1952, 65 [BJ, 802, 1227, 
1859; 19.33, 66 [B], 549, 500, 815, 1094; 1954, 
67 [BJ, lOJ, 111.5, 1.303; 1955, 68 [Bl, 07). 

The camphor used must be of the highest pui if y, 
ami the rlepression constant for each batch must 
he separately determined with a known standard 
solute, beeause of th(? vtay wid(^ variations which 
are found, according to the source, natural or 
synthotie, of the camphor. 

The method lends itself admirably to miero- 
B^chniqiie, in which cjase only milligram samples 
of solute are required. A thin -walled glass 
capillary is prepared, 40 mm. long and 2 and 
4 mm. wide, respectively, at the (*losed and open 
ends. A quantity of solute is introduced, with 
precautions to avoid scattering of the substance 
on the walls of the tube. 3’he weight of th(? 
solute is determined by difference. A quantity 
of camphor, 10-20 times the weight of the 
solute, is similarly introduced, and the tube is 
sealed, introduction of moisture from the flame 
being avoided : the sealed end is pulled out into 
a small glass rod, about 5 cm. in length. A 
similar tube containing the pure camphor only 
is prepared at the same time. The tubes are 
attached to a thermometer bulb, and heated in 
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a suitably stirred bath until a clear liquid melt 
is obtained, cooled until solidificiation occurs, 
reheated, and cooled again, in order to ensure 
homogeneity. The freezing-point is then deter- 
mined with a rate of heating not exceeding 
per minute, and is the temperature at which the 
last tra(;e of crystalline camphor disappears. 
It must be emphasised that this is not the 
“ melting-point ” as ordinarily determined, 
which will, of course, be at a lower temperature 
{i.e., it will be on the solidus curve and not the 
liquidus). If larger quantities of material must 
be used, in the absence of a micro-balance, a 
clear homogeneous melt must first be made in a 
sealed tube. After cooling, this is opened and 
the contents are powdered and introduced into a 
melting-point tube, which is then scaled. 

Mention must be made of equilibrium methods 
of determining freezing-point depressions, as 
distinct from the super-cooling methods already 
described. In these, the solution is allowed to 
come into equilibrium with a large amount of 
pure frozen solvent under conditions of efficient j 
heat-insulation. When equilibrium is reached, ! 
samples of the solution are withdrawn, and the 
concentration found by analytical methods. By 
such procedure, involving a direct comparison 
with a similar system consisting of pure solvent 
only, very precise determinations can be made, 
particularly when thermocouples, or resistance 
thermometers, are used to determine the tem- 
perature difference. Usually large amounts of 
material are required, and the apparatus is so 
specialised as to be inaccessible for ordinary 
laboratory procedure (Adams, J. Amer. Chem. 
Soc. 1915, 37, 481 ; Havorka and Rodebush, 
ibid. 1925, 47, 1614; Randall and Scott, ibid. 

1 927, 49, 647 ; Scatchard and Prentiss, ibid. 
1932, 54, 2676). 

IV. Molecular Weights of Substances in 
THE Solid State. 

The only method available is that of JC-ray 
diffraction, and the apparatus and technique is 
so highly specialised that a description is beyond 
the scope of the present article. Nevertheless, 
it possesses such unique advantages in certain 
cases that some mention must be given to it. 
It requires only a single crystal of the substance 
to be examined, and this may be of considerably 
less than a milligram in weight, and remains 
quite unaflPected by the process of the determina- 
tion. The principle of the method depends on 
finding the dimensions of the unit coll of the 
crystal and the number of structural units 
which it contains. A determination of the 
density of the substance, which can be done by 
a flotation method in a medium in which it is 
insoluble, allows of an accurate assessment of 
molecular weight. It is clear that this method 
may be of great value in the case of precious 
substances available only in the minutest quan- 
tity, and required for further investigation 
(W. H. and W. L. Bragg, “ The Crystalline 
State,” London, 1933, pp. 238-240). 

D. J. G. I. 

M O L Y B D E N I T E , A mineral consisting of 
molybdenum sulphide, MoS 2 t crystallising in 
the hexagonal system in the form of six-sided 
plates or short, slightly tapering or barrel- 


shaped prisms ; usually ocemrs in disseminated 
scales, and sometimes in foliated or granular 
masses. Possesses a perfect basal cleavage, the 
laminae being very flexible, but not elastic. 
The inintTal is st^ctile, can bo easily scratched 
by the finger-nail, and has a greasy ft^ol. Its 
colour is lead -grey with a faint bluish tinge, the 
streak on ])aper being bluish-grey and on porce- 
lain a greenish -grey, whilst the lustre is metallic. 
p 4-7. Molybdenite is often confused with 
graphite, but the latter has less than half the 
density of molybdenite, besides having a black, 
shining streak. 

Molybdenite is the only important source of 
molybdenum. It occurs as disseminations and 
segregatums in granite, as “ pockety ” deposits 
in pegmatites, in limestones adjacent to granite, 
and in quartz veins. The annual world produc- 
tion of molybdenum since 1940 has exceeded 
16,000 tons, of which the United States has 
contributed more than 90%, mainly from the 
famous molybdenite mine at Climax, Colorado. 
During most of the nineteen -thirties this single 
mine i)roduced from 80 to 85% of the world’s 
molybdenum, but within recent years this per- 
centage has dropped to about 60, owing to the 
greatly increased recovery of by-product molyb- 
denum from the copper ores of Utah and New 
Mexico, which contain minute amounts of 
molybdenite. Molybdenum is principally used 
as an alloying element in the manufacture of 
special grades of iron and steel, notably in high- 
speed tools, rustless steels, dies, and permanent 
magnets. It serves best in steels in combination 
with nickel and (‘hromium, and is reckoned to 
have tw'i(!e the hardening power of tungsten. 
High molybdenum steels, with more than 1% 
Mo, are made from ferromolybdenum, but low 
“ molly ” steels, as they are referred to in the 
trade, are made by adding calcium molybdate 
(see also this Vol., p. 220d). Minor quantities 
of molybdenum are used for catalysts, dyes, 
pigmentvS, and inks, and in the form of am- 
monium molybdate it serves as a chemical 
reagent, as a fire-proofing material, and as a 
disinfectant. 

Reference.^. — R. H. Rastall, "Molybdenum Ores," 
Monogr. Imperial Institute, London, 1922 ; V. L. 
Eardley-Wibnot, " Molybdenum, Metallurgy and 
Uses, and the Occurrence, Mining and Concentration 
of its Ores," Mines Branch, Canada, 1925, No. 692 ; 
E. L. Hess, "Molybdenum Deposits,” U.S. Geol. 
Survey, Bull. 761, 1924; B. S. Butler and J. W. 
Vanderwilt, " The Climax Molybdenum Deposit of 
Colorado,” U.S. Ceol. Survey Bull. 846-C, 1933, In 
the British Isles : Special Reports on the Mineral 
Resources of Great Britain, Mem. Geol. Survey, 1916, 
Vol. V, 2nd od., 1917. 

D. W. 

MOLYBDENUM. Sym. Mo. At. wt. 

95-95. At. no. 42. Molybdenum consists of 
seven isotopes of which the masses and percent- 
age abundances are ®^Mo 156, ®^Mo 8-7, 
»*Mo 16-3, »6Mo 16*8, ‘'^Mo 8*7, »«Mo 25-4, 
and ^®®Mo 8*6% (Mattauch and Lichtblau, 
Z. physikal Chem. 1939, B, 42, 288), which give 
an atomic weight of 96-03. 

History. 

Molybdenite, the sulphide ore, was known to 
the ancient Greeks and others, who confused it 
with lead because of its heaviness, and with • 
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graphite becauBe in appearance it ia similar to 
this mineral. Up to the eighteenth eentiiry 
graphite and molybdenite were sold as “ rnolyb- 
dfin ” or even “ molybdainum,” a name derived 
from “molybditis” or “ molybdiena ” (from the 
Greek fioXiipSiva, lead), lerma used to designate 
minoralR which app(;ared lead -like. Scheele in 
1778 allowed that molybdenite and graphite 
were entirely different, for with nitric acid 
molybdenite was converted into a white solid 
which he called “ molybdcnic acid." When his 
colleague Bergman auggeated that this body Wcas 
probably an oxide of a new metal, Scheele, 
having no suitable furnace, asked B. J. HjcJm 
of Stockholm to reduce it to the metal, lljelm 
ground the white molybdic; acid to a paste with 
linaeed oil, and heated it in a closed crucible to 
carbonise the oil and to reduce the oxide ; be 
thus obtained the new element in metallic form 
in 1782. It was not, however, until about 1890 
that the metal was carefully investigated in 
view of its poasible value as an alloy addition 
to steel. The approximate world production 
of the metal has shown a great increase ir) re(*<mt 
vears, as indicated by the following figure's : 
1900 10 tons; 1930, 2,000 tons; I94J, 17,000 
tons; of the last figure over 15,000 tons were 
produced in the U.S.A. 

OCCTJEBENCK. 

{See also Molybdenum MI^'ERALs, this Vol., 
p. 226a.) 

Molybdenum does not occur in the metallic 
state, and although its compounds are fairly 
widely distributed in small quantitiea, (*om- 
paratively few definite molybdenum minerals 
are recognised. The most important ore is 
molybdenite, MoSg {v. this Vol., p. 2166). A 
colloidal form of molybdenite has been described 
and named jordisite. Other common minerals 
are wuljenite, PblVlo04, found in the oxidised 
portions of lead deposits in many parts of the 
world, powelliie, CaMo04, and molybdile or 
molybdic ochre, Fe203,3Mo03,7-6H20 (v. this 
Vol., p. 2266), the yellow oxidation product of 
molybdenite. Loss common minerals are chilla- 
gite, 3PbW04,PbMo04, illseniannite or blue 
oxide, Mo02,4MoOg, koechlinite, BigOg.MoOg, 
and lindgreniie, 2CuMo04,Cu (OHjig. A mag- 
nesium molybdate, helonesite, MgMo04, and a 
cobalt molybdate, joafemife, C0M0O4, have also 
been described. Molybdenum occurs in small 
quantities in other minerals containing the rare 
heavy metals of the same group (tungsten, 
vanadium, etc.). 

Small quantities of molybdenum are found in 
various igneous and sedimentary rocks, as well 
as in ground waters, hot spring waters, and plant 
and animal tissues. In the case of igneous rocks, 
molybdenum is more frequently present in 
siliceous rocks such as granites, but small 
quantities have been found also in basic and 
ultra-basic rocks. Molybdenum has also been 
found in sedimentary rocks, especially shales 
and, generally accompanied by vanadium, in 
clays ; it has been reported to be present in the 
manganese nodules collected by the Challenger 
expedition. Molybdenum has been found in 
spectroscopic amounts in spring waters in Brazil, 


Spain, and Japan, and also in aea water. The 
most important occurrence in thermal waters is 
that reported by Zeis (Nat. Georg. 80c., Katmai 
Ser. 1929, Vol. 1, no. 4) in the Valley of Ten 
Thousand Smokes, Alaska, where molybdenum 
is deposited as “ molybdenum blue ’’ around a 
steam vent. From his work on the study of coal 
ash, Goldschmidt (Ind. Eng. Cbcra. 1935, 27 , 
1100) concludes that the content of molyb- 
denum in this material is higher t han in average 
rocks, and the ash from oil-burning steamers was 
found by Herman (Meballwirta. 1936, 15, 1124) 
to contain Mo 0*1, Nl 0-5, and V 2-5%. 

The presence of molybdenum has been 
reported in milk and alao in hen eggs. In plant 
products molybdenum is frequently reported, 
Bao (8ci. and Cult. 1938, 4 , 362) found 8-11 
p.p.m. in peas. Diiigwcll, MeKibbon, and Beans 
(Canad. J. Res. 1934, 11, 32) found the metal in 
numerous plants, but not always in the soil in 
which the plants grew, and no molybdenum was 
found in similar plants from other areas. Ac- 
cording to Menlen and Kavenswaa}^ (Proc. Acad. 
Sci. Amsterdam, 1935, 38, 7), leaves of Virginia 
creeper, poplar, and lilac contain small amounts 
of molybdenum. 

Although molybdenum has been found on 
every continent and in many countries, only 
three deposits of molybdenite are important 
producers of the metal. These occur at Climax, 
Cok)rado; Questa, Now Mexico and Knaben, 
Norway. Smaller quantities are found in Peru, 
Canada, Australia, Chile, U.S.S.R., etc. 

Certain copper ore-bodies produce molyb- 
denite as a ))y-product in Cananea, Sonora, 
Mexic'O ; Braden, Chile ; (k)pper Creek, Arizona, 
etc. Wulfenite is found in the oxidised parts 
of lead deposits in many places, especially 
Arizona, New Mexico, South America, Northern 
Africa, Spain, and U.S.S.R., and is believed to 
be formed by molybdenum -bearing thermal 
waters coming in contact with oxidised lead 
deposits. Jk)wellite is only a minor source of 
molybdenum as a by-product in the recovery of 
scheelite for tungsten ; this mineral, together 
with molybdite, constitutes the usual oxidation 
product of molybdenite. 

The average molybdenite content of com- 
mercial ore-bodies as rained is approximately 
1%, which is disseminated throughout the rock 
in small grains ; after fine grinding, concentra- 
tion of the molybdenite by froth flotation is a 
relatively simple metallurgical operation. Its 
separation from copper has been successfully 
carried out in the U.8.A., Mexico, and 8o\ith 
America. The usual grade of concentrate 
obtained contains MoSg 75-85%, objectionable 
impurities being arsenic, bismuth, antimony, 
phosphorus, and (topper. Wulfenite is easily 
wetted and is usually separated from its accom- 
! panying gangue by water concentration. 

Reduction of Molybdenum Concentbatks. 

By far the largest proportion of molybdenum 
produced is used in the iron and steel industries, 
aiid one method of introducing the metal is in 
the form of ferromolybdenum. 

Ferromolybdenum was formerly produced 
from molybdenite concentrates by roasting to 
oxide and reducing with carbon in the presence 
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of scrap iron, in crucibles, but in most cases it is 
now made in electric furnaces by fusing the 
con(;entrate8, either in the raw state or after a 
preliminary roast with varying proportions of 
coke, lime, scrap iron, etc. 

In one })lant, the raw coneentrates containing 
M 0 S 2 40-90% and averaging 75% were 
treated direct in a single-phase electric furnace, 
which was w'ater-jaeketed and lined wdth silica 
and fire-brick. The lower electrode was of 
bronze or copper and the upper of graphite, and 
a current of 3,500-4,500 amp. at 50 v. was used, 
f'or every 100 parts of (concentrates containing 
M 0 S 2 75 and Fe 9%, 120 jmrfs of lime, 10 
of coke, and 5 of scrap iron or steel turnings 
were added ; the furnace was tapped every 4 
hours, and the ferromolybdt'num produced con- 
tained Mo 70, S 0*4, and C 40%. The sid- 
phur in the molybdenite Avas almost entirely 
taken up by the slag or ('on verted into sulpdiur 
dioxide ; 

M0S2+2C f 2 CaO Moi 2 CaS+ 2 CO. 

In another jdant, the molybdenite concen- 
trates were first converted into oxide by roasting. 
The resulting oxide was leached with a strong 
solution of ammonia and filtered. The solution 
was then strongly lieaied until the ammonia 
was driven off, crude rnolybdic oxide being left ; 
this was reduced in an electriic furnace with coke 
and steel scrap turnings, the current used being 
4,000-5,000 amp. at 55 v. The costs of this 
process were considered high owijig t-o mechani- 1 
(*al loss during the preliminary treatment of the 
concentrates, and direct reduction without roast- 
ing was resorted to, lime, coke, and steel 
turnings being used as additions to the charge. 
This proved the more satisfactory process and 
over 80% of the molybdenum fed in as con- 
centrates was rccovercul in the ferromolybdenum, 
the chief losses being 11% by dusting and 7% 
in the slag. The dusting loss was recovered by 
the use of filter bags, and some 90% of the slag 
loss was ro(.‘ovored by table concentration. 

The ore wulfenite or lead molybdate has also 
been used as a source of ferromolybdenum. In 
this case, as described by Keeney (Trans. Amer. 
Inst. Min. Met. Eng. 1920, 62, 28), the ore is first 
treated with soda ash in a lead furnace, lead 
bullion and a sodium Jiiolybdate slag being 
produ(^ed. The slag is crushed, mixed with lime, 
iron ore, and carbon, and smelU-id in an electric 
furnace lined with magnesia. 

Reduction by Hydrogen. — Pure molyb- 
denum, especially when required for the pro- 
duction of sheets, wire, etc., is generally ob- 
tained by hydrogen reduction. Molybdenite is 
first roasted to oxide in a suitable furnace, tlie 
oxide is dissolved in ammonia, the solution is 
filtered, and nitric acid is added. This precipi- 
tates relatively pure rnolybdic acid, which is 
ignited at a temperature below 1,000^^ to 
rnolybdic oxide. The ignited oxide is placed in 
trays and treated in the tubes of a suitable 
furnace, a stream of purified and dried hydrogen 
being passed through the heated tubes. The 
reduction is commenced at a low temperature 
( 300 °), for at this temperature the more volatile 
molybdenum trioxide, M0O3, is reduced to the 
less volatile dioxide, Mo02- The reduction of 


the dioxide to metal begins at 500° and is fairly 
rapid at 600'^. 

M0O2+2H2 ^ M0+2H2O. 

The reverse reaction occurs to a negligible extent 
below 70(P. At 800'' equimolecular proportions 
of hydrogen and water vapour have no effect, 
but proportions of water above this ratio result 
in the formation of molybdenum dioxide; pro- 
portions below this ratio give metal. The 
r(‘duction of molybdenum is more difficult than 
the corresponding reduction of tungsten, it being 
frequently necessary to run tlu* furnace for 40 
hours. 

The metal })owcler thus obtained is removed 
from the boats, screened, and pressed into bars 
in a hydraulic press, the process varying from 
that for tungsten in minor details only. The 
prt^Hsed bars are placed between the electrodes of 
an electric furnace and heated to about 2,40(P 
by passing a suitable (4ectric current through 
them, this operation being carried out in an 
atmosphere of hydrogen. The metal shrinks 
considerably during this process, and a suitable 
follow-up (ff the electrodes must be arranged for. 
The metal so obtained is rolled into sheets or 
swaged into round bars uhich are subsequently 
drawn into wire. 

A hydrogen reduction method has also btani 
used for the preparation of molybdenum-* 
tungsten alloys, for which a mixture of the oxid(^s 
of the two metals is reduced in hydrogen ; the 
mixture may or may not be compressed into 
sticks before reduction. 

Other Methods of Reduction include the 
following : 

1. Beduction of the oxide (either the trioxide 

or preferably the less volatile dioxid(‘) 
by means of carbon in criu'iblcs. 

2. Reduction of the oxide by the alumino- 

thcrmici proc^ess, in which a mixture of 
100 parts of the oxide and 38 parts of 
finely divided metallic aluminium is 
ignited by means of a piece of mag- 
nesium ribbon surrounded by barium 
j)eroxide on the surfac.e of the (;harge. 
The mixture is contained in a suitable 
crucible, together with fluxes such as 
calcium fluoride, 50 parts being usofid 
I in moderating the reaction. 

3. Reduction of the oxide by silicon, or by 

means of ferrosilicon if ferromolyb- 
denum is required as the product. In 
this case also, lime may be added to 
assist the slagging off of sulphur. 

The products of electric furnace reduction 
or reduction by means of carbon are liable to be 
high in carbon owing to the formation of car- 
bides. These products may be decarburised by 
reinelting with molybdenum oxide or by means 
of iron.oxide and lime. 

Miscellaneous Methods of Extraction. 

Many processes have been worked out and 
patents obtained for the extraction of molyb- 
denum from its ores ; among those the following 
may be mentioned : 

1 , The Becket and Holladay Process 

consists in leaching the Qres with a solution of 
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an alkaline Bodiuin compound for a complete 
extra ction of the metal, a substantial proportion 
of the impuriticH in the ore being left in the 
rf.'sidue. The molybdenum in recovered by pre- 
cipitation as calcium molybdate, which is then 
smelted or otherwise utilised. 

2. The Doerner Process consists in bri<piet- 
ting the molylxlenum concentrates with sodium 
cliloride, mix(‘d with a sul])hur- bearing material 
if insufficient sulphur is ])resent, and heating in a 
vertical retort to volatilise chlorides or oxy- 
chlorides of molybdenum. 

3. Another Doerner Process eoni])rises 
treatment of molybdenum oiHi at about .TtOO'^ in 
a stream of chlorine gas. 'fhe molylxlenum is 
volatilised as chloride or oxychloride, w'hich 
may be <’ondensed and eolleetixl, or decomposed 
by steam or water into the oxide and hydro- 
chloric acid, liy maintaining the condenser at 
200'^’ the hydrochloric acid may lx‘ si'jiarated 
from the oxide and recovenHl in a separate 
condenser. 

4 . The Forland Process is similar to the 
above and consists in bringing the dried con- 
centrate into contact wdth chlorine gas at a 
temperature above 21)8'. Molybdenum chloride 
distils ovt'r and is separated from the sulphur, 
and from any metal chloride having a lower 
boiling-point, by fractional condensation. In 
ease the material treated contains metals of 
which the chlorides have a higher boiling-]x)int 
than that of molybdenum chlorid(‘, the tempera- 
ture may be so controlled that thes(‘ chlorides 
remain in tlu' residms from which they are 
recovered by leaching. 

5. The Robertson Process consists of the 
direct volatilisation-roasting of the molyb- 
denite concentrate in a highly oxidising atmo- 
sphere at about 800'\ The process is hastemxl 
by the addition of steam, ac(‘ording to the 
following equations ; 

2 MoSo 4 O 2 + 4 H 2 O- 2 Mo 03 d 4 H 2 S 

4H2S+6O2-4H2O44SO2-4H2SO3. 

Aft(U‘ eooling, the molybdenum oxide is drawn 
from a dust-eollecting tower into a bag-house, 
wher(‘, it is eolleeted. J<\)r woollen bags the 
tomp(n*ature must not oxeeed 120'^ and for <‘otton 
bags 90*^. 

0. For the treatment of wulfenite, in additicui 
to the smelting method already described, an 
alkaline leach method has been used by Bonardi 
(Chem. Met. Eng. 1919, 21, 364), The material 
is treated with a boiling solution of sodium 
sulphide, which dissolves the molybdenum, the 
lead, together with any precious metals, being 
left as a residue suitable for smelting. The 
molybdenum goes into solution as sodium 
molybdate, and is finally precipitated, by 
addition of calcium chloride, as calcium molyb- 
date, which may be reduced to ferroraolyb- 
denum or used directly in the manufacture of 
special alloy steels. 

Properties. 

Molybdenum is a silvery-white metal, malle- 
able and ductile, and too soft to scratch glass, 
its Brinell number being 147. It can be filed 
and polished with ease. Its appearanw and 
properties depend to a large extent on its 


method of production. When obtained by the 
rciduction of the oxide or sulphide by hydrogen 
it is a grey powder which may be compacted, 
by sintering and swaging at a high temperature, 
into a silver-white solid, but brittle, bar. When 
produced by the alumiiio-thermic processes, it 
is cornpat-t., but usually contains iron and silicon 
as impuriti(‘s; when obtained by i eduction in 
the (‘lectric furna(‘(‘ it is also compact but, 
ow'ing to tlu^ absoriition of carbon, it has different 
propcrtit‘s from those of the car Ixm -free metal. 
Ductile forms ol‘ molybdenum, obtained by the 
coin])r(‘ssion and working of the pure metal 
prepared by hydrogem reduction, can be drawn 
into fine wire or rolk'd into ribbons and sheets. 
Molybdenum has a liody-ccntrcd cubic structure, 
2 atoms jx^r unit cell, u-^3‘143 a., wdiich gives a 
calculated density of 10-2. The coefficient of 
expansion is a])j)roximately 5-1 - KP® between 
0 and 500 ’. Its melting-point is about 2,550’^, 
and its boiling-point about 3,()00". The density 
was reported b^^ Moissan to be 9-01, but more 
recent determinations show' that it increases 
with th(^ amount of mechanical work put upon 
the metal up to about 10-3. The tensih'. strength 
of tlu‘ pure metal increases with the fineness of 
th(i wire tested and varies from 200,000 to 
300,000 11). per sip in., wdiich is about half that 
of similar wares of tungsten. The electrical 
resistance is 5-6 microhms per cm. cube for hard- 
drawn wire and 4-8 for annealed wire. The 
temperature coefficient ol' electrical resistance 
between and ITO'^r. is 0*005 and the specific 
heat is 0*0722 g.-cal. pci* g. per 'k;. 

Crude molybdenum, the elix'tric furnace pro- 
duct made direct from molybdenite, has a 
composition of approximately Mo 92, Fe 2, C 6% ; 
it is very brittle and has a hardness greater than 
that of quartz. It molts at a lower tcmj)crature 
than pure molybdenum, and its spec'ific gravity 
varies from about 8*0 to 8*9, according to the 
amount of carbon present. Wlxui pure molyb- 
denum is embedded in carbon arul heated to 
l,50(F, it absorbs (‘arbon and becomes hard and 
brittle ; if this carburi.sed metal is melted with 
molybdenum dioxide, the carbon present is 
oxidised, and the metal is relined and its 
properties approach those of the jiurt' metal. 
Molybdenum burns in oxygen at 500-600'’ with 
great brilliancy, even aftc^r the source of heat- 
is removed. I’he metal is very slowly oxidised 
at ordinary temperatun^s and retains its lustre 
almost indefiniteh% especially when in the form 
of drawn wire. It is slowly oxidised by steam. 
On prolonged heating at a dull red heat in air, 
it becomes covered with a white coating of 
molybdenum trioxide, and at 600® it oxidises 
rapidly and the trioxide thus formed sublimes. 
The pure metal is not volatile except at exceed- 
ingly high temperatures. 

Molybdenum is attacked by lluorine at 
ordinary temperatures and by chlorine at a dull 
red heat, but it is not appreciably affected by 
iodine at temperatures as high as 700-800°. The 
metal is attacked by nitric acid and by hot con- 
centrated sulphuric acid, but is not affected by 
hydrochloric acid. Fused oxidising salts such as 
potassium chlorate, nitrate, etc., attack it 
rapidly, but fused alkalis act only slowly on the 
metal. 
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Uses. 

Molybdenum, in the form of wire, is used for 
supporting the filaments in incandescent electric 
lamps. It is also used for the winding of electric 
resistance furnaces, and for this purpose it has 
proved both cheaper than and superior to 
platinum, bt'causc of the* quicker heating and 
higher temperatures attainable ; for this pur- 
pose, however, the metal must be protected 
from th(^ air to prevent oxidation. Molyb- 
denum has been siHcessfully substituted for 
platinum and for platinum-iridium alloy in 
electrical and other applications of these 
materials, .such as in electric contact-making 
and -breaking devices. The CViolidge X-ray 
tube and a voltage rei tifier have a considerable 
I)roportion of duc tile molybdenum in their con- 
struction. For jewellery purposes it is a good 
substitute for platinum, being ])ermanent in 
lustre, free from tarnish, capable of being worked 
like platinum, and very much cheaper. The 
metal has also been used for arc-lamp electrodes, 
by means of which a brilliant arc can be obtaincnl. 
Molybdenum wire, in (conjunction with tungsten 
wire, can be used in thermocouples for the 
measurement of high temperatures. The advan- 
tage of this type of couple is the higher melting- 
point of the elements as compared with the 
more usual platinum /platinum-iridium or plati- 
num/platinum-rhodium couples; the disadvan- 
tage is that the elements oxidise at high tempera- 
tures, but protection may be supjdied by a 
covering of fused magnesia or some similar 
material. A considerable amoimt of molyb- 
denum is used in the anodes of radio valves and 
in other electronic devices; the low coefficient 
of expansion of the metal allows it to be sealed 
to Pyrex glass. In dentistry, gold-covered 
molybdenum wire has been used to a consider- 
able extent. The main use of molybdenum is as 
an alloying element, partie\darly in the steel 
industry, only a little being used in non-ferrous 
alloys (see below). Molybdenum compounds arc 
used to a limited extent in the chemical and 
ceramic industries, as for example for giving a 
yellow colour to pottery glazes and a red or 
yellow colour to glass. They are used as pig- 
ment colours in paints, lac(][uer8, and printing 
inks, and in dyes for furs, hair, skins, etc. 

A J. LOWS. 

By far the largest proportion of molybdenum 
produced is used as an alloying-element addition 
to steels, and particularly to special alloy steels, 
and it is used, not like manganese as a scavenger, 
desulphuriser, and deoxidiser, but as a definite 
alloying element, its function being to enhance 
certain useful properties of the resulting metal,' 
to add new properties, or to remove certain 
inherent weaknesses. Unlike manganese also, 
it is not lost by oxidation on remelting or re- 
working -up of scrap metal containing the ele- 
ment. It is found to be a useful addition to 
plain carbon steels and also to various classes of 
alloy steels, to which molybdenum imparts a 
uniformity of physical properties from the out- 
side to the centre of sections, an absence of 
temper-brittleness, as shown by impact tests 
after slow cooling from the tempering tempera- 


ture, and a closc^. relationship between the limits 
of proportionality and the yield point. It 
causes a refinement of grain, increases the tensile 
strength, improves wear-resistance and resist- 
ance to fatigue, and promotes depth-hardening. 
To plain carbon steels 0-4-1 -0% of molybdenum 
is added when these are to be used at high 
temperatures, as in turbine covers, rotors, steam 
cylinders, valves, etc., which operate at tempera- 
tures up to 400-500". 0-5% of molybdenum 
and above has been found to (louble the strength 
of such steels at high temperatures, and to 
reduce effectively tht^ rate of creep under the 
same conditions. Molybdenum to the extent 
of 0-3% is added to nickel structural steels con- 
taining Nl 1-3%, and is found to increase the 
yield point, edastic limit, and impact value of 
these steels without any sacrifice of elongation 
or reducton of area. Thc^ same quantity is also 
add(Hl to nickel case-hardening steels, as it 
promotes strength and toughness of core. 
Molybdenum, 0*25-1 -0%, is also a useful 
addition to chrome-nickel steels which an* liable 
to be highly stressed ; it ensures absence of 
temper- brittleness as well as increasing the 
mechanical properti(*s and reducing the effects 
of nmss ; these steeds are used for coupling, 
conno('ting, and pisttm rods, high-pressiire steel 
cylinders for the storage and transportation of 
gases, etc. Molybdenum is also a useful con- 
stituent of : (a) high-8p(‘ed steels and cutting 
alloys, in which it (>an replace t^’ice its weight of 
tungsten ; (5) permanent-magnet alkjys of the 
eobalt-tungstem typt' ; (c) heat-resisting steels, 
which may also contain chromium, nickel, 
tungsten, etc. (used for aero-engine valves, etc.) ; 
{d) various corrosion-resisting stec^ls ; and 
(e) nitrogen -hardening steels, both of the chrome- 
aluminium and of the chrome-nickel variety, 
which are required to possess an intensely hard 
surface. 

Molybdenum additions may be made to steel 
produced in open-hearth furnaces, in converters, 
in rotary pulverised-fuel furnaces, in electric 
furnaces, or in crucibles, and the molybdenum 
may be added in various forms. When added 
to molten steel as ferromolybdonum, it will 
readily dissolve in the metal in spite of its high 
melting-point, although molybdenum is oxidised 
by air at the temperature of molten steel. 
Molybdenum trioxide, when brought into con- 
tact with molten steel, is reduced to metal, but 
this oxide volatilises at the high temperature 
involved, and when it is used as an addition 
agent, some compound (such as calcium molyb- 
date) must be used, or a protecting agent 
introduced. 

Ferromolybdenum containing Mo 70-80, 
C 0-1, S 0*02% may be added during any of 
the steel-making processes, but is frequently 
replaced by cheaper materials, such as the 
following : (a) calcium molybdate containing 
Mo 40-50, CaO 20-25, 4, SiO, 6-10, 

and S 0 04%; (6) molybdenum trioxide 

briquettes. Mo 49-62, FCgOg 4-0, S 0*25%; 
(c) a mixture of molybdenum trioxide and a sul- 
phur-free pitch binder, briquetted under 
hydraulic pressure Molyte^'), supplied by 
High Speed Steel Alloys of Widnes, containing 
Mo 40-60, FejOg 60, Al^Og 3-0, CaO 7*0 
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8 0*05%. All these products are packed in 
suitable containers. 

Molybdenum sulphide, MoSg, in the form 
of molybdenite concentrates containing Mo 
48-55, Fe 3-0, S 34-37%, is sometimes added 
as such to steels for the purpose of improving 
the maehiriability, especially of chronic and 
nickel-chrome stainless steels, 0*5% of molyb- 
denum and 0*5% of siilphiii’ being re(piired for 
this purpose. 

Among non-lerrouH alloys are the molyb- 
denum-eobalt-chromiuni alloys known as 
“ Stellite ” (?;. Wil. Ill, 2\lh, r). Haynes, the 
inv^entor of “ Stellite^'''’ states (Trans. Ainer. Inst. 
IMin. Eng. 1913, 44, 575) that when molybdenum 
is addeil to a cobalt-chromium alloy so that the 
chromium is raaintainful at 15%, it. rajiidly 
hardens as the molvlidenum content imu easos up 
to 40%, when the alloy becomes exceedingly 
hard and brittle. It (‘uts keenly ami dci<“ply into 
glass, and scratches quartz <Tvstals w’ith ease. 
It takes a beautiful polish, which it retains under 
all conditions, and on account, of its extreme 
hardness, its surface is not readily scratched. 
When 25% of molybdenum is added to a 15% 
chromium-cobalt alloy, a lino-grained metal 
results w'liich scratches glass somewhat readily, 
and takes a strong keen edge. Its colour and 
lustre are magnificent, and it will doubtless find 
a wide application for fine, hard cutlery. A 
typical analysis is Mo 22, Co 00, Cr 11, Fe 3, 
Mn 2, and C 1%. 

C. O. B. 

Molybdenum-tungsten alloys show* a con- 
tinuous series of solid solutions, and in the form 
of wire have been used in conjunction with 
tungsten wires in thermocouples for the determi- 
nation of very high temperatures. 

Molybdenum-nickel alloys containing up to 
62% of molybdenum have been used as catalysts 
in ammonia synthesis. 

COMPOUNDS OF MOLYBDENUM. 

Molybdenum compounds are usually classified | 
according to valency, viz. the hi-, ter-, and j 
quadri-valent compounds, which are basic, and j 
the quinque- and sexa-valent series, which are 
acidic in character. Several of these series are, 
however, very scantily represented, and it is 
therefore simpler, if less logical, to treat molyb- 
denum compounds according to their other 
constituents. 

Molybdenum Oxides. 

Molybdenum Sesquioxide, MOgOg, may 
be present in the dark powders formed during 
the reduction of higher oxides by hydrogen, 
carbon monoxide, etc., but materials so reported 
are of doubtful individuality. A hydroxide or 
hydrated oxide is precipitated by ammonia 
from solutions of tervalent molybdenum salts 
(oxygen being rigidly excluded), and on drying 
at 100® this is reputed to leave Mo(OH)8, 
which is black and difficultly soluble in acids. 
This substance is also formed by cathodic reduc- 
tion of molybdates in solution. 

Molybdenum Dioxide, MoOg- — This oxide 
is fairly weU defined and- is formed by gentle 
I'eduetion of the trioxide in hydrogen (e.gr., 
at 470®), excess M0O3 being removed by re- j 


placing the hydrogen by hydrogen chloride, 
which converts it into the volatile Mo 03 , 2 HCI. 
This oxide is also formed by heating ammonium 
molybdate alone, or sodium molybdate wdth 
zinc, oiil, of contact with air. It forms opaque 
tetragonal crystals with a violet reflex, whi(th 
have been found to possess a structure of the 
rutile type (a- 4*86, c=2*79 A.). Those crystals 
are insoluble in boiling hydrochloric acid or 
potassium hydroxide solutions. By reducing 
molybdates in solution and then precipitating 
with alkalis, a number of dark greenish products 
have been reported which may contain hydr- 
oxides or hydrated oxides of quadrivalent 
molybdenum, but these deri\ ativ’^os are of doubt- 
ful individuality. 

Molybdenum Pentoxide, MOgO^. — Ward- 
law and Nicbolls (J.(\S. 1925, 127, 1488) pre- 
pared this oxide by heating the oxysulphatc 
(produced by el(H‘t.rolytie reduction of the iri- 
oxidc in Hulphuri(^ acid) in a stream of nitrogen ; 
it formed a violct-hlack powder, insoluble in 
water, difficultly soluble in hydrodiloric or sul- 
phuric acid. 

Molybdenum Trioxide, M 0 O 3 . — This is the 
best known and principal oxide of molybdenum, 
and it occurs naturally in small quantities. It 
is usually prepared from the natural sulphide by 
powdering and roasting in the air. On a small 
scale the resultant oxide may be purified by 
sublimation, but on a larger scale it is usual to 
fix basic impurities by condu(4;ing the roasting 
in presence of silic a and extracting the molyb- 
denum trioxide wdth dilute ammonia ; any 
copper passing into solution is precipitated with 
ammonium sulphide, and the ammonium molyb- 
date recovered and recrystallised ; the trioxide 
is obtainable from ammonium molybdate by 
evaporation with nitric acid or by ignition in a 
stream of oxygen. Impure molybdenum tri- 
oxide obtained by the action of acids on native 
molybdates is also dissolved in ammonia and 
purified in this manner. The trioxide is colour- 
less, yellow when hot, and melts at 791°; the 
crystals deposited from the melt, often retaining 
a somewffiat yellow tint, are rhombic (a:6:c 
==0-3872: 1:0-4792) with a density of 4-7, and 
are volatile above 500°. Gaseous hydrogen 
chloride at 150-200® converts the trioxide into 
MoO(OH)2Cl2, which is readily volatile ; 
chlorine produces M 0 O 2 CI 2 with difficulty, 
and carbon monoxide, ethylene, and the like 
reduce it to coloured low^er oxides. On boiling 
with aqueous hydrochloric acid a blue solution 
is formed, owing to partial reduction. Molyb- 
denum trioxide has been proposed as an addition 
to pigments for paints and rubber, but it is 
photosensitive in presence of organic matter 
(becoming yellow and green) its applicability 
thus being limited (Gardner, Sci. Sect. Nat. 
Paint, Var. Assoc. Giro. 1936, No. 513). 

Molybdic Acids. — Two fairly definite molyb- 
dic acids are known, viz. white HgMoO^, 
deposited in thin prisms by slow evaporation 
of a solution of the trioxide in nitric acid, and 
yellow H^MoOg, which slowly deposits from 
nitric acid solutions of ammonium molybdate. 
The former is characterised by a lower solubility, 
particularly in warm solutions (of the order of 
0-5 parts per 100 of water at 80°, as against 1-7 
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parts for the yellow acid), but solution probably 
t^nds to cause a change of constitution, as the 
solubility is greater if the temperature at which 
measurements arc made is approached from 
higher temperatures. Many other molybdic 
acids have been described, including some 
gummy materials, which are in many cases 
probably mixtures or colloidal dispersions. 
Molybdate ions tend to pass into polymolybdate 
ions in acid solutions in the same manner as do 
chromates, so that the nature of the pri‘- 
dominating ion, and the acid or salt which may 
form a solid phas(\ arc determined largely by 
the pH of the solution (Britton and German, 
J.C.S. 1930, 2154). Jander et al. (Z. ariorg. 
Chem. 1930, 194, 383) used methods bascul on 
diffusion coeffiedents to show that at pH values 
greater than 6-5 the M0O4' stable; from 

pH 0*5 to 4 5 it is the MOaOjj" ion; from ])H 
4-5 to 2-9, HMo-O'ai" i ^nd from pH 2-9 to I f), 
le crystalline a< id8 and salts 
which have been described fall into a fai* largc‘r 
range of classes than these, and must pt‘rhaf)H 
be regarded as acid, double, and hydrated salts 
derived from them. 

Molybdates. — The following types of 
molybdate are knowm (M representing a uni- 1 
valent metal atom): MgOjMoOg (normal), 
2M20 ,Mo 03 (di-), 5M20,12 Mo 03 or 

3M20,7 Mo 03 (para-), SMaO.MoO^ (tri), 
4M20 ,Mo 03 (tetra- or meta-molybdates), 
SMjO.MoOg, lOMgO.MoOg, and 

IBMgO.MoOg. 

Normal molybdates can be formed only from 
quite alkaline solutions, so that only the alkali 
and alkaline-earth metal compounds can be 
prepared in the wTt way ; those of other metals 
<;an be prepared by fusing recpiisite quantities of 
the appropriate oxides. The orange-red mineral 
wulfe7iite consists of normal lead molybdate, and 
this salt is sometimes co-])rccipitatcd with lead 
chromate and sulphate to produce lead chrome 
pigments of modified colour (B.P. 369916; se.e 
also Linz, Jnd. Eng. Chem. 1939, 31, 298). 
Ordinary commercial ammonium molybdate con- 
sists of the pararaolybdate and is crystallised 
from solutions containing free ammonia. It 
contains about 5*8% of water of (Tystallisation, 
and forms monoclinic prisms. 

Complex Molybdates , — The w^ell-known yellow 
ammonium phosphomolybdate precipitated in a 
nitric acid solution of phosphate by ammonium 
molybdate (used in the estimation of phos- 
phorus) is but a single example of a large class 
of complex salts formed from acids derived from 
molybdic acid and quite a number of other ele- 
ments : phosphorus, arsenic, boron, silicon, tin, 
manganese, vanadium, titanium, and others. 
These heteropoly acids are classified according to 
the number of M0O3 groups associated with 
each atom of phosphoius or other complex - 
forming element ; this number usually lies 
between 6 and 12, of which the two limiting 
values are of most frequent occurrence, par- 
ticularly 12. Many of these acids are strong 
acids, and they and their salts frequently 
exhibit remarkably high solubilities in water 
and in ether. The structures of the 12-molyb- 
dates have been studied by Keggin ( J.C.S. 1935, 


575) and are based on octahedral MoOg groups, 
built into rings of three by the sharing of five 
oxygen atoms, wdth four such rings arranged tetra- 
hedrally about the central atom (phosphorus or 
the like). These large anions leave ample 8[)ace 
for the appropriate number of relatively small 
cations ami for water of crystallisatioTi. Some- 
what similar structures based on molybdenum 
rings are probable for the other complt^x molyb- 
dates ami also for the simple polymolybdates 
mentioned earlier (see also hauling, J. Amer. 
(hem. Soc. 1929, 61, 2868). 

Ammonlwm Phosjdiomolybdale^ as precipitated 
in analysis in presence of ammonium nitrate, 
always coiffains soine of that salt, together with 
combined water; on heating for a wdiilc at 180° 
it becomes converted into 

(NH4)3P04,12Mo03, 

in vvhicli form it is usually weiglunl. This com- 
! pound should contain 3-782% of 
fouml in practical analysis that better results 
are obtainable by using th(^ empirical value 
3-753%. On stronger ignition water and am- 
monia are lost and P205,24Mo03 remains. 

Permolybdates. — Molybdates in acid solu- 
tion giv(‘ a strong yellow colour wdth hydrogen 
peroxide, which cannot be (extracted by ether. 
By using strong solutions of normal potassium 
molybdate a red unstable permolybdate, 
KgMoOg, can be crystallised. Polymolybdates 
also react with hydrogen peroxide to form yellow 
per-salts, some of which are remarkably stabh;. 

“ Molybdenum Blue.'’ — A very character- 
istic reaction of molybdates is the development 
of a strong blue colour under reducing, acid 
conditions, such as by the action of hydriodic 
acid, sulphur dioxide, hydrogen sul})hide, zinc;, 
or organic; matter in ])resenco of light. (Tin* 
last is sonictimes employed as a photographic 
{U’oeess, pap(U‘ soaked in ammonium molybdate 
being used ; fixing is by washing with water, 
but the image fades in time by oxidation of the 
blue.) The blue product is also formed during 
the oxidation of the lower valency states of 
molybdenum ; it readily forms a colloidal dis- 
persion in water, from which it is coagulated by 
positive colloids. It attaches itself firmly to 
some fibres, notably silk, and is occasionally 
used as a dye. Molybdenum blue was once 
regarded as a molybdenum molybdate, and 
formulae such as MOgOg.MoOg and 

Mo02,4Mo03,x'H20 

used to represent it ; but present views do not 
go beyond noting that the colour is probably 
associated with the simultaneous presence of 
molybdenum in two states of oxidation, the 
actual proportions of each being left open. In 
some cases, other acids may also be present in 
the blue. 


Molybdenum Sulphides. 

The principal sulphide is the disulphide, 
M0S2, occurs naturally as molybdenite, 

closely resembling graphite in appearance, and 
oft/cn cleaving like mica. Jf-Ray data reveal a 
typical hexagonal layer-lattice. The disulphide 
has a density between 4-6 and 6*0, and melts at 
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1 , 185 °, dissociating at higher temperatures into 
lower sulphides. It is converted on beating in 
the air or by nitric acid into the trioxide, from 
which it may be regenerated by heating with 
sulphur. Molybdenum disulphide behaves as a 
semi-conductor of electricity, its resistance fall- 
ing as the applied e.m.f. is increased. It also 
exhibits a photoelectric effect. In thci electric 
arc, molybdenum disulphide loses sulphur and 
has been supposed to form Mo^Sg in steed grey 
needles, but Montoro (Atti. K. Accad. Lincei, 
1929 , [vi], 9 , 331 } showed that the substance 
formed is a mixture of the disidphidt^ with 
molybdenum carbide, MoCg, which can h(‘ 
dissolved out by aqua regia. 

Although molybdat(‘s are reduced to colloidal 
molybdenum blue by hydrogen sulphide in acid 
solution, prolonged action of this gas leads to 
the production of a brown insoluble molyb- 
denum trisulphide, MoSg. This sulphide de- 
comf)08es on heating out of tlu* air into the 
disulphide and sulphur, and it is soluble in 
alkali sulphides, forming n-d thiomolj'bdales, 
and in }K)lysulphi(les to form dark-coloun‘(l, 
])erthiomolvbdates. Both the thi<jmolybdates 
and the perthiomolybdates are crystallisahle and 
yield their corresponding acids in tlui solid 
conditiem on judicious treatment with diluU* 
acid. 

Molyudenum Sulphates. 

Molybdenum trioxide dissolves in concen- 
trated sulphuric acid, but the only definite com- 
pound which can be isolated is Mo02SO^, the 
structure of which is discussed by Nicholls, 
Sa;nger and Wardlaw (J.C.S. 1931 , 1444 ). 

Sulphates of quincpie valent molybdenum are 
represented only by the two browii double salts, 
4(C5HeN)2S04,6‘(Mo02)2S04,16H20 and 
(^144)2804, (M 002)2^04, 2 H2O, reported by 
the above workers. In the lower (tervalent) 
state of oxidation, a clearly defined oxysulphatc, 
M 020(804)2,5 (or 6)H20, was isolated by 
electrolytic reduction of a solution of the trioxide 
in sulphuric acid until it had become vivid 
green in colour, concentrating in vacua, and 
precipitating with acetone (Wardlaw, Nicholls, 
and Sylvester, J.C.S. 1924 , 125 , 1910 ). Double 
sulphates with ammonium, potassium, and 
rubidium have also been prepared. This oxy- 
Hulphate is, how^ever, not a true sulphate, 
because its aqueous solution gives no precipitate 
with barium chloride solution except after 
boiling ; but it exhibits strong reducing 
properties. 

Molybdenum Selenides. 

Hydrogen selenide precipitates the selenide 
M028e5 from acid solutions of molybdatc‘8; 
MoSe2 is formed by heating the trioxide with 
selenium; Mo 2863 is formed by the latter 
reaction in presence of alkali carbonate. By 
passing hydrogen selenide through strongly 
alkaline solutions of molybdates, red potassium 
selenomolybdate and blue ammonium seleno- 
molybdaie can be produced. All the selenium 
compounds formed in the wet way are decom- 
posed by oxygen, which mast be excluded when 
they are being handled. 


Molybdenum Fluorides. 

Molybdenum and fluorine react at 60 - 70 ° to 
form MoFg, a white, volatile, crystalline sub- 
stance, m.p. 17 - 5 °, b.p. 35 °, hy(irolysed by w'atcr 
to give a blue product. Sudi lowaT fluorides as 
have been reported appear doubtful. 

Mot.v udknum ( 'ulorides. 

The following chloridi s ha,v(^ been dcscrilHal : 
M0CI5, M0CI4, MoCIg. and (MoCIa).^. Th(‘ 
pentachloride forms in gia'cnish-black crystals, 
m.p. 194 °, b.}). 268 °, on heating the metal at 
dull rediu^ss in chlorin(‘. The vaj)our is dark 
red, and the substance' forms dark -red solutions 
ill inert organic solvmits such as benzene and 
carbon ti'trachloride. It combines wdth dry 
ether forming a conqiound which decomposes 
at 80 ° to give c'tliyl chloride. Molybdenum 
pi'ntachloride ii^acts with hydroxylic substances 
in th(^ same manner as phosphorus ])entachlorid(‘, 
MoOClg Ix'ing formed in the; first instance. 
With ah'ohol the ri'action stops at this jioint, 
but with waftT furtht'r hydrolysis occurs, fol- 
lowaal by self oxidation and reduction to tin* 
trioxide and the tetrachloride'. 

The tetrachloride, M0CI4, is formed as a 
vajiour when tlu^ trichloride is decomposed by 
heat, and is dejiosited as a brown pow'der. It 
deeornpost^s easily into the ]>entaehlorid('! and 
trichloride, and reacts violently with w'ater, 
giving a brown solution. 

The trichloride is formi'd on passing the 
vapour of the pentachloride, diluted w'ith carbon 
dioxide or hydrogen, through a moderately 
heated tube, in wliieh it is deposited as a reddish 
powder, it is insoluble in cold water, hut reacts 
wdth boiling water ; liydroehlorii! acid is without 
action, but sulphuric acid dissolves it to a- lilue 
solution wBieh becomes green on heating. In 
addition to this insoluble anhydrous compound, 
a red, soluble trihydrate has been prepared by 
reducing a hydrochloric acid solution of molyb- 
denum trioxide in an electrolytic cell until it 
w'as red in colour, evaporating in vacuo, and 
extracting with anhydrous ether saturated 
with hydrogen chloride. This hydrate is 
extremely hygroscopic', and is very soluble in 
wRter, absolute alcohol, or acetone, giving 
intensely red solutions with strong reducing 
properties. Alkalis precipitate a black hydr- 
oxide, soluble in acids. If potassium chloride' 

I is added to a solution of this chloride, pale red 
crystals of KgMoCljjHaO sepaT'ate on warming 
(Wardlaw and WormoU, J.C.8. 1927 , 1087 ). 

Molybdenum Dichloride — or rather its 
trimer, MOgCI^, — is formed on heating the tri- 
chloride, prefera bly out of the air, and is distinct 
from all the other chlorides on account of its 
non- volatility. It forms a yellow^ powder in- 
soluble in and unaltered by water, hut soluble 
in alcohol arid ether, in which its molecular 
weight corresponds with the triple formula give n 
above. The salt dissolves in strong hydro- 
chloric acid, and from the solution the hydrates 
MOgCIgjSHgO and Mo3Clg,HCI,4HaO can 
be crystallised. Molybdenum dichloride is un- 
doubtedly not a simple chloride, but behaves 
as the chloride of the complex [M 08014]“ ; thus 
sulphuric acid expels only two chlorine atoms as 
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hydrochloric acid ; an alcoholic solution of tliis 
chloride reacts with alcoholic silver nitrate solu- 
tion to form the nitrate, (Mo 3 Cl 4 )(N 03 ) 2 ,EtOH 
(the only known nitrate of molybdenum), while 
from a solution of the dichlorido in alkali, acetic 
acid precipitates the corresponding hy dioxide, 
(M 03 Cl 4 )( 0 H) 2 , 2 H 20 , which forms salts with 
strong acids, and also shows feebly a<‘idic 
properties. The configuration of these com- 
pounds has been discussed by Lindner (Ber. 
1922, 55 [B], 1458). 

Molybdp:num Bromides. 

The bromides MOgBi'g, MoBPg, and MoBr^ 
are known, and are quite analogous to the corre- 
sponding chlorides. Tht; pentabromide is only 
known in the form of complexes. 

Molybdenum Iodides. 

Brown Molg (probably tririK'iic) has been 
prepared from molybdenum pentachloridc and 
hydrogen iodide. It is stable up to 400"^ 
vacuo, but is oxidised in air or chlorine at 2 u 0 ‘^. 
Many mixed halides have been reported. 

Molybdenum Oxy- and Hydroxy -halides. 

Molybdenyl Fluoride, MoOF, 3 ^H 20 , or 
perhaps a tetrahydrate, is obtained as an in- 
soluble, buff-coloured precipitate by frtsating 
the corresponding chloride {see helmv) with am- 
inonium fluoride (Wardlaw and VVormell, /.r.). 
The fluoride MoOFg has not been isolated, but 
numerous salts of the types 5 MF, 3 MoOF 3 and 
2 MF,MoOF 3 have bc'cn crystallised from solu- 
tions of molybdenum dioxide in hydrofluoric 
acid to which ammonia or a nudal hydroxide 
has been added. M 0 OF 4 is formed from 
anhydrous hydrogen fluoride and the corre- 
sponding chloride, and consists of white crystals, 
m.p. 97°, b.p. 180°, which dissolve wdth a hissing 
sound in water or alcohol, becoming hydrolysed 
to MoOgFj. This compound can also be 
formed from molybdenum trioxide and hydro- 
fluoric acid ; it forms white crystals, subliming 
at 266-270°, which are hygroscopic, soluble in 
water and methyl and ethyl alcohols, but 
sparingly so in ether, chloroform, or carbon 
tetrachloride. Derivatives of the last two oxy- 
fluorides — fluomolybdates — of various com- 
positions up to M MoOFg have been prepared 
by the action of hydrofluoric acid on molyb- 
dates. 

Molybdenyl Chloride, MoOCl,4H20, is of 
interest in that it occurs in two isomeric forms, 
red and green. Both are produced by elec- 
trolytic reduction of solutions of molybdenum 
trioxide in hydrochloric atud, the particular 
form produced depending on the concentration 
of free acid. At the conclusion of the reduction, 
the solution is concentrated in vocmo, and excess 
of acetone added to precipitate the salt. Ward- 
law and collaborators regard these two modifi- 
cations as and tm/wj-arrangements of the six 
co-ordinate linkages, the green form being the 
isomer. Other molybdenyl salts (i.e., salts 
containing the radical MoO) can be prepared 
by double decomposition from this chloride; 
air must be carefully excluded, as oxidation 
occurs very easily. In solution in water without 
free acid these salts are slowly hydrolysed. In 


presence of i)ota 88 ium chloride the bright yellow 
KMoOCl 2 , 3 H 20 can be prepared (Wardlaw 
et ah, J.C.S. 1927, 130 , 512). As in the case of 
the fluorides, the quinquevalent oxychloride 
M 0 OCI 3 is unknown, but double salts such as 
2 NH 4 CI,MoOCl 3 can bo c; ry stfillised from the 
solution obtained by reducing solutions of the 
trioxidc in hydrochloric acid in presence of 
ammonium chloride (James and Wardlaw, 
ibid. 1927, 2145). The hydrolysis product, 
Mo 204 (OH)CI, can be precipitated from 
similar reduction products in the absence of 
ammonium (diloride, by precipitating with 
acetone after concentration in I’acuo. 

'riu' chloride MoO.gCI.^ of molybdit'- acid may 
be formed by the chlorination of the dioxide, 
b}^ heating a. mixture' of the trioxide and (jarbon 
in chlorine, or by judicious oxidation of the 
])cnta chloride with ox\'gcn. It sublimes easily 
w'ithout melting, ibnning thin t etragonal plates ; 
it is readily solubh', with hydrolysis, in water. 
On heating out of the air this oxychloride is said 
to pass into violet or dark red needles of 
MO 3 O 5 CI 3 . Molybdenum trioxide also unites 
readily with hydrogt'n chloride to form the 
hydroxy-oxycliloride, MoO(OH) 2 Cl 2 , which 
is readily volatile and forms white crystals. 
This substance is hydrolysed by water, but 
apparently exists to some extent in solutions of 
the trioxide in ( on centra ted hydrochloric acid, 
as it can be extracted from such solutions by 
shaking with ether, in which it is remarkably 
soluble. A paste of this substance with con- 
centrated h^uirochloric- acid solidifies on wann- 
ing to a mass of pale green prisms or plates, 
believed to be M0(OH)Cl3,7H2O. The hydr- 
oxy-derivative of the dichloride, 

Mo3Cl4(OH)2,2H20, 

has already been discussed in connection with 
that chloride. Bromine compounds analogous 
to most of the foregoing chlorine ('ompounds are 
known. 

Molybdenum Nitrides. 

Three nitrides have been reported by Hagg 
(Z. physikal. (Jhein. 1930, B, 7, 339) ; they are 
formed by heating the metal in an atmosphere 
of ammonia. The compounds MoN and 
MOgN are stable at ordinary temperatures, and 
the third, probably MOgNg, exists only above 
600°. 

Pho.sphorus Compounds op Molybdenum. 

Molybdenum Phosphide, probably MoPj, 
is formed on heating a mixture of the trioxide, 
metaphosphoric acid, and carbon to a high 
temperature. 

Molybdenum Phosphates. — Wardlaw and 
his collaborators pi^epared an insoluble molyb- 
denyl phosphate from the chloride MoOCI by 
double decomposition ; in its higher states of 
oxidation molybdenum forms the complex 
phosphoraolybdates only, mentioned in con- 
nection with molybdic acid. 

Compounds op Molybdenum with Siuoon and 
Carbon. 

A silicide, MoSi2> is formed in tetragonal 
crystals in the electric furnace by direct com- 
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bination; the only silicateH are the complex 
silicomolybdates. Two highly refractory car- 
bides, MoC and MOgC, are produced by direct 
combination at electric-arc tom|)eratur(‘.H ; they 
are very hard and inert, but can be attacked by 
fusion with oxidising agciiits. A carbonyl, 
Mo(CO) 6, is formed from finely divided, freshly 
reduced metal and carbon monoxide at high 
pressim*^ (200'^' at 250 atm.), but an easier pro- 
cedure is to conduct carbon monoxide through 
the product of reaction between molybdenum 
pontachloride and a Grignard reagent. This 
carbonyl is a white crystalline solid (rhombic), 
subliming easily between 30° and 40° and im- 
afiected by air. Tt is fairly inert, except to- 
wards oxidisiiig agents. Carbonates of molyb- 
denum are not known. 

Cyanogen Compounds. — Quadri- and qiiin- 
quc-valent molybdfuium form a series of 
molybdo- and molybdi-cyanides which bear 
considerable resemblance to the ferro- and ferri- 
(‘yanides, although the molybdenum atom co- 
ordinates eight cyanog(‘n groups. Potassium 
molybdocyanide, K4[Mo{CN)g),2H20, may be 
prepared by the action of reducing agents {e.g., 
hydrogen sulphide) on a solution of yjotassium 
molybdate and potassium cyanide, and forms 
yellow orthorhombic crystals. Partial hydrolysis 
occurs in alkaline solutions of this salt, from 
’which the red salt K^f Mo(OH)4(CN)4],6H20 
can bo crystallised. Further hydrolysis gives 
K3[Mo(CN)4(OH)3] and K2f M‘o(CN)4(OH)2] 
(blue), of w’^hich the latter is converted by dilute 
acid into the basic cyanide Mo(CN)2(OH)2. 
Oxidation of molybdocyanid('s by potassium 
permanganate and similar reagents yields 
molybdieyanides, e.g., K3[Mo(CN)g]. Double 
(or more complex) cyanid(‘s of tervalent molyb- 
denum are also known. 

Compound.^ of Molyboenum and Boron. 

The boride, MO3B4, is said to be formed from 
the elements in the electric furnace, but doubt 
exists as to its exact composition. It has been 
reported to be extremely hard and chemically 
inert. The only borates appear to be the 
complexes with rnolybdic acid. 

MOLYBDENUM, ANALYTICAL 
CHEMISTRY OF. Qualitative.— In the 

course of systematic qualitative analysis, 
molybdenum is precipitated from acid solutions 
by hydrogen sulphide, and its sulphide is soluble 
in sodium or ammonium sulphide solution along 
with those of arsenic, antimony, and tin. The 
mixed sulphides precipitated by acidification of 
the solution are dissolved in aqua regia^ and the 
resulting solution, after addition of excess of 
ferric chloride, precipitated with ammonia. The 
filtrate contains ammonium molybdate, which 
is identified as follows : 

(а) On acidification with acetic acid the solu- 
tion gives an orange to yellow coloration with 
tannin solution, due to the red molybdenum 
tannin complex, which can be flocculated by 
addition of a large excess of ammonium chloride 
to the hot solution, 

(б) The hot molybdate solution gives with 
lead acetate a white to cream-coloured precipi- 

VoL. VIII.— 16 


tate of lead molybdate, which, after filtration, 
may be identified as such by heating with a few 
drops of strong sulphuric acid until this is 
almost completely volatilised; on cooling, the 
liquid turns deep blue. Powdered molybdenum 
minerals give the same reaction when heated 
with sulphuric acid. 

(c) The solution of ammonium molybdate, 
when treated with nitriit acid, ammonium 
nitrate, and a few drops of phosphate solution, 
yields the characteristic yellow crystalline preci- 
pitate of ammonium phosphomolybdate. 

Alkaline solutions obtained after fusion of 
minerals, etc., with alkaline oxidising fluxes 
may contain molybdate, possibly with tungstate, 
vanadate, phosjihatc, arsenate, etci. Molyb- 
denum is recovered by addition of sodium tar- 
trate and sulphide, and acidification of the hot 
solution. The sulphide precipitate is dissolved 
in aqua regia and the molybdate solution tested 
as described above. 

The most sensitive test for molyl)dcnum (in the 
form of molybdate) consists in acidifying the 
solution with a mineral acid and adding potas- 
sium ethyl xanthate. In presence of 0 0000 mg. 
per ml. or more of molybdenum, a plum-red 
coloration is formed, and this can be extracted 
with an organic solvent (e.^., ether 65 and light 
petroleum 35%). For this and other tests, see 
W. R. Schoeller and A. K. Powell, “ The 
Analysis of Minerals and Ores of the Rarer 
Elements,” 2nd cd., London, 1940, p. 200. 

Quantitative : Separation . — ^Molybdenum 
may be separated as sulphide from all metals 
not precipitated by hydrogen sulphide from acid 
solutions. If the amoimt of molybdenum to be 
precipitated oxcoods a few centigrams, its 
precipitation may be incomplete owing to re- 
duction, the solution turning light blue. In 
such a case the precipitate should be filtered 
off, the filtrate boiled free from hydrogen sul- 
phide, oxidised by boiling with persulphate, 
and the treatment with hydrogen sulphide 
repeated. Precipitation with hydrogen sulphide 
imder pressure is ineffective, and is not recom- 
mended. 

The separation from tungsten and vanadium 
is effected by precipitation of molybdenum as 
sulphide from a solution containing sufficient 
tartaric acid to prevent co-precipitation of the 
two elements. Tungstic acid precipitated by 
the usual acid treatment occludes molybdenum ; 
it should be dissolved in ammoniacal tartrate 
solution, and the liquid tested with hydrogen 
sulphide after acidification. The quantitative 
separation of arsenic is effected by distillation. 
Small amounts of vanadium, as well as arsenic, 
antimony, tin, bismuth, and phosphorus, can 
be eliminated from molybdate solutions by 
precipitation on ferric hydroxide ; iron and 
copper may bo precipitated as hydroxides by 
means of caustic soda, and calcium by sodium 
carbonate. All these separation processes, as 
well as the gravimetric and volumetric methods 
given below, are fuUy described by W. F. 
Hillebrand and G. E. F. Lundell, ” Applied In- 
organic Analysis,” New York, 1929, pp. 246- 
266, and by W. R. Schoeller and A. R. Powell 
{op, cit,). 

Determination. Qravimetric . — ^Tho most re- 
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liable and convenient method for the gravi- 
metric determination of molybdenum consists 
in its precipitation as lead molybdate, which 
should always bo applied in preference to 
ignition of molybdenum sulphide to the trioxide. 
The latter operation must be conducted with 
care at a temperature not greatly exceeding 
50(rc. to avoid volatilisation losses. Precipita- 
tion as lead molybdate also separates molyb- 
denum from the bivalent metals copper, cobalt, 
nickel, manganese, zinc, and magnesium. 

Volumetric, — For the volumetric determina- 
tion, Hillebrand and Liindell {op. cit.) recom- 
mend, as a reliable me‘-lhod, the reduction of the 
molybdate solution to the sesquioxide state 
in a Jones reductor, collection of the reduced 
solution in one of ferric sulphate, and titration 
of the reduced iron. 

For colorirtieiric determination, see Chemical 
Analysis, Vol. II, 672; Elder, Analyst, 1943, 
68 , 14. 

W. K. 8. and 1). A. L. 

MOLYBDENUM MINERALS. Al- 
though several molybdenum minerals are known, 
the only one of commercial importance is the 
sulphide, molybdenite^ MoSg, which provides 
practically all the world’s supply of molyb- 
denum. The orange-yellow lead molybdate, 
vmlfenite, PbMo 04 , which is occasionally found 
in the oxidised i)arts of certain lead-molyb- 
denum veins, was formerly the main source of 
molybdenum, but is now obtained only in 
relatively small amounts from the Mammoth 
mines in Arizona. From molybdenite the 
hydrous ferric molybdate, molybdic-ochrCy is 
formed by surface alteration ; it may serve 
rarely as a minor contributory source of 
molybdenum. 

The world production of molybdenum in 1940 
is estimated at approximately 16,000 tons, of 
which the United States yielded 92%, Norw'ay 
and Mexico about 2% each, and Peru 1%. In 
the decade prior to 1940 the molybdenite- bear- 
ing quartz veins at Climax, Colorado, provided 
more than 80% of the entire world output of 
molybdenum. Since 1940, however, about 30% 
of the molybdenum produced in the United 
States has been derived as a by-product from 
the treatment of copper ores in Utah and New 
Mexico. By-product molybdenite is also being 
concentrated from the copper ores of Kounrad 
in Soviet Asia, of Braden in Chile, and elsewhere. 

For a brief statement on the uses of molyb- 
denum, and selected references to the literature, 
see Molybdenum (this Vol., p. 220a). 

D. W. 

MOLYBDITE or MOLYBDIC-OCHRE. 

This mineral, formerly considered to be molyb- 
denum trioxide, M0O3, is really a hydrated 
ferric molybdate, Fe2C53,3MoOg,7iH20. On 
account of its iron content the mineral is often 
referred to m ferrimolybdate. It occurs sparingly 
as yellowish powdery encrustations or fibrous 
tufts formed by the oxidation of molybdenite, 
and in exceptional cases it is a minor con- 
tributory source of molybdenum in the upper 
parts 01 molybdenite deposits. The existence 
of molybdic oxide as a natural mineral has not 
been established. 

D. W. 


I MOMENTS, ELECTRIC DIPOLE. The 

electric dipole moment of a substance is a measure 
of its electrical asymmetry. Since electrical 
asymmetry and structural asymmetry are often 
related, measurements of this quantity have been 
extensively used to elucidate problems of stereo- 
chemistry. The quantity is a characteristic of 
a substance and may have very different values 
for substances which in other properties are very 
similar. It therefore has possible uses in analysis 
or for following the course of reactions. 

The electric dipole moment is a very important 
physical concept in the theory of dielectrics, 
not only of the dielectric constant but also of 
dielectric loss — subjects of great industrial 
importance. 

Theory. 

In a uniform field, since all the forces on the 
negative charges associated with a molecule are 
parallel, it may be said that these charges have 
a negative ceutroid (like a centre of gravity). 
There is similarly a positive centroid. 1’he 
forces acting through these centr(nd8 must bo 
opposed and, if the molecule as a whole is 
electrically neutral, they must be equal, i.e., 
the molecule as a whole is subjected to a couple 
which is determined by the field strength, by 
the orientation of the molecule in the field, and 
by the product of total charge (lc., the sum of 
the atomic numbers) and the distance between 
the centroids, 1. This product, p, is a moment ; 
it is called the electric dipole moment of the mole- 
cule. It may readily be seen that while mole- 
cules in general have non-zero moments, it is 
possible that in some of high symmetry the 
centroids will coincide and the moment be zero. 
The moment is defined not only by its magni- 
tude, i.e., the product of the charge at one 
centroid and the distance between the centroids, 
but by the direction of the line joining the 
centroids ; it is, therefore, a vector. If the 
molecule has an axis of symmetry, the vector 
must lie along the axis ; a molecule with more 
than one such axis must therefore be non-polar. 
Similarly, if it has a plane of symmetry, the 
vector must lie in the plane ; a molecule with 
three such planes, or with an axis of symmetry 
perpendicular to a plane, is therefore non-polar. 
These rules cover many, but not all, the cases of 
non-polarity. 

Since the moment of the whole molecule is a 
vector, it may be regarded as the vector sum of 
moments characteristic of individual bonds or of 
groups. This is a very useful conception. The 
final decision as to whether or not a molecule 
should be non-polar is reached by compounding 
these group or bond moments and seeing whether 
the resultant vanishes. Sometimes, as in the 
case of the higher paraffins, a molecule which has 
no spatial symmetry and which contains bonds 
which are probably polar, nevertheless proves to 
be non-polar as a whole. 

The vector character of bonds may be illus- 
trated by the dipole moments of a number of 
chlorine derivatives of hydrocarbons, shown in 
Table I. 

The values are expressed in Debye units {see 
below). These values agree qualitatively, though 
not quantitatively, with the predictions based 
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on the vector picture. Thus, while only iran,s- 
clichloroethylene, p-dichlorobenzene, and carbon 
tetrachloride are non-polar, the moments of 
methyl chloride and chloroform are not equal, 

Taui.e I. 


Substafur. p in l). 

(Vinyl clilori(J(* 1-44) 

c/«-l)ichlorot.'thylcnc 1-74 

trans- 0 

(Chlorobenzene 1-50) 

o-l>ichlorobenzeiie 2:i:i 

m- „ 1-48 

V- ,, 0 

Methyl chloride 1<8(» 

Methyhoie dichlorirh' 150 

Chloroforni 1-48 

Carbon tetra<rhloride 0 


nor are those of chlorobenzene and m-dichloro- 
benzene, and the mom(oit of o-dichloro benzene 
is not VH times that of (hi oro benzene (2*70). 
These deviations are due to alteration of each 
dipole by the field of the other, be., by induction. 

Hy resolving the resultant moment for a mole- 
cule (»f knoun geometry, or by considering 

-f" — >. / \ --j >. -1 — > / 

CH3-<^ ^ci ch,-/ 

means whereby the dirc'ction of the dipole of 
one gremp can be determined absolutely, the 
direc tion of others may be determined by this 
method of measuring the moment of the 
approfiriate p-disubstituted compound and 
s(^eing whether the value is nearer the arith- 
metical sum or difference of the component 
moments. The nitro-group can be taken as an 
absolute basis, because the co-ordinate link from 
nitrogen to oxygen which it contains 



must certainly confer a negative charge on the 
oxygen end of the group, be., the end further 
from the aryl group. 

Although direct inductive effects are very 
small in p-disubstituted benzene compounds, 
marked departures from additivity are some- 
times founci which are not explicable except on 
the basis of valency changes arising because of 
the conjugated nature of the bond system. Thus 
p-nitroaniline has a moment of b-U) i)., which is 
0-62 D. greater than the highest possible theo- 
retical value of 5-48 d., the arithmetical sum of 
the moments of nitrobenzene and aniline. The 
existence of the inductive and the conjugation 
effects complicates the use of ele(4;ric dipole 
moments for precise investigations of geo- 
metrical structure, but, on the other hand, they 
make it possible to use the measurements to 
detect certain kinds of valency change. 

Measurement. 

The electric dipole moment of a molecule is 
determined from measurements of the dielectric 
constant of the vapour of the substance or of its 
dilute solutions in non -polar solvents such as 
benzene, carbon tetrachloride, n -hexane, cyclo- 
hexane, or l:4-dioxan. The dielectric constant 


sim})le molccuUs containing only one markedly 
polar bond or group, it is possible to obtain 
component moments of these bonds or groups ; 
but from the foregoing it will be realised that 
such values arc only of limited usefulness. When 
the polar gr()uj)s arc more than 3 a. apart they 
have little direct inductive effe(?t on each other; 
therefore some p-disubstitutcaj benzene^ com- 
pounds show good aclditivitj' {see Table II). 

Tahlk 11. 

Values of Dipole Ulorneuts in i). 

Toluene 0-4. ('lilorol)enz(ine J r>(>. Nitrobenzene 3-95. 

/)-(‘blorotoluenc .... T0.5 (190) 
/v-NitrotoliK'JK' .... 4-44 (4-35) 
7 >-Chloronitrobenzene . . . 2-57 (2-39) 

The values in parentheses are those calculated 
by simple scalar algebraic addition, on the sup- 
position that the nitro-group and chlorine atom 
hav(* the negative pokvs of their dipoles away 
from the benzene ring, while the methyl group 
has the positive })ole I’arther from the ring {see 
below). It is clear that, provided there is some 

\ -] > < — 4“ / \ “I > 

V-NOo Cl~( Vno, 

\ / 

is a function of the dipole monuait because the 
polar moleeules orient in the electric field be- 
twe(‘n the plates of a condenser, under the ac'tion 
of the couple {ride supra), and so change the 
effective charges on the platc's. Eor a gas or 
j vapour the relation between the dipole moment, 
fly and the ruacroseopic properties is given by 
the equation : 

{(€-1 )/(c + 2 )}(J//p) 

- 47r.V{a-l . . . (1) 

where c is the dielectric constant, M the mole- 
cular weight, p the density, N the Avogadro 
number, le the Boltzmann constant, and T the 
absolute temperature, a is a measure of the 
cast' witli w hic h the molecule may be deformed 
electrically in the field, and P is termed the 
mohcular polar isahility — it has the dimensions 
of volume and is expressed in c.c. 

Putting 

PHiih-AIT .... (2) 

where [ii]^47rA^a/3 and is the molecular refrac- 
tivity {see below), and A=^4irNp'^l9k, by 
measuring P at a series of temperatures and 
plotting the results against 1/T, p, can be deter- 
mine^d from the slope of the linear graph thus 
obtained. 

For a mixture of gases containing mol. frac- 
tions and of two components having 
moments and p^ and molecular weights 

and J/g’ relation is : 

=Pl^l+P^i—Pi,t • • (?) 

whore Pi=45TAr{a,+(^J/3lcr))/3 

and P,=4wAr{aj+(At|/3fcr)}/3. 

It will be notic^ed that the effect on the di- 
electric constant c of the mixture is a function 
of the square of the dipole moment. A small 
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proportion of a component with a large dipole 
moment would therefore have a marked effect 
upon Pi.g. 

For a mixture of liquids the same relation 
holds within limits, it is true if both com- 
ponents are non-polar or if one is non-polar 
(component 1) and one (component 2) weakly 
polar (/x>l*5 i>.) : when the second component 
is more polar it is assumed to be true only in 
the limit when X 2 ^ ->0. Therefore the common 
practice is to evaluate Pg infinite dilution. 
This may be done either by assuming that Pj is 
the same when a^g is small, as for pure component 
1 (when draw'ing the tangent at 

Xg^O to the curve of P^.g against which 
procedure, since dPj.g/da'g— i^ 2 — gives Pg 
if Pj is known in the limit a'g -> 0. The molecular 
polarisation, and therefore the dipoles moment, 
which is found to apply in solution for a polar 
component is, however, usually different from 
that found for the same substance in the vapour 
phase. This solvent effect is a complicated 
function of the dielectric constant of the solvent 
and of the shapes of the solvent and solute 
molec'ules ; one solvent does not have the same 
effect upon the moments of all soliitca. Further- 
more, the solvent effec't varies with temperature 
because of its de])ciulence on the dielectric con- 
stant of the solvent ; it is not possible, therefore, 
to obtain a moment in solution from the tem- 
perature variation of the molecular polarisa- 
bility. There is, however, a quite different 
method which has l)een very extensively applied 
to solution measurements. 

Ah was mentioned previously, the quantity 
irrNalS, or [PJ, is the molecular refractivity. 
At the very high frequency of the alternating 
electric field accompanying a visible light w'^ave 
the dipoles cannot orient ; the molecular 
polarisability at these frequ(.'ncies would there- 
fore contain no dipole term. In practice it is 
impossible to measure dielectric constants at 
such high frequencies, but Maxwell showed that 
if this quantity and the refractive index, n, 
could be measured at the same field frequency, 
then and the equation may be written 

[B]=4nNal3==^{{n^-l)/{nH2)}{Mlp) . (4) 

whence [P] is called the molecular refractivity. 

Hence, by measuring the dielectric constant 
in fields of relatively low frequency (10’ or less), 
the refractive index for visible light (usually the 
sodium doublet or the mercury grt^en line), and 
the density, all at a known temperature, the 
moment may be evaluated from equation (2) 
rearranged thus : 

AIT^P~IR] 

the dielectric constant giving P and the refrac- 
tive index [P]. 

For a solution of a polar solute in a non-polar 
solvent the following relation corresponds to 
equation (3) : 

= [Pi>q+[Pg>g-[Pj,g] ... (5) 

therefore [Pg], the molecular refractivity of the 
solute, can readily be obtained from the rofrac- 
tivitiea of solution and pure solvent. The 
method can therefore be applied very readily to 


I the determination of dipole moments in solu- 
! tion. 

These methods, especially the second, are 
those which have boon iised for nearly all 
measurements of mt)ments ; there are others 
but they are of little practical importance. The 
methods described give prat'tically identical 
results when applied to gases or vapours ; both 
give values affected by the solvent when applied 
to solutions, but whereas the value from the 
“ refractivity ” method is to be regarded as a 
normal moment with a solvent-effect moment 
superimposed, the value from the “ tempera- 
ture ” method is doubly complicated, owing to 
the variation of the solvent effect with tempera- 
ture, and therefore is of no practi(!al significance. 

Electric dipole moments are expressed in 
Debye units (represented n.) ; 1 n. is equivalent 
to 10“ (!.G.8. unit, being the product of a 
distance of J Angstrom unit (10“^^ cm.) and an 
electric charge of lO"^*' of an electrostatic unit. 

ReSITLTS and InDTSTRIAT. ArPLlCATlONS. 

The electric dipole momtuits of a considerable 
numbew of substances, organic and inorganic, 
have been measured in the vapour phase ; the 
number measured in solution is well over one- 
thousand and ineludes most of the commoner 
inorganic and orgfinic substances which are 
fairly soluble in the non-polar solvents listed in 
the previous siH'tion. These data are available 
in the following comjhlations : 

Transactions of the Faraday Society, 1934» 
Appendix, “ A Table of Dipole Moments.” 

Tables Annuclles de Cbnstantes et l)onn6os 
Numeriques, “ Chnstantes I)i61ectriques, 
Moments Elect riques,” Paris, 1937. 

Landolt-Bbrnstein, “ Physikalisch-Cheraische 
Tabellen,” Berlin, 5te Auflage ; 2te Ergan- 
zungsband (i) (1931), pp. 74-86; 2te Egb. 
(ii) (1931), pp. 909-1016; 3te Egb. (i) 
(1935), pp. 117-152. 

The applications to chemical problems have 
been discussed in the following monographs : 

P. Debye, “Polar Molecules,” Now York, 1929. 

Idem, “ The Dipole Moment and Chemical 
Structure,” London, 1931. 

C. P. Smyth, “ Dielectric Constant and Mole- 
cular Structure,” New York, 1931. 

J. H. Van Vleck, “ Electric and Magnetic 
Susceptibilities,” Oxford, 1932. 

N. V. Sidgwick, “ The Covalent Link in 
Chemistry,” New York, 1933. 

R. J. W. Lo F6vre, “ Dipole Moments,” 
London, 1938. 

There are also articles in such recent advanced 
text-books as S. Glasstone, “ Text Book of 
Physical Chemistry,” London, 1940. Review 
articles have appeared in the Annual Reports 
of the Chemical Society for 1931, 1935, 1936, 
and 1940; and in Chemical Reviews for 1930, 
19, 1939, 25, and 1942, 30. 

The Faraday Society held a Discussion 
reported in Trans. Faraday Soc. 1934, 80, 677 
et seq. 

The measurements can be of great value when 
problems of molecular structure arise. Alter- 
native structures which differ in symmetry can 
often be readily distinguished, e.g.^ tram struc- 
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tures may be distinguished from cis, or para di- 
suhstituted benztme compounds from oriho or 
mctaj provided that the possibilities of rotation 
of groui)s about single bonds, which may produce 
great changes in symmetry, do not cause compli- 
cations. Kxarnples of compounds the structures 
pf whi(;h have been tlius studied are ethylene 
derivatives, oximes, and diazocyanides. For 
such applications it is immaterial that measure- 
ments in solution do not give a true value of the 
moment. The apparent moment of a polar 
group forming pait of a molecule is reasonably 
constant in one solvent at a definite temperatures 
and if it is known in a giA cai environment this is 
all that is necessary for solving problems the 
essence of which is the orientation of one such 
group relative to another. More elaborate appli- 
cMtions to problems of geometrical arrangtunent 
ol' structures are possible and are discussed in th(‘ 
works cited. 

Electric dipole moments could be employcf) 
in the identification of compounds, preierably 
when the choice of possibilitif^s lies betwc'cn a few' 
compounds dilfering considerably in moment. 
The values for mc»st comyK)unds are between 1 
and 4 d., and the usual accuracy of determina- 
tion is not better than ihb-Ol o. : the moment 
alone is not, therefore, likely to be an adecpiate 
nii'ans of identification, but it can be a useful 
adjunct. 

As a means of establishing })urity the dipole 
moment could be very us(‘ful in particular cases 
where the compound proper is non-polar or has 
only a small moment, say not greater than 1-5 D., 
but the possible impurities arc highly polar. 
This is because of the fact, prt'viously remarked 
upon, that the effect on the polarisation of the 
mixture is a function of the squares of the 
moments of the components [(apiation (3)j. 

The dipole moment can be used for following 
th(‘ course of a simple reaction, as was done for' 
example in the case of the conversion oftheebs- 
to the diazocyanides (Lo Fevre and Vine, 
d ,( ’.S. 1 938, 431 ) or for analysing the equilibrium 
mixture of two simple substances, one polar 
and the other non-polar, as was done for cis- 
and ^mzw-azobenzenes (Hartlev and Le Fevre, 
ibid. 1939, 531). 

8hice the molecular polarisation of a mixture 
is a weighted mean of those of the constituents, 
it is clear that from one measurement on a mix- 
ture it is possible only to determine the propor- 
tions of two substances of known moment ; if 
there are more than two substances, one of them j 
must somehow be removed and another measure- 
ment then made. 

A very important use of eleidric dipole 
mt)mcnt8 in pure chemistry lias been in eluci- 
dating fundamental questions of electronic 
structure and of reactivity ; this may not be 
directly applicable to technical processes, but 
anything which advances the general under- 
standing of a subject is of indirect value in 
industrial problems. The matter is discussed 
in the later of the works cited. 

Since dipole moments have to be evaluated by 
calculations involving the density as well as the 
dielectric constant and refractive index, deter- 
minations cannot be made instantaneously ; 
but in suitable circumstances, e.gr., in controlling 


the composition of a binary liquid mixture, the 
dielectric constant alone can be employed, it 
can give an instantaneous and continuous indi- 
cation of composition ; and provision could 
readily be made for an audible or visible warning 
to be given if the composition deviated from a 
prc-determiried standard. The same property 
could be used to control any one ol' the three 
variables composition, pressure, or temp('rature 
of a gas stream when the other tw'o an* constant. 

If a heterodyne apparatus were enqfioyed (.‘?ee 
monographs cited above) the pre.senr-t' of a })olar 
inquirity in a gas stream could be detected by 
passing the stream Ihrough the comhmser of one 
oscillator and then, after passage through an 
absorl)eiit, through th(‘ condenser of the other 
oscillator. 

Such applications have been discussed by 
various authors ((fiiretien and Laurent, Compt. 
rend. 1932, 195, 792 ; Ecnri(iucz, Rec. trav. chim. 
1935, 54, 327 ; Henriquez and Van der Hulst, 
Chem. Weekhlad, 1935, 32, 35; Ebert, Angew. 
Chern. 1934, 47, 305; Tausz and Rurnin, 
Kolloid-Beih. 1933, 39, 58 ; MiiUer, Ind. Eng. 
Chera. [Anal.], 1941, 13, 741), but the only 
one Avhich has Ix'cn made at all extensively is 
the determination of the moisture (.‘ontent of 
porous materials. The field awaits fuller corn- 
mer(‘ial exploitation. 

The importance of the eloctiic dipole moment* 
in the theory of dic'Iectrics w'as indicated in the 
introduction. A survey of the fundamental 
princi})les and of recent developments has been 
given by Moullin (J. Inst. Elec. Eng. 1940, 86, 
113). 

APPENDIX. 

rOMMEKOIAL INSTRUMENTS FOR THE DETERMINATION 

OF Moisture Content in Porous Solids. 

As will 1)0 readily ai)i)reciatod from the foregoing, 
water al)sorbed by a porous material has a marked 
olfect on the diolectrk; constant. This principle is 
used in two instriiinonts intendc'd for moisture content 
determination of such materials in granular or powder 
form. 

One, made by the Cambridge Instrument Company, 
Ltd., utilises a higlv-froquency circuit (Catalogue 
No. 23661). The other, designed at the National 
! Physical Laboratory and made by the Baldwin Instru- 
ment Company, Ltd., works at alternating electric 
mains frequency {see “ The N.1*.L, Moisture Meter,” 

, L. Hartshorn and S. D. Mounfield, Milling, January 8, 

! 1944), In both instruments the material to be tested 
I is poured into a ciij), wliich forms a condenser, and the 
alternating current therein is rectified and passed 
through a millianmieter. This can be calibrated in 
terms of moisture content for the particular material 
under test by using samples in wliich the content is 
determined initially by whatever standard method is 
commonly used. Determinations are many times 
quicker than by ordinary methods, and the accuracy Ls 
fully adequate for most purposes. 

L. E. S. 

MOMENTUM, ANGULAR (v. this VoL, 
p. 188c). 

MOMORDICA FAT. Balsam pear-seed 
oil. Balsam apple-seed- oil. Tho Momordicacess 
(Fam. Cucurbitace.'v) are a genus of trojiical 
climbing plants with orange or red fleshy fruits. 
Toyama and Tsuchiya (Amer. Chem. Abstr. 1936, 
30, 7372) extracted 40*9% of oil from the kernels 
of Momordica chmaniia and recorded the 
following data: pf 0-9153, nf L5010, m.p. 
26-27°, acid value 0-63, sap. value 189-9, iodine 
value (Wijs) 140, unsaponifiable 0-91% (c/. 
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Garfield and Caird, Pharm. J. 1920, 104, 43). 
Toyama and Uozaki (A. 1937. III. 445) found 
a- heoBtearic acid in the oil of M. cochincMvenais, 
From this plant Kuwada and Y^Ovsiki (Amer. 
Cbem. Abstr. 1937, 31, 8542; 1940, 34, 5088; 
1941, 35, 461) isolated the sterol “ bessistorol ” 
C„H„0. O oH^O which proved to be id(*ntical 
with spinasterol. Corficld and Grant (lx.) con- 
sider that the oil (;ould be used in the manu- 
facture of paint. 

J. N. G. 

MONARDvCIN is identical with salvianin 
{v. Vol. VI., 92a). 

MONARDIN is identical with pfdanjonin 
(v. Vol. VI., 93a) (Robinson and Tod<l, d.C.S. 
1932, 2488; Karrer and Widmer, H Iv. Cliim. 
Acta, 1927, 10, 67, 729). 

MON ASC I N . The so-called red rice, which 
is met with in Eastern Asia, results from the 
growth on the rice of a fungus, Mono-scus pur- 
pureus^ Went (Earn. Monascacleae. It contains 
a red colouring matter which is said to be 
used in China for colouring beverages and 
eatables. 

By extracting “ red ’ rice with ether two 
pigments can be isolated, a deep brown -red 
substance which has not yet been obtained 
pure, and a deep j^ellow compound, ternu'd 
monascin (8alonion and Karrer, Helv. Chirn. 
Actu, 1931, 14, 18; Karrer and Geiger, \hid, 
1941, 24, 289). 

Monaacin, C2(,H240r, or CgoH-^eOg, deep 
yellow leaves, in.p. 141-112", is insoluble in 
W’ater and contains no inethoxyl group. One 
active hydrogen atom is present (Zerewitinov) 
but this is not part of a hydroxyl group since 
monascin cannot be acetylatcd or benzoylated. 
Monascin contains at least three methyl groups 
attached to carbon, and on ozonisation forms 
an ozonide which gives acetaldehyde and 
pyruvaldchyde when decomposed with water, 
indicating the preserjee of CHMe: and 
:CMe'CH:, the latter probably existing in an 
isoprene residue. Reduction with zinc dust 
converts monascin into the colourless dihydro- 
monascin, decomposing above 162'^, whilst by 
catalytic reduction four molecules of hydrogen 
are added with formation of the non -crystalline 
perhydromonaacin. Oxidation of monascin or 
perhydromonascin with potassium pt^rmaii- 
ganate yields w-hexoic acid. 

Monascin appears to possess a chromo]>horie 
system analogous to those of bixin, erocetin, 
and rhodoxanthin. It possibly contains one 
enolic hydroxyl group, whilst at least two of the 
oxygen atoms are present in carbonyl groups. 

Nishikawa (J. Agric. Chem. Soe. Japan, 1932, 
8, 1007) isolated from Monascus purpureua a 
substance termed monascorubrin, 022^^2405, red 
needles or prisms, m.p. 136°, which does not 
contain a methoxyl group and is reduced in 
presence of a catalyst to the di%dro-derivative, 
both compounds being la^vorotatory. Oxida- 
tion of monascorubrin gives monascofiavin, 
yellow rhombic platelets, m.p. 145°, 
which on catalytic reduction forms a dihydro- 
compound possessing phenolic properties. Both 
the^e compounds are dextrorotatory. w-Hexoic 
acid is produced by fusing monascorubrin with 
potash. 


It is concluded, therefore, that monas- 
corubrin contains a double bond, a straight chain 
of six carbon atoms, and probably a benzene 
nucleus. 

E. J. C. 

MONAZITE. A mineral consisting of 
phosphate of the rare-earth metals, essentially 
(Ce.La,Nd,Pr)P 04 , usually with some thorium 
silicate, ThSiO j. The thoria content generally 
ranges from 1 to ubo\it 18%. An average of 
several analyHcs of commer(‘ial monazite is 
CcoOg .30, LaaO;,, etc., 30, PgOg 26, ThOg 8, 
YgOjt, etc., ] ry, and SiOg 13%. It crystallises 
in tile monoelinic system, but well-formed 
crystals are rare and mostly small, and often 
occur as tablets ftattened parallel to the ortho- 
[)inacoid. Monazite is usually found in granular 
masses, and (H)mmonly as beach and river sands. 
It posai'sses a good parting parallel to the basal 
plane, has a hardness of 5i, and p 4-9 -5-3. 
(Tystals or masses within pegmatite veins are 
generally yellowish-brown or reddish-brown and 
almost opaque, but the rounded grains found 
in beach deposits are translucent and have 
honey-yellow and brown tints, and a resinous 
lustre. Monazite sand can be cracked easily 
between the teeth. A ready method of identili- 
cation is by means of a direct- vision pocket 
spectroscope or an oyc[)iece sj)0('troscopic attach- 
ment to the mi(Toscope, in which the character- 
istic absorption spectra of neodymium and 
praseodymium can bo seen. 

Monazite is a comparatively rare mineral 
found in some granites and associated peg- 
matites, and in certain gneisses. Wuch occur- 
rences are not rich enough to be exploited, but 
since the mineral is extremely resistant to 
decomposition and weathering it IxH’omes con- 
centrated in river and beach sands, together 
with other resistant and heavy minerals such as 
zircon, rutile, magnetite, and ilmenite. The 
world production of monazite in 1938 was about 
6,000 tons, nearly 90% of whicdi came from the 
beach sands of Travaneorc in Southern India, 
the remainder coming largely from sands in 
Brazil, the Netherlands East Indies, and New 
South Wales. 

Monazite is the chief source of thorium and 
cerium, and also of lanthanum, neodymium, 
praseodymium, and the radioactive element, 
mesothorium. Much of the thorium extracted 
from monazite is used in the preparation of 
thorium nitrate for the manufacture of in- 
candescent gas mantles, which consist of 99% 
of thoria and 1% of oeria. Thoria is a super- „ 
refractory employed in crucibles for melting 
pure metals at temperatures up to 2,3(X)°c., 
and is probably the most refractory oxide known. 
Metallic thorium is alloyed with tungsten in 
ductile filaments and electron-discharge devices. 
The use of thorium in photoelectric cells, glow- 
tubes, electrodes, and Jf-ray targets is increasing, 
and there is little doubt that the radioactive 
properties of the metal will find greater service 
in the future. Mesothorium, which is normally 
present in monazite to the extent of about 3 mg. 
per ton, is a very valuable by-product, since it 
is approximately 30 times as radioactive as 
radium. It is used in the treatment of 
cancer and malignant skin diseases, and as an 
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ingredient of luminous paints. Cerium is 
widely used in making ferrocerium, or pyrophoric 
alloy (“ mischmetall ”), consisting of about 70% 
of cerium and 30% of iron, for the manufacture 
of “ flints ” for cigarette lighters, etc. Because 
of its afiinity for oxygen, cerium acts as a 
reducing agent in the production of metallic 
zirconium and thorium, and the metal has 
recently been used in some light alloys. The 
sulphate is employed in making aniline black 
and in rectifying over- developed negatives in 
photography, whilst other cerium salts find 
limited service in medicine, ceramics, optical 
glassware, dyeing, and tanning. Considerable 
quantities of cerium fluoride arc utilised in 
making electrodes for electric arc lamps find 
searchlights. Besides being used with cerium 
in pyrophoric alloys and flaming carbons, 
lanthanum and neodymium are in some demand 
in the textile industry, as preservatives, and in 
glass and ceramics as coloriscrs, decolorisers, and 
opacifiers, whilst lanthanum oxide is also used 
as a catalyst and as a weighing agent for silk. 

References.- 'K. Ladoo, “ J^on>iu<‘tallic Minerals,” 
N('w York, 1925, p. 392; F. L. Hess, in “Industrial 
Minerals and Koeks,” American Institute of Mining 
and Metallurgical Engineers, New York, 1937, Chap. 
XXX ; L. 1j. Fermor, “Monazitc,” llec. Gcol. Survey 
India, 193.5, 70, 200 ; S. I. Levy, “ The Hare Earths, 
Their Occurrence, Chemistry, and Technology,” 
liOndon, 1915. 

I). W. 

MONO GAS (?;. Vol. V, 376a). 

MONEL.’* Monel is a nickel-copper 
alloy produced from ore mined in the Sudbury 
district of Ontario, Canada. The ore, which is 
fairly uniform in character, is smelted without 
separation of the constituent metals, the eom- 
j)osition being controlled to fall within a pre- 
determined range. Nominal compositions of 
the standard grades, all of which are marketed 
under this registered trademark, are given in 
Table 1. 


Tabi.e T. — Chemical CoMrosiTioNs. 


Metal. 

Ni.* 

Cu. 

Fe. 

Mn. 

Si. 

C. 

S. 

Al. 

RolHd 
Products. 1 
"Monel” . 

67 

1 

30 

1*4 

1*0 

0*1 

01 5 

001 


“ K Monel ” 

Castings 
” Monel” 

67 

29 1 

0*9 

0*4 

0*50 

01 5 

0*005 

2*75 

67 

29 

1*5 

0*9 

1*25 

0*3 

0015 



♦ Includes small perccutag(‘ of Co. 


The compositions are designed to provide 
various combinations of properties. Most uses 
depend upon the combination of one or more of 
the mechanical properties with corrosion 
resistance. 

Metallography. 

The internal structure of “ Monel ” is simple 
and homogeneous. Annealed and hot-rolled 
material consists of polygonal grains of the 
nickel-copper solid solution. Castings have the 
typical cored structure of single solid solutions. 

Manufacture, 

Smelting practice follows that applicable to 
nickel-copper ores for the production of elec- 


trolytic nickel, but final separation of the main 
elements is not (tarried out. After separation 
of the sulphide ore from rock and gangue by 
flotation, it is smelted and roasted to mixed 
oxides of copper and nickel. These mixed 
oxides are heated together with carbon to reduce 
them to metal, the carbon content of which is 
then adjusted and the metal deoxidised with 
suitable deoxidants including manganese and 
magnesium. Ferromanganese may be used if 
it is necessary to increase the iron content. 
Deoxidation is carried o\it in the furnace. 

The forging and rolling temperature range for 
ingots is 1, 175-1, 010°c. The “hot-short” 
range, within which forging is not possible, is 
870-650°c. The best bending range is 1,230- 
l,040°c. As far as possible, reduction is carried 
out by hot rolling ; cold working is confined to 
the production of sheet, wire, strip, and rod, or 
is used to provide higher strength or other special 
properties. Bright annealing, which is advan- 
tageons in the final stages of manufacture, is 
standard practice. Freedom from oxidation is 
secured by a protective atmosphere or by box or 
pack annealing. The temperature for close 
annealing is 7fl0°c. ; this temperature should be 
maintained for 2-() hours. Shorter times and 
higher tcm])eratures (up to 9(K)°c.) are used for 
open annealing or in continuous furnaces. 

Physical Properties. 

Density. — The value for the alloy containing 
()8-5% of nk*kel is 8-80 (0'318 lb. per cii. in.). 

CJmnge of Stats. — The melting-point varies in 
the range 1, 300-1, 3.5()°c. The magnetic trans- 
formation to the non -magnetic form occurs 
w^hen the temperature rises above 95”c. The 
transition temperature is lowered by increase 
in copper content. 

Specific Heat. — The specific heat is 0*127 
g.-cal. per g. per between 20 and 400°c. 
The latent heat of fusion is 68 g.-cal. per g. 

Thermal Expansivity. — The mean coeffieient 
thermal expansion between 25 and lOO'^c. i.s 
0*000014 ; between 25 and 600°c. it is 0*000016. 

Thermal Conductivity. — The thermal con- 
diH’tivity is 0*06 g.-cal. per c.c. j)er sec. per °o. in 
the range 0-100°c. 

Electrical Resistivity. — The average value of 
drawn wire is 42*5 microhm- cm. or 256 ohm -mil- 
foot with a temperature coeffieient of resistivity 
at 20^’c. of 0 0019 per °c. The value rises to 
72*5 microhm-cm. at l,000°c. The alloy is not 
used for electrical resistance purposes. 

Magnetic Properties. — The alloy is weakly 
magnetic, the degree varying with composition, 
amount of cold work, and heat treatment. 
Figures for magnetic induction under a field of 
100 gauss and approximate transformation 
temperatures are given in Table II. 


Table II. — Magnetic Properties. 



Magnetic 

Transformation 

Material. 

induction, 

temperatures, 


Gauss. 

“c. 

"Monel” . 

1,000-1,500. 

90-96. 

"Monel” (cast 
silicon) . . 

” K Monel ” . 

Non-magnetlc. 

Below —40. 

Non-magnetic. 

Below —79. 
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Optical Properties . — Values for the optical 
reflectivity of rolled Monel,"' as determined 
by Coblentz, are given in Table III. 

Elasticity. — ^Young’s modulus of elasticity for 
“ Monel ” is 26,000,000 lb. per sq. in. in tension, 
and 9,500,000 lb. per sq. in. in torsion. 


Table III. — Optical Reflectivity of 
Rolled “ Monel." 


Wave- 
lengtli of 
light in 
microns 
(^=■0011 
mm.) 

Reflec- 

tivity, 

%. 

Wave- 
length of 
light in 
microns 
(|x-0001 
mm.) 

Reflec- 

tivity, 

%. 

0-45 

56-5 

105 

73 0 

0-50 

67*8 

1-10 

73-6 

0 55 

59-0 

1-20 

74-8 

0-60 

60-2 

1-40 

770 

0-65 

61-8 

1-50 

78-2 

0-70 

63-7 

1-75 

81-2 

0*75 

65-6 

200 

83-8 

080* 

07-2 

2-50 

87*0 

0-90 

70-0 

300 

88-7 

0-95 

7M 

3-50 

89-6 

1-00 

72-3 

400 

910 


* Infra-red, where wave-length = 0-80g and over. 


Mechanical Pkoperties. 

The mechanical properties of “ Monel ” in 
the hot-rolled condition approximate to those 
of mild steel, but the general level is raised by 
cold work, as may bo seen from Table IV. 

“ K Monel" which is responsive to thermal 
treatment, is produced by the addition of 
aluminium to normal “ Monel." As the thermal 
hardening temperature is below that at which 
the effects of cold work are removed, it is 
possible to superimpose the thermal hardening 
on material v hich has been already hardened 
by <‘old work and, in this way, to develop the 
maximum strength and hardness characteristics. 

Typical mechanical properties, at room tem- 
perature, for the conditions in which “ K 
Monel " is princii)ally employed, are given in 
Table V. 

Heat-treatment of “ K tAonel." — “ K 

M oriel " is softened by heating to 950-1, 000°o. 
and quenching in water or oil. Certain thin 
strip sections need not bo quenched, but may 
be cooled in air rapidly enough to retain the 
material in a softened condition. Heavy sec- 
tions must be quenched. 

Hardening of “ K Monel." — “ A Monel " is 


Table IV. — Range of Mechanical Properties of “ Monel." 


Form. 

('Jondition. 

Ultimate 
strength, 
tons i>er 
s(i. in. 

Yield 
point, 
tons per 
sq. in. 

Klongation 

on 

4 VC area), 

%. 

Izod 
impact 
value, 
ft. lb. 

Brin ell 
range. 

Rounds, squares, 

Cold-rolled or drawn. 

40-45 

3.5-40 

19 

115- 75 

190-210 

rectangle.s, hex- 

Do., annealed. 

3H-35 

14-17 

35 

120- 90 

110-120 

agons. 

Hot-rolled. 

34-38 

15-18 

35 

120-100 

120-140 

Plate. 

Hot-rolled. 

34-38 

15-18 

35 

120-100 

120-140 

Sheet and strip. 

C\)ld-rolled. 

45-50 

40 -45 

15 



200-220 

Do., annealed. 

30 33 

14-1('> 

30 

— 

100-110 

Wire. 

Cold-drawn. 

55-00 



2 






Do., annealed. 

29-33 

14~1() 

35 

— 


Tubing. 

Cold-drawn. 

40-47 

27-33 

10 






Do., annealed. 

29-38 

11-15 

20 


- 

Castlng.s : 







I^ormal composi- 







tion. 

As cast. 

23-33 

i 1J-J5 

10-40 

50-80 

100- 140 

(Containing 
3-75% of sili- 







con. 

As cast. 

40-45 

40-45 

Nil 

0-4 

230-260* 


* Brincll hardness immbera up to 390 can bo obtained witii increased silicon and iron content. 


Table V. — Mechanical Properties of “ K Monel." 


Form. 

Condition. 

Ultimate 
strength, 
tons per 
sq. in. 

Yield 
point, 
tuns per 
sq. in. 

Elongation 

on 

4 V (area), 
%. 

Izod 
impact 
value, 
ft. lb. 

Brinell 

range. 

Rod. 

Hot-rolled. 

39 

19 

35 

90 

130-160 

Rod. 

Hot-rolled and ther- 
mally hardened. 

60 

43 

30 

50 

250-280 

Rod, wire, tube, 
strip. 

Cold- worked, iwt ther- 
mally hardened. 

“ 

— 

— 



200-220 

Rod, wire, tube, 
stiip. 

Cold- worked and ther- 
mally hardened. 

« 72 

60 

16 

30 

300-320 

Rod, wire, tube, 
strip. 

Cold-worked, softened, 
and thermally hard- 
ened. 

68 

40 

80 

30 

240-270 
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hardened by heating to, and holding at, a pre- 
determined temperature for a period of 1-12 
hours. The temperature and the time vary with 
the size and previous history of the part to he 
treated. Figures for cold-worked “ K Monel ” 
are given in Table VI. 


Tabi.e VI. — Heat Treatment Procedure 
FOR Cold -WORKED “ K MoneV 


Initial 

Hrincll 

hardness. 

Treatment. 

Approxi- 
mate final 
Jirinell 
hardness. 

180-2.30 

2 hours 540-580^0., 
furnace cooled. 

280-320 

230-270 

2 hours 520-5()0”0., 
furnace cooled. j 

320-350 

270-320 

8 hours ,'il0-.540°o., 
furnace cooled. 

350-380 


Slow cooling from the hardening temperature 
is necessary to dcveloj) maximum hardness, and 
should be carried out in the fnma(‘e. The rate 
of cooling down to 350‘^c. should not ex(‘eed 30° 
])er hour. 

Tensile Strengths at Elevated Tempera- 
tures. — “ Monel ” r('tains a high proportion of 
strength at tem]>(‘ratures up to approximately 
400°c., after which there is a sharp fall. Pesults 
of tests at elevated temperatures are givmi in 
Table VI L 


Table VI J.— Tensile Tests of “ MoneV 
AT Et.evatei) Temteratures. 


Tom])era- 

ture, 

°0. 

intimate 
strength, 
tons per 
sq. in. 

Yield 
point, 
tons per 
sq. in. 

Elongation, 

%. 

15 

37-8 

14-7 

45*8 

200 

350 

11-5 

44-8 

425 

30-8 

lJ-3 

51-0 

650 

14-3 

8*2 

32-8 

825 

6-5 

3-7 

i 40-0 

Fatigue Properties 

. — “ Monel ’ 

has better 


fatigue properties in the “ cold -worked and 
stress-relief annealed ” condition than in the 
“ hot-rolled ” or “ soft-annealed ” condition. 

Results of fatigue tests carried out in a rotating 
cantilever machine are given in Tabic VIII. 


Table VIII. — Fatigue Properties. 


Material. 

Condition, 

Specimens 
remained un- 
broken after 
10,000,000 cycles, 
at the stresses 
indicated. 

Monel." 

Annealed. 

Hard - drawn, 
stress - relief 
annealed. 

Plus and minus 16-5 
tons per sq. in. 
Plus and minus 22-0 
tons per sq. in. 

“ K Monel" 

Hot - rolled and 
thermally 
hardened. 

Cold - drawn and 
thermally 
hardened. 

Plus and minus 20-0 
tons per sq. in. 

Plus and minus 22-0 
tons per sq. In. 


“ Monel ” has good resistance to fatigue 
stresses in the presence of corrosive agents. The 
corrosion fatigue figures in Table IX, which 
represent the stresses required to cause failure 
of specimens rotated in brackish sea-water at 
1,4.50 r.p.m. for 10,000,000 cycles, were obtained 
experimentally. 


Table IX. — Corrosion Fatkute 
I^operties of “ Moriei:' 


Tensile 

i 

Fatigue 

limits, 

Corrosion 

fatigue 

strength. 

limits, 

tons per sq. in. 

± 

tons per sq. in. 

i 

tons per sq. in. 

57-6 

220 

14-5 


Spring Properties. — For very light-duty 
springs, such as garter springs on carbon gland 
packings, “ Monel ” has given continuous 
reliable service for u]) to six years with super- 
heated steam at 370°c. For heavier-duty 
springs, "'Monel ” should not generally bo used 
at temperatures above 200°c. 

Springs can be formed direct from hard-drawn, 
“ spring-quality ” ware. “ K Monel ” is advan- 
tageous only for springs of large size or of special 
tyjies, where the ability to harden by thermal 
treatment after forming is an advantage. “ K 
Memel ” springs are serviceable in superheated 
steam up to about the same temperature limit as 
" Monel 

The tensile strength of hard -drawn “ spring- 
quality ” wire (I in. diameter) in “ Monel ” is 
above 58 tons i>er sq. in. Heavier wires have 
slightly lower tensile strengths. 

Springs made from “ Monei:’ after forming, 
should be subjected to a stress-relief anneal for 
30 -CO minutes at a temperature of 300°c. This 
gives added resiliency by improving the limit 
of proj)ortionality. 

Low Temperature Values. — The proof 
stress (or yield point), the tensile strength, and 
the Brincll hardness of “ Monel ' all increase as 
the temperature is hiwered. The proof stress 
at — 2C0°c. is twice that at room temperature, 
and the tensile strength is 65% higher. There 
is no loss in ductility as the temperature is 
decreased, the elongation at --26()°c. being the 
same as that at room temperature and at inter- 
mediate temperatures. The modulus of elasticity 
tends to increase slightly as the temperature is 
lowered. Fatigue stress, which can be sup- 
ported for a total fatigue life of 40 million cycles, 
is 16 tons per sq. in. at 20°c. and 17 tons per sq. 
in. at — 40°c. Impact properties arc unaffected 
by decrease in temperature. Welds which gave 
78 ft.-lb. at room temperature gave 73 ft. -lb. at 
— 19(Fc. The coefficient of thermal exi>an8ion 
of annealed wrought material increases slightly 
with decrease in temperature, and the metal 
becomes more magnetic. 

Resistance to Corrosion. 

“ Monel ” is highly resistant to many cor- 
rosive agents, owing primarily to its high nickel- 
content. Variations in composition, siu-face 
finish, and physical condition have little effect 
on corrosion resistance. 
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The metal is not appreciably affected by atmo- 
spheric conditions, although it tarnishes fairly 
quickly, and in a city atmosphere slowly 
develops a green patina. It is resistant to cor- 
rosion by water, including brines, and practically 
immune from attack by all alkaline materials. 

Monel ” is not affected appreciably by 
acetylene ; ethyl and methyl alcohol ; dry 
(gaseous and liquid) ammonia; ammonium 
chloride and sulphide ; fused caustic alkalis or 
carbonates or their aqueous solutions ; carbon 
dioxide and tetrachloride ; petroleum and 
mineral oils generally ; phenol and eresylic 
acids ; dye liquors ; formaldehyde ; most fruit 
juices; pure gelatin; glycerin; hydrocyanic, 
hydrofluoric, and hydrofluosilioic acids ; lin- 
seed oil ; nitrocellulose and nitroglycerin ; most 
vegetable oils ; oxygen ; perchlorethylene ; 
potassium iodide and nitrate ; radium and 
radium-barium concentrates ; synthetic resins ; 
latex ; sodium bicarbonate, silicate, sulphate, 
and sulphide ; standi ; stearic and tannic acids ; 
viscose ; zinc cdiloride and sulphate. 

“ Monel ” offers fair resistance to cold acotii* 
acid at concentrations up to 20%. Hot ac^etic 
acid is corrosive, even in low concentrations. 
Aqueous chlorine and hypochlorite solutions are 
highly corrosive, except at very low concentra- 
tions, With the exception of mercury, low 
melting-point metals attac.-k “ Monel ” more or 
less rapidly. Sulphurous, nitric, and cliromic 
acids attack “ Monel ” severely. “ Monel ” 
resists attack by air-free solutions of hydro- 
chloric acid in concentrations under 20% at 
atmospheric temperature, and in concentrations 
under 2% at higher temperatures. It resists 
attack by sulphuric acid, if air or other oxidising 
media are absent, up to about 80% concentra- 
tion. Air-saturated acid of lower concentration 
is usually corrosive. Care must also be taken 
when specifying “ Monel ” for use with bleach • 
liquors, citric acid, dyestuffs, hydrogen sulphide, 
mercuric chloride, nickel sulphate, nitrous acid, 
oxalic acid, phosphoric acid, tartaric acid, potas- 
sium permanganate, salt, copper slimes, soap, 
sodium hydroxide, sulphur chloride, sulphur 
dioxide, tin tetrachloride, and vinegar. 

A. E. H. 

MONITE (v. Vol. Ill, 294a). 

MONKEY N UTS, pea-ww/5 {v. Vol. I, 454c; 
VI, 138a). 

MONO B EL (t^. Vol. IV, 553 g). 

MONOCROTALINE. Greshoff for the 
first time mentioned the presence of an alkaloid 
in Crotalaria reiusa and C. striata without 
giving any details ; from C. spectabilis Roth the 
base monocroialine was isolated by Neal, 
Rusoff and Ahmann (J. Amer. Chern. 8oc. 1935, 
57, 2560, with earlier references). 

Monocrotaline (I), Ci8H230gN crystallises in 
white prisms from ethanol, m.p. 197-198° 
[a]© --64-7° and contains no — OMe or > N Me 
groups. The hydrochloride ^ white prisms, has m.p. 
184° (decomp.) and the methiodidef white prisms, 
m.p. 205° (decorap.). For extraction of the 
base^c/. Adams and Rogers {ibid. 1939, 61, 2815). 
The yield is 3*2% from seeds of C. spectabilis or 
T89% from seeds of C. retuaa. 


The formula CigHgaO^N resembles closely 
those of the Senecio, Heliotropium, and Tri- 
chodesma alkaloids (c/. Senecio, ALKAiiOiDS 
or). Hydrolysis of monocrotaline confirmed 
this supposition, for alkaline cleavage yielded 
basic retronecine (II), obtained before by 
hydrolysis of several Senecio alkaloids, and 
monocrotic acid (III) according to the following 
scheme : 

Ci6H230eN+H20[Ba(0H)2] 

-> CgHigO^N (II) +C7 Hi203(II1) +CO 2 
On hydrogenation monocrotaline was split 
into refronecanol (IV) and monocroialic acid (V) 
(r/. Menshikov, Ber. 1935, 68 [B], 1051 ; Barger 
et a/., J.C.S. 1935, 11). The two reactions 
together indicate that the alkaloid is an ester 
of retronecine, in which one hydroxyl group of 
the base is covered by monocrotalic acid. 

Acidic Scission Products . — If monocrotalic 
acid (V), white plates from acetone and light 
petroleum, m.p. 181-182°, [a]^^ — 5-33° is 

heated with alkali, carbon dioxide is lost {see 
above) and monocrotic acid (III), an optically 
inactive oil, b.p. ]45-146°/18 mm. is obtained. 
Adams and Long (J. Amcr. (3iem. Soc. 1940, 62, 
2289) identified (111) as dimethyllsevulinic acid, 
CHa-CO CHMeCHMeCOgH (m.p. of the 
methyl ester of the dinitrophenylhydrazone 
107-109° and 121-122°, cf. Adams, Rogers, and 
Sprules, ibid. 1939, 61, 2819). The constitution 
of {V) is not yet established, although several 
alternative formulae have been proposed (Adams 
and Long, l.c . ; Adams, Rogers, and Long, ibid. 
1939, 61, 2822) of which the following seems to 
be the most probable : 

MeCH~C(OH) CHg COgH 



MeCH— CO 

V. 

Basic Scission Products. — Retronecine (II) 
crystallises from acetone in irregular prisms, 
m.p. 121°, [a/p +49*3°; the hydrochloride, m.p. 
161-162°, forms white prisms ; the picrate of the 
diacstyl derivative has m.p. 146°. Retronecanol 
(IV) forms white crystals, m.p. 95-96°, b.p. 
140°/30 mm. ; the hydrochloride has m.p. 210° 
(decomp.), and the methiodide forms white plates, 
m.p. 193°. Retronecine contains two hydroxyls 
and one double bond, whilst retronecanol is 
saturated and (xmtains one hydroxyl group. 
The two bases are identical with those obtained 
by Manske (Canad. J. Res. 1931, 5, 651) and 
Barger and co-woi-kers (^ee above) by similar 
treatment of the alkaloid retrorsine (from Senecio 
retrorsus ) they are isomeric and probably 
stereoisomeric with the analogous basic sub- 
stances from the alkaloid heliotrine (Menshikov, 
Ber. 1933, 66 [B], 875 and later). Many other 
alkaloids from several genera of plants fall into 
the same family in that hydrolysis and hydro- 
genolysis give bases identical with those result- 
ing from retrorsine or heliotrine {cf. J. Amer. 
Chem. Soc. 1939, 61, 2817). Heliotridane, the 
parent base of the alkaloid heliotrine was shown 
by Menshikov and other Russian authors to be 



1 -mcthylpyrrolizidine {cf. Adams and Rogers, 
ibid, 1941, '63, 228) : 

CHg CH CHMe 

I I I 

CHo N CHg 

"x X 

CHg CHg 

On these grounds Adams and Rogers prox)08ed 
the following constitutions for (11), (IV'), and (1) : 

(/3) (a) 

HO CH CH ^ CMe OH 

i I I 

CH N CHg 

CH CHa 

U. 

CH, CH CMe OH 

I I I 

CH, N CHa 

CHa CH2 

IV. 

RCO,CH CH CMeOH 

“I I I 

CH N CH, 

X X N // 

CH CH2 

(R CO?' roproscnts a iiionocrotali(; acid residue.) 

1 . 

In (II) the two hydroxyl-groups differ in their 
behaviour ; the a-hydroxyl is tertiary and 
difficult to esterify, whilst the. /3-hydroxyI is 
very labile and prone to removal by hydrogena- 
tion (hydrogenolysis). (For further details see 
Adams and Rogers, ibid. 1941, 68, 537). 

Sehl. 

MONOGERMANE {v. Vol. V, 521d). 
MONOLAYERS {v. Sukface Films). 
MONOTROPIN {V. Vol. V, 503c). 
MONOTROPITIN {v, Vol. Vi, 92ff). 
MONTAN WAX. Bitumen tuax. During 
the last fifty years, the extensive brown-coal 
(lignite) deposits of the Rheinland, Saxony, and 
Thuringia have been the site of a relatively new 
industry — ^the extraction of inontan wax (von 
Boyen, Chem.-Ztg. 1903, 27, 651). For this 
purpose the lignite is extracted with {e.g.) a 
mixture of benzene and alcohol (G.P. 305349 
523095) preferably under pressure. The evap )- 
rated extract, forming hard, brittle, dark-brown 
lustrous masses, is crude montan wax. It is 
soluble in hot light petroleum, which on cooling 
deposits the wax fraction while about 25% 
(varies greatly) of resin remains dissolved, as 
in the technical separation {cf. G.P. 523531). 

Refining. — A yeUowish-white refined wax is 
obtained from the crude by vacuum distillation 
with superheated steam (G.P. 101373). The 
hard black residue in the. still is montan pitch 
used for moulding electrical insulators. There 
are numerous processes of chemical bleaching 
with acids or with acid chromate solutions 
(G.P. 493953, 503617, 523201 ; F.P. 829021). 
Tha acids and alcohols may be prepared from 
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montan wax, separately bleached, and the pro- 
ducts esterified together (U.S.P. 1985871). 

Qomposition. — Considerable variations are 
recorded. A sample contained : montanic acid 
(free) esterified 28%, aliphatic alcohols 

(esterified) 25%, substances of unknown con- 
stitution 30%. Tctracosanol, ceryl alcohol, 
and myricyl alcohol {v. this Vol., p. 258d) are 
reported as present (l^schorr et al. Ber. 1920, 
53 IB], 2147; Z. angew. Chera. 1921, 34, 334) 
but wax products are frequently mixtures 
(Chibnall ef ah, Biochem. J. 1934, 28. 2189). 
The best supported formula for montanic acid is 
CogHgeOg, with m.p. 86-86*5° (Holde et al., 
Brennstoff-Chem. 1934, 15, 311), although 

Tropsch and Stadler {ibid. 1934, 15, 201) propose 
CggHggOg, with m.p. 89*3°. In addition they 
found the acids C 05 , C27, Cgj. The acid values 
of a crude, distilled and bleached wax were 
respectively 31, 93*0, 13*6; the corresponding 
saponificatioi values were 02, 94*5, 111 (Marcus- 
son et al., Chem. Umschau, 1931, 38, 253 ; 
B. 1931, 1000; Eiscnreich, Chem. Rev. 1909, 
16, 211). Montanone, the ketone 

of montanic aeitl, is the characteristic substance 
contained in the unsapoiiifiable fraction of the 
wax. Its reduction gives a secondary alcohol 
employed in testing for montan wax (Griin and 
Ulbrich, Chem. I’mschau, 1916, 23, 57; cf. for 
melting-points, Easterfield and Taylor, J.C.S. 
1911, 99, 2302). 

Uses. — In general, montan wax replaces part 
or the whole of eamauba wax in shoe, floor, 
leather, and furniture polishes. It is a sub- 
stitute for rosin in sizing paper (U.S.P. 2030385) 
and serves for impregnating w^ood (U.S.P. 
2031973), for waterproofing textiles (G.P. 
307111) and as an ingredient of moulding com- 
positions (Baerlocher, Farben-Chem. 1938, 9, 
191, 198) and candle wax {v, Vol. II. 264c). 

liiblioqraphy H. Abraham, “Asphalt and Allied 
Substances,’' 5th ed., New Vork, 1(H5; C. Ebel, 

“ Pabrikation von Selmhereme,” Halle a. S., 1930 ; 
E. Erdmann and M. Doieh, “ Pheniie der Jiraunkohle.,’’ 
2nd ed., Kerlin, 1927 ; E. J. Fischer, “ Wachse,” 
Dresden, 103-1; W. Fuchs, “ (’In'mie der Kohlc,” 
Berlin, 1031 ; 11. H. Lowry, “ (-lumiistry of (’oal 

DtiJisation," New York, 101.5 ; E. Lfideckc, “ Wachse 
u. VVachskorper,” in Ubbelohde’s “ Chemie 11 . Tech- 
noIoKie der Ole u. Fette,” I.eipzig, 1920 ; F. Ullmann, 

** Enzyklopftdm d('r technischen Chemie,” 2nd ed., 
Berlin, 1928 (drawings of plant, Vol. II, pp. 017, 019). 

J. N. G. 

“ MONTANIN ” {V. Vol. IV, 23a). 

MONTEBRASITE {v. Vol. I, 303d). 

MONTMORILLONITE. A clay mineral 
belonging to the montmrtrillonile group, which 
also includes beidellite, nontronite, and mag- 
nesian bentonite. Z-Ray diffraction studies in 
combination with optical examination, dehydra- 
tion, and dye-absorption tests, and chemical 
analyses, have recently added much to the 
understanding of this formerly obscure group of 
minerals. All its members are characterised by 
three-layer lattice structures, thus differing from 
the two-layer kaolin group of minerals. The 
formula for montmorillonite is expressed 
approximately as Al2Si40i(,(0H)g,wH20, but 
its composition is variable owing to the wide 
isomorphous substitution which is possible, 
including the replacement of silicon by alumi- 
nium and perhaps aluminium by magnesium. 
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MONTMORILLONITE. 


According to Nagelschmidt (Min. Mag. 1938, 
26, 140) the montmorillonite group has three 
end-members : montmorillonite, Al2Si40ij, 

nontronite, Fe2Si40i,, and magnesium -beidel- 
lite, Mg3Si40ii, the formulae corresponding to 
the completely dehydrated end-members, free 
from isomorphous substitutions. Each member 
possesses high bawse-oxchange capacity of the 
order 90 milli-eqnivalents per 100 g., a variable 
basal spacing on JT-ray diagrams of specimens 
at difierent moisture -contents, and a large 
amount of water which is reversibly absorbed 
or released according to the temperature and 
relative humidity. With fluctuation in water 
content the crystal lattice expands or shrinks 
at right-angles to the layers of the crystal 
structure. Most of the exchangeable base is 
held between the double-layer units, which are 
separated by one or more layers of water each 
approximately 3 a. in thickness, the water being 
expelled at 200°c. The structure of mont- 
morillonite is so open that water and salt solu- 
tions can easily penetrate to the interior of the 
cry^stals. 

Montmorillonite crystallises in the rnonodinic 
system, as minute scales with a lamellar struc- 
ture, and has a hardness of l-l^. It is a principal 
constituent of fuller’s earth, an absorptive clay 
widely used for filtering, clarifying, and de- 
odorising oils, greases, and fats. The important 
clay-like material bentonite, w^hich occurs in 
sedimentary deposits derived from water-laid 
volcanic ash, is mainly composed of mont- 
morillonite, together with subordinate amounts 
of beidellite. One variety of bentonite swalls 
enormously in water ; the other variety does 
not expand but has strong absorptive proper- 
ties, and when activated it forms an excellent 
bleaching clay and oil clarifier, which is now in 
great demand. The swelling type of bentonite 
finds increasing service in reconditioning mould- 
ing sands, for rotary oil-drilling muds, and in 
many industrial processes. 

References. — 0. Nagelschmidt, “ The Mineralogy of 
Soil Colloids,” Imp. Bureau Soil Sciciic(\ Tech. Comm. 
No. 42, 1944, Ilarperideii, England (with bibliography) ; 
idem, " The Identification of Minerals in Soil (Jolloids,” 

J. Agric. Sci. 1939, 29, Pt. 4 ; idem, “ On the Atomic 
Arrangement and Variability of the Members of the 
Montmorillonite Group,” Min. Mag, 1938, 25, 140; 
A. N, Winchell, “ Montmorillonite,” Amer. Min. 1945, 
30, 510 ; Industrial Minerals and Bocks,” American 
Institute of Mining and Metallurgical Engineers, Now 
York, 1937, Chap. VI, ” Bentonite,” by P. Bechtner, 
and (Jhap. VII, ” Bleaching Clay,” by J. W. Bell and 
S. R. Fimsten ; “ Bentonite,” IJ.S. Bur. Mines, Bull. 
438, 1928 (revised by J. E. Conley as Tech. Paper 009, 
1940). 

D. W. 

MONTROYDITE (v. Vol. VII, 562d). 
MOONSTONE {v, Vol. V, 3a). 
MOOR-STONE (v. Vol. Ill, 32c). 
MORDANTS (v. Vol. IV, 129d). 
MORENOSITE. A hydrated nickel sul- 
phate, NiS04,7H20, crystallising in the ortho- 
rhombic system as acicular, fibrous, and 
efflorescent growths. Colour apple-green to 
greenish-white ; p 2, hardness 2-2J. It is a rare 
water-soluble alteration product of nickel sul- 
phide ores. 

D. W. 

MORGAN ITE (v. Vol. I, 684c, 6866). 
MORIN (V, Vol. I, 497d). 


MORINDA CITRIFOLIA. The roots of 
Morinda citrifoUa (Linn.) and Morinda tinctoria 
(Roxb.), known as “ Morinda Root,” were at 
one time extensively employed in various parts 
of India under the general trade name of 
“ Suranji,’’" more especially for dyeing red, 
purple, and chocolate shades. These plants, the 
native names for which are Aal, A^l, Ach, or 
Aich, arc met with either wild or cultivated in 
nearly all the proviiu'es of India. The colouring 
matter is found principally in the root bark and 
is present in greatest quantity when the plant 
is three or four years old ; after this time th(‘ 
dyeing principle gradually disappears and the 
mat Tired trees ( ontain hardly a trace of it. The 
thin roots are most valuable, roots thicker than 
half an inch being rejected as worthless. 

By extracting the root with alcohol, Anderson 
(Annalcn, 1849, 71, 210) isolated a crystalline 
yellow substance wliieh he termed morindin and 
this, when strongly heated, gave a crystalline 
sublimate of rnorindone. 

Morindhi, CggHy^Oig (Anderson, l.c .) ; 

^ 26 ^ 1 28^14 

(Thorpe and Orcenall, J.C.8. 1887, 61, 62; 
Thorpe and 8mith, ibid. 1888, 53, 171 ; Perkin 
and Hummel, ibid. 1894, 65, 851); C27H3QO15 
(OesterJe and Tisza, Arch. Pharm. 1907, 245, 
534), crystallises from aqueous alcohol in glisten- 
ing yellow needles, m.p. 245", and dissolves in 
alkaline solutions with a red colour. According 
to Oestcrle and Tisza {l.c.), it forms a monoacetyl- 
derivative, citron-yellow^ needles, m.p. 236-237°, 
and a monobenzoyl compound, yellow needles, 
m.p. 186°. On the other hand, Perkin (Proc. 
Chern. 80c. 1908, 24, 149) obtained an octa- 
acc/yZ-derivative, pale yellow needles, m.p. 
24(5-248° (c/. Simonsen, J.C.8. 1918, 118, 766). 

On hydrolysis with acid, morindin is converted 
into inorindone and a sugar which is not fer- 
mented by yeast and yields an osazone, m.p. 
197° (Oosterlc and Tisza, l.c.), m.p. 202-203° 
(Perkin, l.c.). 

Morindone, C45H1QO5, orange-red needles, 
m.i), 281-282°, may (!onveniently be prepared 
in quantity by extraction of the root with sul- 
phurous acid according to the details given for 
the isolation of natural alizarin from madder 
{me Madder, Vol. VII, 435d). It is soluble in 
alkaline liquids w'ith a blue-violet tint, somewhat 
bluer than the corresponding alizarin solutions, 
and addition of baryta water gives a cobalt-blue 
precipitate of the barium derivative. 

Morindone yields a ZnoceZyZ-derivative, citron- 
yellow needles, m.p. 249°, a tribenzoyl compound, 
yellow needles, m.p. 218-219°, a monomethyl 
ether, brown needles, m.p. 248°, and a trimethyl 
ether, yellow crystalline powder, m.p. 229°. 
On distillation with zinc dust it gives /3-methyl- 
anihraccne and is thus a tr i hydroxy methyl - 
anthraquinone. 

This view was confirmed by Simonsen {l.c.) 
who found further that two of the hydroxyl 
groups must be in the ortho-position with respect 
to the carbonyl groups of the anthraquinone 
nucleus since treatment with methyl iodide and 
alkali yielded only a monomethyl ether, whilst 
the methyl group must be in the ortho-position 
to one of the hydroxyl groups, for attempts to 
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oxidise it to a carboxyl group by means of 
chromic acid proved unsuccessful. Moreover, 
two of the hydroxyl groups are probably in the 
l;2-po8ition since morindone is a mordant dye 
resembling alizarin, l^ose and other reasons 
led Simonsen to conclude that morindone 
probably has the structure : 



Jacobson and Adams (J. Amer. Ohern. Soc. 
1925, 47, 283) confirmed this structure by 
synthesis. Opianic acid and ^-bromo-o-cresol, 
when treated with 85% sulphuric acid, give the 
phthalide : 



OH 

and from this, by reduction, 3:4-dimethoxy- 
]3henyl-2'-hydroxy-m-tolyIinethane*2-carboxylic 
acid is produced. This is converted by (!old 85% 
sulphuric acid into 5-hydroxy- l:2-dimethoxy-6- 
mcthyl-9-anthrone and oxidised to the (!orrc- 
sponding anthraquinono derivative. Acetyla- 
tion gives 5-acetoxy-l:2-dfmethoxy-G-mcthyl- 
anthraepunone which, by demethylation, is con- 
verted into l:2:5-trihydroxy-6-methylanthra- 
quinone, identical with natural morindone. 

Morindone has also been synthesised by 
Bhattacharya and Simonsen (J. Indian Inst. Sci. 
1927, 10 [A], G) from 2:5-dihydroxy-G-methyl- 
anthraquinone which by heating with potassium 
hydroxide at 220-230° in the presence of sodium 
arsenate forms morindone. 

In many respects the Morinda citrifolia 
resembles chay root and madder, for, in addition 
to morindin and morindone, it contains a large 
quantity of rvhichloric acid (v. Madder) and 
certain yellow non-tinctorial derivatives of 
antliraquinone. Simonsen (J.C.8. 1920, 117, 
561) investigated the residue remaining after 
extraction of morindin and isolated alizarin 
a-methyl ether and rubiadin 1 -methyl ether, 
both of w hich are present in the Morinda longi- 
flora {q.v.). 

From the alcoholic extract of the Morinda 
citrifolia, Oesterle (Arch. Pharm. 1907, 245, 287), 
obtained a small quantity of a monomethyl 
ether of a trihydroxymethylanthraquinone, 
yellow crystals, m.p. 216°, soluble in hot alkaline 
solutions with a yellowish red colour. It is not, 
as this author suggested, identical with the 
emodin methyl ether present in the Ventilago 
madraspatana (Perkin, J.C.S. 1907, 91, 2074). 

In addition to the above, Oesterle and Tisza 
(Arch. Pharm. 1908, 246, 150) isolated a mono- 
methyl ether of a trihydroxymethylanthra- 
quinone, m.p. 172°, and a substance, CigHi^Os, 
m.p. 210°, which are probably identical with 
compounds found by Perkin and Hummel (/.c.) 


in Morinda umbellaia, and two dihydroxy- 
methylanvhraquinones, m.p. 244° and 276°, 
respectively. 

Dyeing Properties. — In an article under the 
head of Morinda (Watt’s “Dictionary of the 
Economic Products of India,” 1891, Vol. V, 
p. 261), Dr. J. Murray gives a most complete 
account of the more important Bp(jcies and full 
details of the native methods of dyeing with 
them. These methods of dyeing vary con- 
siderably in dilfcrcnt parts of India, but they are 
all similar in general principles and are prac- 
tically crude processes of t^he Turkey-red dyeing 
known in Europe. Morinda root is, or was, 
principally used for dyeing the thread or yarn 
from which the coloured borders of the cotton 
garments worn by the lower classes are woven, 
but it is also employed for dyeing the coarse 
cotton cloth known as kunda or khdrna, or for 
dyeing the silk thread which forms the border 
of the silk fabric known as erendi or endi cloth. 

Dyeing experiments carried out by Hummel 
and Perkin (J.S.(M. 1894, 13, 346) showed that 
by adopting certain precautions morinda root 
possesses a dyeing pow'^er w'hich is greater than 
madder itself. To obtain satisfactory results it 
is necessary to neutralise or, better still, to 
remove the free acid which exists in considerable 
quantity in the roots. The dye contained in the 
root bark gives the best reds whereas that present 
in the woody part of the root is more yellow 
than red. 

Oil-prepared calico mordanted as for Turkey - 
red gives a very bright orange -red or scarlet 
similar in shade to that given by flavopurpurin, 
and fast to clearing with soap and stannous 
chloride. Chromium mordant on similarly pre- 
pared calico gives a full rich chocolate, and iron 
mordant yields colours varying from dull purple 
to black, according to the intensity of the 
mordant. On wool and silk, mordanted in the 
usual manner, chocolate-browns are obtained 
with chromium, orange-reds with aluminium, 
bright orange with tin, and dark purple and black 
with iron mordants. All the colours nderred to 
are as fast to soap as the corresponding madder 
colours. 

Methods of dyeing with morinda root are also 
described by Mell (Textile Colorist, 1928, 50, 
531) and Biihler (Verb. Naturforsch. Ges. Basel, 
1939, 50, 32). 

E J C 

MORINDA LONGIFLORA. The Mo- 

rinda longiflora (G. Don), known as “ Ojuologbo” 
(woody vine) (J. Soc. .\rt8, 1905, 53, 1069), is a 
native of West Africa and considered to be one 
of the most valuable medicinal plants of that 
region. It is fully described by D. Oliver in 
“ Flora of Tropical Africa,” London, 1877, 
Vol. Ill, p. 192, where it is stated to be known 
under the native name of “ Mbogga.” 

Accordiiig to Barrowcliff and Tutin (J.C.S. 
1907, 91, 1909) the root of the Morinda longi- 
flora contains alizarin a-methyl ether and a 
rubiadin monomethyl ether, although morindin, 
the common constituent of the Morinda citri- 
^olia, M. tinctoria, and M. umbellata, is absent. 
The rubiadin monomethyl ether, yellow plates, 
m.p. 290°, when heated with 70% sulphuric acid, 
gives the l;3-dihydroxy-2-methylanthraqumone 
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of SohuDck and Marchlewski {ibid. 1894, 65, 182) 
and hast properties identical with those of 
rubiadin 1 -methyl ether : 

OMe 



prepared synthetically by Jones and Robc'rtson 
{ibid. 1930, 1099). Alizarin a-inethyl ether, 
orange-red needles, m.p. 178-179°, was first 
isolated by Perkin and Hummel (ibid. 1893, 63, 
1174) from ehay root and subsequently syn- 
thesised by Oesch and Perkin (Proc. Chem. Soc. 
1914, 30, 213). Alizarin a- methyl ether and 
rubiadin 1 -methyl ether are also present in the 
Morinda ciirifolia. 

The leaves of the Morivda Lonyiflora contair) 
rubiadin 1 -methyl ether and a crystalline alcohol 
morindanol, C 3 gHg 204 , which melts at 278° 
and has [aj^ -f-05‘9° in alcohol. With sodium 
methoxide and methyl iodide it yields methyl 
morindanol CggHg^Og-OMe, m.p. 116°. 

“ Ojuologbo ” does not appear to contain an 
alkaloid, and extracts of the loaves and root 
were not found to possess any pronounced 
physiological action (Barrowcliff and Tutin, 
lx.). 

p]. J. C. 

MORINDA SPP.(y. Vol. VI, 92a). 
MORINDA UMBELLATA or MANG- 
KOUDU. The dyeing material, variously 
named oungkoudou, jong-koutorig, mang-koudu, 
etc., is the root- bark of Morhida umbellata 
(Linn.), and is met with in Eastern commerce 
in the form of small, reddish-brown, irregular 
rolls of bark, much wrinkled in appearance. In 
Java it is used for producing the fast reds in the 
native calico prints, well known under the name 
of “ baticks.” 

Perkin and Hummel (J.C.S. 1894, 65, 851) 
examined this dyestuff and indicated its close 
resemblance to the MorincUi citrifoUa. In 
addition to morindone, they isolated the glyco- 
side morindin (v. Morinda Citrifolia) and a 
considerable quantity of rubiohloric acid (c/. 
Madder, Vol. VJl, 435d), together with a small 
amount of non-tinctorial yeUow derivatives of 
anthraquinone. A quantitative examination of 
the extract of the material with sulphurous acid 
(c/. Madder) gave a green precipitate which 
yielded cnide chlororubine (4*0%), pure 
morindone (0*6%) and yellow substances (0*1%). 

The yellow substances consisted of a mixture 
of at least six distinct compounds. The main 
constituent, CigHigOj, yellow needles, m.p. 
171-173°, has properties in harmony with those 
required by a monomethyl ether of a trihydroxy- 
methylanthraquinone. It forms a diacetyl- 
derivative, lemon-yellow needles, m.p. 148°. 

A second compound, CigHigO^, yeUow 
needles, m.p. 269°, proved to be the methyl- 
purpuroxanthin (1 :3-dihydroxy-6-methylanthra- 
quinone) prepared synthetically (Marchlewski, 
ibid. 1893, 68 , 1142) by the condensation of m- 
dihydroxy benzoic acid with p-methylbenzoic 
acid. 

The remaining yellow substances : 

(^) 


orange-rod needles, m.p. 258°; (b) 
lemon-yellow needles, m.p. 198-199°; and 
(t') CieHjoO., needles, m.p. 208°, were isolated 
in such small amount that a determination of 
their constitutions could not be attempted. 

Dyeing Properties. — The colours yieldc^d by 
mang-koudu are practically identical with those 
given by n\orinda root, but much fuller. In its 
ordinary condition mang-koudu is unsuitable for 
dyeing on account of deleterious acid principles 
present, but as in the case of A’l root, a pre- 
liminary wasliing or steeping in water is suffi- 
cient to remove these and to convert it into a 
useful red dyestuff. 

MORINDIN (?;. Vol. VI, 92a). 

MOROXITE {v. Vol. 1, 44 9d). 
MORPHIGENINE, 9-amino- 1 0-hydroxy- 
phenanthrene hydrochloridt*. T^arcotic (Psc'horr, 
Ber. 1902, 35, 2729; Vahlen, Ibid. p. 3044). 
Prepared by reducing phenanthra(|uinone mon- 
oxime with stannous chloride. 

J. N. 0. 

MORPHINE Opium. 

MORRHUIC ACID (v. Vol. Ill, 25()r). 
MORSE EQUATION V. MOT.ECUTiAR 
Spectra (this Vol., p. 197a). 

^^•Leniin.'' Carbamylcholine 
chloride. JDoryV* (v. Vol. Ill, 94a); Lentin. 
(Veterinary vse.) Parasympathetic stimulant, 
vasodilator (v. Synthetic Drugs). 

S E 

MOSAIC GOLD (v. Vol. I, 549d). 
MOSANDRITE. Hydrated titano-silicate 
of cerium earths (17-26*5%), calcium, etc., 
occurring as reddish-brown rnonoclinic crystals 
of prismatic habit in the nephcline-syenite of 
the Langes urulsfjord in south Norway, p 2*93- 
3*03. The mineral is named after the Swedish 
chemist, C. G. Mosander (1797-1858), the dis- 
coverer of “ didymium,” lanthanum, and 
terbium. 

L. J. S. 

MOSELEY’S LAW (v. Vol. I, 5415). 

M O S L E N E V. Terpen es . 
MOTHER-OF-PEARL. This is the nacre- 
ous lining of the shell of various molluscs, 
notably that of the large pearl-oyster Meleagrina 
margaritifera (Lam.). The nacre is secreted by 
the mantle of the mollusc, and consists mainly of 
calcium carbonate (the orthorhombic modifica- 
tion corresponding with the mineral aragonite) 
associated with organic matter (up to 12% of 
conchiolin). On digesting the nacre in dilute 
acid, All the calcareous salt may be dissolved, 
a coherent pellicle of connective tissue being left 
which retains the iridescence until disturbed by 
pressure. The iridescence is due to the inter- 
ference of light reflected from the microscopic 
corrugated edges of the delicate layers of nacre. 
In consequence of its pleasing lustre, mother-of- 
pearl is largely employed for buttons, counters, 
card-cases, knife-handles, and a great variety 
of trivial ornaments. In trade three varieties of 
shell are recognised, viz. the white, the gold- 
edged, and the black-edged. Dark shells are 
known generally as “ smoked pearl.” The 
principal fisheries for pearl-shell are in Torres 
Strait, off the north-west coast of Western 
Australia, in the Sulu Archipelago, in the Persian 
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Gulf and Red Sea, and round Tahiti and some 
other islands of the South Pacific. In the Bay 
of California and the Gulf of Panama mothor-of- 
pearl shell is obtained from the Meleagrina cali- 
fornica (Cpr.), and passes in trade as “ bullock 
shell.” The iDrilliant shells of the Haliotia and 
certain species of Turbo are also used. See W. H. 
Ball, Amer. Nat. 1883, 27, 579 ; E. W. Streeter, 
“Pearls and Pearling Life,” London, 1886; 
G. F. Kunz and G. H. Stevenson, “ The Book of 
the Pearl,” New Tork, 1908. 

L J S 

MOTHPROOFING OF TEXTILES! 

Insects (iapable of destroying keratinous 
materials (wool, hair, feathers) may be divided 
into two classes, (a) the Clothes Moths, of which 
l^ineola bisselliella Hummel (the Common or 
Webbing Clothes Moth), Thiea pellionella L. 
(the Case-bearing Clothes Motli) and Trirophaga 
tapetzella L. (the Tapestry Moth or White -tip 
Clothes Moth) are the most common, and (b) the 
Bermestid Beetles, which arc represented by 
ArUhrenus scrophularim L.( the Common Carpet 
Beetle), Attageuus piceus Oliv. (the Black 
Carpet Beetle), and ArUhrenus fasciatus Herbst. 
(the Furniture Carpet Beetle or “ Woolly 13ear ”). 
in both types of insect, eggs are laid by the adult 
female from which larvae hatch out. These feed 
on the keratins until eventually they pupate, 
and finally adult insects emerge. The time 
occupied by each stage varies considerably with 
the type of insect, temperature, and conditions 
of feeding, but for more details of the lifc.history 
papers by Titschack (Beitrage zu einer Mono- 
graphic der Kleidermottc, Tineola bisselliell-a^ 
Z. fiir tcchnische Biologic, Bd. X, Heft. 1-2, 
pp. 1-168, 1922); Austin and Hughes (British 
Museum [Natural History] Economic Pamphlet, 
No. 14, 1932) ; Benedict (Science, New Series, 
1917, 46, 464) ; Herfs (Textilber. 1932, 13, 237) ; 
Clark (J. Text. Inst. 1928, 19, P295) and Back 
(U.S. Bept. of Agriculture, Fanners’ Bulletin, 
No. 1346) should be consulted. Clothes moth 
larva) are able to utilise all keratins as food, 
and hence wool, furs, hairs, as well as feathers 
and bristles, are attacked. Silk, cotton, and 
rayon are not eaten, although these fibres may 
be used to build pupa cases and are consequently 
occasionally damaged. “ Lanital ” (Glover, 
Nature, 1938, 141, 1067) and “ Nylon ” are not 
attacked by clothes moths. It has been shown 
by Burgess and Poole (J. Text. Inst. 1931, 22, 
t141) that keratins differ in their susceptibility 
to attack, the coarser fibres such as horse hair 
being less vulnerable than the finer ones. 
SimUarly, the presence of certain extraneous 
materials, e.g.y wool grease or human perspira- 
tion, on the fibres increases the possibility of 
destruction. In addition to keratins, Bermestid 
Beetles can digest proteins such as leather and 
the collagens, skin, cereals, and grain (Herfs, 
l.c.), and are also capable of damaging rayons 
(Herfs, TextUber. 1936, 17, 689). 

The numerous methods of preserving kera- 
tinous materials from attack by insects may be 
classified as mechanical or chemical. Although 
certain of the latter undoubtedly produce the 
most permanent results, the actual technique 
adopted is dependent upon a large number of 
considerations, of which the limitations imposed 


by the character of the material or article to be 
treated are the most important. For example, 
furniture and most garments cannot be proofed 
by any system which involves boiling, and hence 
there is still considerable value in some of the 
older and less efficient methods. 

Mechanical Methods. — Although of limited 
application, these are extremely useful, especially 
for dealing with small amounts of material. 
Brushing and beating, accompanied if possible 
by exposure to direct sunlight, are often recom- 
mended for made-up garments, but are, of 
course, laborious and . have no permanent 
proofing effects. To onsui*e satisfactory storage 
after beating or dry cleaning — an operation 
which destroys all forms of insect life— the goods 
should be wrapped in paper which the grubs can- 
not eat, or placed in air-tight containers. Any 
type of tough paper is suitable and the alleged 
superiority of newsprint is not borne out by 
experiment (Clark, l.c.). Trunks lined with 
cedar wood are frequently used for storage, 
although their effectiveness is duo to sound 
construction rather than to any toxic properties 
of cedar wood vapour (Back and Kabak, U.S. 
Bept. of Agriculture, Bureau of Entomology, 
Bulletin 1051). Cold storage at temperatures 
between 18-40'T^ is more satisfactory, but in 
general, this does not kill grubs, but merely 
reduces their activity (Back, U.S. Bept. of 
Agriculture, Farmers’ Bulletin, No. 1353). To 
kill the insects it is necessary to submit them 
to two or three sudden changes in temperature. 
Exposure to hot sunlight or to superheated 
steam, hot ironing, or immersion in water 
(Prescott, Amer. Byestuff Hep. 1937, 28, 90) at 
a temperature greater than 140°f. also kills 
moth larva* but such treatments are seldom 
practical. A more recent method consists in 
exposing materials to the radiation emitted by 
a resistance element heated electrically so as to 
produce a maximum emission peak between 

8.000 and 10,000 A. (B.P. 486754). 

( ^hemical ATe^/md-v.— Chemical compounds may 
be employed cither as a means of providing an 
atmosphere which is objectionable to insects, 
or to render keratins poisonous or indigestible. 
Reagents used as fumigants must be included 
in the first category, although they offer no 
permanent protection and are mainly useful in 
destroying moths and larvee which have become 
a serious menace. The most effective fumigant 
is hydrogen cyanide (Back and Cotton, U.S. 
Bept. of Agriculture, Farmers’ Bulletin, No. 
1670) which is obtained by the action of acids 
on sodium cyanide, by exposing calcium cyanide 
to the air, or from eyfinders containing liquefied 
hydrogen cyanide, and it is recommended to 
use 1 lb. of either calcium or sodium cyanide j)er 

1.000 cu. ft. of space to bo fumigated. On 
account of the deadly nature of hydrogen 
cyanide, amateurs are recommended not to use 
it, but to substitute sulphur dioxide [Burgess 
(J. Soc. Byers and Col. 1935, 61, 85) advocates 
3-4 lb. liquid sulphur dioxide per 1,000 cu. ft.)J, 
carbon disulphide (3-6-6-25 pints per 1,000 cu. 
ft.), or carbon tetrachloride and other halo- 
genated hydrocarbons [14 lb. per 1,000 cu. ft. 
(Cotton and Roark, J. Econ. Entomol. 1927, 
20, 636)]. Other less volatile compounds which 
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have a similar action are popularly employed in 
preserving keratins from damage by insects, and 
include naphthalene [2-3 lb. in flake form per 
10 cu, ft. of space are necessary to ensure pro- 
tection (Clark, l.c. ; Back, lx. No. 1352)] and 
paradichlorobenzene [1 lb. per 10 eu. ft. of 
space (Flint and McCauley, III. Agr. Expt. Sta. 
Circ. 1937, 473, 3)]. Both these compounds are 
effective only in air-tight containers or enclosed 
rooms, and are mainly useful for household 
purposes and in small storehouses. They may 
also be sprayed after dissolution in white spirit, 
alcohol or other volatile solvent. 

Non-volatile substances which are toxic to 
moth grubs or render keratin indigestible have 
been shown to bo more effective than the above 
class, and the process of mothiiroofing is now 
considered to refer to the application of these 
compounds. An ideal mothprooflng agent 
should render keratins permanently immune to 
attack by Clothes Moths and Dermestid Beetles, 
and its effect should preferably be unaffected by 
washing or dry cleaning. It should not modify 
adversely those properties of fibres which render 
them valuable commercially, or be excessively 
poisonous or objectionable to human beings. It 
should be non-staining, and shoxdd not affect the 
dyeing properties of keratin either rcgardirig 
fastness or shade-, or alter the colour of dyed 
articles. Finally, the operations involved in its 
application should be simple and the cost low. 

Inorganic compounds of this type often con- 
tain fluorine, and considerable protection is 
aff’orded by impregnation with hydrofluoric acid 
or its salts (Musser, J. Kansas Entomol. Soc. 
1936, 9, 116), including the more complex com- 
pounds of the general formula MF(HF)^ (B.I\ 
295742), where M represents a metal, although 
sodium silicofluoride, especially if applied along 
with aluminium salts is more satisfactory 
(Mitiaeff and Wright, Ind. Eng. Chem. 1929, 
21, 1187). Proofing is effected either by spray- 
ing with a cold saturated solution or by im- 
mersion in a 0-5% solution (Burgess, lx.). As 
the union between keratin and sodium silico- 
fluoride is not particularly firm, the proof is 
not fast to washing (Sprankle and Slaubaugh, 
Text. World, 1937, 87, 2015). It is claimed that 
in a process using chromium fluoride (B.P. 
413445) in which the material is immersed for 
20 minutes at 180°f. in a solution containing 
3% of the salt on the weight of the goods, 
squeezed and dried at about 90°c., the chromium 
and fluorine are chemically fixed to the keratin. 
Actually the fluorine is not very firmly attached 
as most of it is removed by washing, but the 
fastness is greater than is the case when sodium 
fluoride or sodium silicofluoride is used (Hartley, 
Elsworth, and Barritt, J. Soc. Dyers and Col. 
1943, 59 , 266). The chromium is firmly held 
and may be partly responsible for the consider- 
able fastness to washing of the mothproof effect 
realised by chromium fluoride. Unfortunately 
the keratin is coloured green, but this defect 
may be overcome by replacing chromium 
fluoride by a mixture of chromium and antimony 
fluorides (B.P. 454458) in the ratio of 4:1. 
Keratins treated in this manner are not attacked 
either by Clothes Moths or by Dermestid Beetles, i 
Good fastness to washing is also claimed for the I 


proof obtained by the following processes : (a) A 
reagtmt prepared by the addition of triethanol- 
amine to a slight excess of fluosilicic acid, followed 
by the addition of aluminium sulphate and a 
wetting agent, is diluted and appfied to wool so 
that 0-1 -1-0% of solids are deposited (B.P. 
509676). (6) Wool material is impregnated with 
a solution of a fluosilicate of a polymeric nitrogen- 
containing compound (e.^., a methylamine- 
phenol-formaldehyde resin) whi(;h is insoluble in 
water and in 5% ammonia, but soluble in 2% 
acetic acid, and capable of forming a coherent 
film. The fabric is then heated to at least 100°c. 
to render the fluosilicate insoluble (U.S.P. 
2163104). It has recently been shown (Hartley, 
Elsworth, and Barritt, l.c.) that if 0'2-0-3% of 
fluorine [determined by the method of Elsworth 
and Barritt (Analyst, 1943, 68, 298)] is present 
on cloth, it may be considered to be satisfactorily 
proofed. To ensure this, the amount of reagent 
in the proofing solution must bo varied according 
to the pH of the liquor; for example, as the 
acidity of the woo! increases more potassium bi- 
fluoride is required to give the necessary fluorine 
content to the wool. Arsenites (kS])rankle and 
Slaubaugh, l.c.) and other arsenic compounds 
have also been used for mothproofing, but tiieir 
use is limited on account of their toxicity to 
humaT) beings. 

Organic compounds also have found consider- 
able application in mothproofing. Natural ex- 
tract.s such as those from derris and cub^ roots, 
the active principle of which is rotenone (Cahn 
et al, J.S.C.I. 1934, 53, 42t ; 1935, 53, 37t ; 1937, 
56, 9It; Tattcrslield, Aim. Ajij)!. Biol. 1923, 
10, 1 ; 1935, 22, 578; 1936, 23, 880), have the 
property of bringing about a goni'ral paralysis 
of moth larve*, but since there is a groat tendency 
foT’ derris extracts to lost‘ their activity during 
ex})()sure to air, the many pi'oprietary prepara- 
tions containing these mixtures often cannot be 
r(4ied u])on (Burgess, l.c.). Pyrethrum extracts 
obtained from the flowius of ChrysanthemAm 
cinerariscfoliuni, and containing active principles 
termed |)yrethrin 1 and pyrothrin 11 (Hartzell 
and Wilcoxon, Ckmtr. Boyc(^ 'Jliompson Inst. 
1932, 4, 107; 1935, 5, 115; 1936, 8, 183), are 
also used, but like compositions containing 
alkaloids (.lackson and Wassel, Ind. Eng. 
CIhmu. 1927, 19, 1117 ; Minaeff and Wright, /.c.), 
they cannot be classed as mothproofing reagents 
of the first order. 

The most suctcessful organic compounds are 
synthetic and are often closely related to dyes, 
being ajiplied in a similar maimer. It has been 
shown (Clark, lx,) that wool dyed with Naphthol 
Yellow or Martins Yellow is not attacked by 
Clothes Moths, and thereftire these reagents can 
be used for mothproofing when the yellow colour 
of the material is of no consequence. For more 
general use, other compounds, which may be 
considered to be colourless dyes, have been 
developed, and they are the basis of many 
modern mothproofing agents. Their large mole- 
cules are constituted so as to ensure firm attach- 
ment to the keratin together with toxicity to 
moth larvae, the latter being accomplished by 
the incorporation of halogen atoms. Among 
the more common types of compound for appli- 
cation in the same way as acid dyes are members 
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of the pentarhlorodihydroxytriphenylniethane- 
sulphonic acid scries (Herrmann, Amer. Dye- 
stuif, Rep. J940, 29 , 539), specific examples 
of which arc 2:4:0:3':5'’-pentachloro-3:2'-di- 
hyd roxy-4"-triphenylmcthaiiesu]phonic acid and 
3:5:():3';r)' - pentachloro - 2:2' - dihydroxy - 2" - 
triphenylinethaneHnlphoni(; acid. Tetrachloro-, 
hexachloro-, and heptachloro-t.riphenylinethane- 
Hiilphonic! acids also have' mothproofing pro]>(^r- 
ticH, and nitro compounds, 2:4:(>:3':5'- 

pentachloro - 3:2' - dihydroxy - 4" - nitrotri - 
phenylmethane have a similar toxicity (B.P. 
3S3493). Certain of tlie diphcnylmcthani^ de- 
rivatives are also useful (U.S, 1\ 191093S). For 
application from neutral solution, aromatic' 
compounds of high molecular weight containing 
one or more pcntavalent nitrogen atoms, and 
formed by condensing derivatives of di- or tri- 
[)henylmethane with ^-ehlorotriethylamine and 
subsequently treating with <iimt'thyl sulphate, 
may be used (B.P. 4833<iS), whilst the phos- 
phoniuni compounds, c.r/., triphenyldichloro- 
b('nzylphosf»hoijium <*hloride (C.S.F. 2982188), 
are employed in the same manner. Sulphur 
compoiinds have mothproofing f)ro])(*rties, especi- 
ally sul])hoiiiuni salts of the geiK'ral formula 
SR'R"R'"X in which R', R", and R'" are 
aromatic I'csidues which may l)e substitub'd or 
linked tog('ther in specified ways, and X is the 
radical of an inorganic acid, c.g., tri])henylsul- 
phonium chloride and 5-ph('nylthianthrenium 
chloride (B.P. 487804), substituted arylsuiphonic 
esters R'-SOg-OR", where R' is a halogen - 
substituted bi'iizenc radical and R" an aryl 
radical which inay be substituted with halogt'n 
or alkyl (B.P. 491434), and m('r(‘a})tals, e.y., the 
p-chlorophenyl mercaptal of a('etoj)hcnone (B.P. 
491182). Derivatives of thiourea including 
phenylthiourea, a-ac('tyl-^-plu'nyltluourea, and 
a-c)leyl-)3-phenylthiourea are ctfective when 
applied from soluticm in organic solvents, 
(U.iS.P. 1975408), as are dt'rivativcs r>f tlii- 
anthrene (B.P. 4()77()i), halogenated sulphitles, 
e.g., 4:4'-dichlorodiy)henylsulphide (Swiss Jk 
20330()), and halogenated diaryl-sulphon<vs or 
-sulphoxides, e.g., 4:4'-dichlorodiphenyl sul- 
phoxide (B.P. 484448). Finally, mention should 
be made of an important group of mothproofing 
reagents (B.P. 3249(52), represented by the 
general formula RSOg'N H-R-SOg'NR^Rj, 
where R is an aromatic nucleus, and R^ and Rj 
are hydrogen, alkyl, aryl, or aralkyl groups, the 
following being specific examples : 6i5-4-bromo- 
benzenesulpho - l';3' - phcnylenediamido and 
1:2:5- trichlorobenzene - 4 - sulpho - 4':6'-dichloro- 
phenol - 2' - sulpho - 1":3" - phenylenediamide. 
Other classes of compounds which have been 
suggested for mothproofing include alkyl wo- 
cyanates (B.P. 512322) ; organic compounds 
containing arsenic, bismuth, tin, or antimony 
(U.S.P. 1766819) ; derivatives of phthalic acid 
(F.P. 713082) ; aryl sulphonamides (B.P. 

407366) ; compounds containing nitrogen linked 
to pentavalent phosphorus, e.gr., p-tolyloxyphos- 
phindiamide (B.P. 500386) ; organic compounds 
containing fluorine (B.P. 452579 ; 333583) ; cer- 
tain aromatic hydroxy compounds, e.g., 4- 
methylcwc/ohexylpbenol (B.P. 495639) ; deriva- 
tives of urea, e.g'., sodium salt of N,N'-bis 
£2-(4 - cbloro - 2 - iaopropyl - 6 - metbylpbenoxy)- 
VOL. VIII.— 16 


S-sulphophenyl] urea (Swiss P. 210973) ; com- 
pounds of the typo R-CO-R'(Xw)'OH where R 
is an alkyl residue with more than four carbon 
atoms, R' is an aryl residue and X is a halogen 
(B.P. 474600) ; non-dyeing substances contain- 
ing the group — N R — X ~ Y where X represents 
nitrogen or carbon, Y represents nitrogen, carbon 
or a nucleus, and R represents hydrogen or an 
acid group, or a hydrocarbon radical, e.gr., diazo- 
arninobenzene, pyrazolone (ikF. 238287), and 
n-hy(lroxy(‘arboxyli(‘ acids in which the para 
p<isition is occupied by halogen or sulphur, c.(/., 
4 - chloro - 2 - hydroxybonzoic acid. Further 
(‘xamples of the overwhelmingly large number 
of compounds which have b(‘en ('lairned to have 
mothproofing properties may be found in the 
Indexes of Mothproofing Coinj)ouri(ls compiled 
by Roark (U.S. Dept, of Agriculture, Bureau of 
Futomology and Plant Quarantine, Division of 
Insecticide Investigations, 1931, 1933, 193(5) and 
in the Annual Ib'ports of A})plie(i (Chemistry, 
Fibres, Textik'S, ami (V^ilulose. 

Many of the above compounds have been 
nlilised (‘ommer<*ially and the properties of a 
numlxu' of exeelh'nt Tnothproofiug agents which 
have h(‘en marki'ttHl are deseribed in detail in 
tb(‘ technical literature (Clark, .1. Text. Inst. 
1936, 27, P389 ; d. Soe. Dyers and (bl. 1943, 
59 , 213, and trade* bulletins). The ac'tivo eom- 
])onents of some of the better known eommereial 
j)rodm'ts are aluminium ammonium double 
fluoride (“ h'uhn Exira ”), potassium hydrogen 
fluoride Enhift W Extra"), l-hydroxy-4- 

ehloro-6-methyi-2-b('rizoie acid (“ Eulan liH ” 
and “ Eulan HHF ’ ), 2:2'-dihydroxy-3:5:3':5'- 
totraehlorotriphenylmethane-2"-Hulphonje acid 
(“ Eulan N ”), 3:2'-dihy(lroxy-2:4:():3':5'-penta- 
ehlorotri})henylmethane - 4" - sulphonie acid 
(‘‘ Eulan ('N extra ”), tri])henyldieh!orob(mzyl- 
phosf)lionium oxide* {"Eulan N K ") ((3ark, 
ibid. 1943, 59 , 213), and 

Cl, '' iSO.H 

t -o 



(** Mitin FF ’’) (Lauger, Hclv. Chim. Acta, 1944, 
27 , 71). H.D.T. [aa-di-(p-ehle)rophenyl)-/3jS/?- 
trichloroethanej has also been shown {idem, ibid., 
p. 892) to be effoetive in destroying elothes-moth 
larvap, and may be used either as a dusting 
powder or dissolveei in organic solvents. 

A completely differtmt principle is embodied 
in a method of proofing developed by Geiger, 
Kobayaski, and Harris (J. Res. Nat. Bur, 
Stand. 1942, 29 , 381). The aim is to replace the 
•S'S- cross linkings in the wool molecule by 
more stable ones and so to reduce the suscepti- 
bility of the fibre to attack, for it is believed 
(Linderstr0m-Lang and Duspiva, Nature, 1935, 
134 , 1039) that fission of the disulphide linkings 
is involved in the digestion of wool by elothes- 
moth larvae. The process consists of an initial 
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treatment with calcium thiogly collate at pH 6 
for 2 hours, and alkylation with alkyl dihaiide, 
c.gf., methylene dibromide, for 2 hours at pH 8. 
Tie reactions which take place arc shown in the 
following equations. 

RSSRf2HSCH2C02H 

2RSH + S-CH2C02H 

SCHgCOgH 

2RSH4[CH2]nX2 -> RS[CH2]nSR+2HX 

(R—part of wool molecule connected by disul- 
phide linkings, X---=' halogen.) 

It is possible that some formation of now 
cross linkings also occurs in the method of 
treating wool with 1-0-1 -5% formaldehyde solu- 
tion of pH less than 1 at 3.5"c. for 20 hours and 
rinsing (B.P. 549362). 

In recent years efforts have been made to 
standardise a test by which the merits of moth- 
proofing preparations may be assessed, and a 
tentative standard has been published in the 
United States (Soap, 1940, 16, Oct., p. 97), 
which consists in exposing a treated pattern to 
a number of carpet beetle larvue under fixed 
conditions and weighing the amount of excTC- 
ment produced. Beetle lar\se are preferred to 
moth larva? on account of their grt'ater resistance' 
to external changes, but satisfactory routine 
testing may be conducted with moth larva* 
(Moore, Ind. Eng. Chem. [Anal.], 1930, 2, 365; 
Whewell, Text. Kecordcr, 1941, 59, dune, p. 39; 
Hartley, Els worth, and Barritt, Lc.). 

c. s. w. 

MOTTRAMITE (v. Vol. HI, 5606). 

MOULDS (v. Vol. V, 486). 

MOUNTAIN ASH or ROWAN, Sorhus 
auewparia L. {Pyrus aucuparia Ehr), a tree with ! 
pinnate leaves and corymUs of white flowers j 
which are followed by rod berries about one- 1 
sixth of an inch in diameter. Although common 
in Europe and Asia, the fruit is not used to any 
great extent ; it is acid and astringent. Some 
other sub- varieties are known which produce 
larger and sweeter fruit, e.^., var. dulcis. The 
leaves are stated to contain mcthylpentosans 
and the flowers to contain trimethylamine. 
The bark contains tannin and amygdalin (L. 
Rosenthaler, Arch. Pharra. 1925, 263, 561) and 
also gives a gum containing sorban from which 
sorbose has been obtained by hydrolysis (E. O. 
von Lippmann, Ber. 1920, 53 [B], 2069). A 
general analysis of the bark has been made by 
C. G. Hanoff’ and J. Zellner (Monatsh. 1932, 59, 
307) who give the following percentage com- 
position of the dry matter : 


Water soluble 18-26 

Soluble polysaccharide . . . 0-37 

Invert sugar 0-41 

Tannin 4-47 

Total nitrogen 1-65 

Crude fibre 42-27 

Pentosans 11*24 

Methyl-pentosans . . 1*16 

Ash 4*62 


Higher alcohols of the ceryl alcohol ” type 
have been found present in the bark and in the 
fruit together with related compounds and fatty 


OP TEXTILES. 

acids {see also A. Jermstad, Pharm. Acta Helv. 
1933, 8 , 69). 

Tho percentage compositions of the fruit of 
Sorhus aucaparia and of its variety dulcis are 
given by Wehmer as follows : 


s. 

aucuparia. 

Var. dulcis. 

Water 

72-5 

63-5-76-4 

Total sugar .... 

5*6-6-2 

8-0-13-4 

Invert sugar 

4-7-5‘8 

8-0 

Malic acid .... 

20 

1-6 

Nitrogen-containing sub- 



stances .... 

0-9-1 -0 

1-5 

Fibre 

2-2-2-7 

3-2 

Ash 

0-7-0-8 

0-8 

Solul)le extract . 

20-22 

16-2 

Tannin 

0-2-0-3 

0-2 

Insoluble .... 

6-5-8-6 

9-3 


Tho fruit contains considerable quantities of 
ascorbic acid, values between 35 and 90 mg. per 
100 g. have been found present by workers in 
different localities (M. A. Boas Pixon, and M. H. 
Ho8(^oe, JSiutr. Abs. 1939-1940, 9, 836). The 
fruit also contains sorbitol, which giv^es rise to 
sorbose on fermentation : the sorbose which 
has at times be(*n reported present in the fruit 
has in all probability arisen in this manner. 
Malic, citric, tartaric, and succinic acids have 
been variously reported presont {e.g. E. O. von 
Lippmann, Ber. 1922, 55 [B], 3038), but accord- 
ing to other workers, the acid is chiefly malic. 
The nature of the acids and the relative propor- 
tions present may vary with the variety of 
fruit and the state of ripeness. 

Tho fruit is of chief interest in containing 
Sorbic Acid, l:3-pentadione-l-carboxylic acid, 
CH 3 -CH;CH-CH:CH-C 02 H, which' was iso- 
lated by 0. Doebner (Ber. 1894, 27, 344). 

The seeds of the mountain ash fruit contain 
about 22% of a fatty drying oil and also small 
quantities of hydrogen cyanide (0-07%). Ac- 
cording to Lew'kowitsch the oil has the following 
properties : 0-9137, 1-4763, sap. val. 208, 

iodine val. 128. The insoluble fatty acids have 
iodine val. 127 and neutr. val. 230. 

A. P. 

MOUNTAIN - CORK, - FLAX, 
-LEATHER, -WOOD (v. Vol. I, 499d). 

MOWRAH BUTTER (v. Vol. I, 663a). 

MUCIC ACID, 

H QH OH H 

I I I I 

HOjC— C C C C— CO.H 

fill 

OH H H OH 

is the dicarboxylic acid obtained from galactose, 
by oxidation with nitric acid (p 1*16) at 80°. 
Commercially it is prepared from larch sawdust 
by hydrolysis and oxidation with nitric acid. 
Other galactose- containing materials (lactose, 
gum arabic, pectin) may also be used. 

Decomposition occurs on heating, and the 
melting-point has been variously reported 
(213°, 222°). It is optically inactive (internally 
compensated), slightly soluble in water, in- 
soluble in alcohol. It is soluble in aqueous 
alkali, forming salts. It forms a dimethyl ester 
(m.p. 206°) and a diamide (m.p. 220° deoomp.). 
Dry distillation yields pyromucic acid (furan-a- 
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carboxylic acid) and gaseous decomposition pro- 
ducts. Oxidation with permanganate gives 
nie^otartaric acid and oxalic acid. The for- 
mation of muoic acid is frequently used to 
estimate galactose, galactonic a(;id, and gal- 
acturonic a(‘id residues in admixture with other 
sugars (tsec 0. Doix'^e, “ Methods of Cellulose 
Chemistry,” Chapman and Hall, 1933). 

It has been used (in place of tartaric acid) in 
baking powder, in soft drinks, in ice-cream, and 
in moniant dyeing. It is said to be safe for 
consumption by diabetics. 

G. T. Y. 

MUCILAGES arc viscous colloidal solu- 
tions, fermentibic, optically active, and precipi- 
tated by alcohol and salt solutions but not by 
heating (Giral, B. 1930, 211). The colloid in 
solution is a naturally occurring (carbohydrate 
material (y;. Gums) of complicated formula, 
e.r/., gum arabic (Vol. I, lid, 142(Z). The seed 
mucilages of cr(iss, white mustard, and quince 
(lonsist of a network of hydrated cellulose 
micelles interspersed with m(U(‘ heavily hydrated 
uronide chains. Linac'cd mucilage, however, is 
non-cellulosic (Bailey, Biochem. ,1. 1935, 29, 
2477). Mucilages are also prepared from gum 
tragacanth, from starch, and from roots (Marsh 
Mallow, Vol. I, 263d; Salep, Vol. If, 302d). 
Their applications include use as adheHiv(\s, as 
emulsifying agents (B.P.G. 1934, 1214; Vol. IV, 
285c) and in the manufacture of pills ; some are 
also pr(*scribed as demulcents. For the bio- 
logical importan(3e of algal mucilage, see De 
Wildeman, Bull. Acad. roy. B(‘lg. 1939, [vj, 25, 
508. 

,1. N. G. 

MUCINS (v. Vol. VI, 21c, 26a). 

MUCONIC ACID, 1 -A-di- 

rarhoxylic acid, 

HOaC CHiCH CH:CH COgH 

fngold (J.C.S. 1921, 119, 958) prepared the 
trans-trans isomer from ^/3'-dibromoadipi(^ aiud 
and by other methods, obtaining the acid as 
sparingly soluble crystals, m.p. 301-305'’ (298'^ 
Boeseken). Farmer et al. {ibid, 1923, 123, 
2531 ; 1934, 1940) separated two isomeric methyl 
muconates, m.p. 156° and 75° respectively; 
from the latter they obtained ciyj-cw-rauconic 
acid, m.p. 187°. Boeseken et al. obtained this 
acid in 62% yield by oxidising phenol with 
peracetic acid (Proc. K. Akad. Wtdensch. 
Amsterdam, 1931, 34, 1292), a process they 
regard as the simplest transition from an 
aromatic to an aliphatic compound, Drum- 
mond and Finar (Biochem. J. 1938, 32, 79) 
administered benzene to rabbits and observetl 
the excretion of trans-trans-miiconic acid in the 
urine. This biological oxidation, for which a 
complete proof is not claimed, has not been 
imitated in vitro. Knaggs and Lonsdale (J.C.S. 
1942, 417) found that methyl transdrans- 
muoonate behaved like an aromatic compound 
as regards its magnetic and optical properties. 

J, N. G. 

MUQUET (v. Vol. VII, 3115). 

MULBERRY. Trees of the genus Morns, 
the Common or Black Mulberry, Morns nigra, 
bearing dark purplish-red fruits which consist of 


a number of single seeded ovaries coiuiected 
together by enlarged pulpy calyces. As the 
fruit keeps in good condition for only a very 
short time after gathering, it is not of commercial 
importance: in the U.K. the tree is usually 
grown in j)rivate gardens and for ornamental 
puri)ORe8. Morns rubra, a North American 
species, bears dark red fruits inferior in quality 
to those of the Common Mulberry. The species 
of greatest commercial importance is the White 
Mulberry, Morus alba, which is grown exten- 
sively in the Mediterranean countries, in Asia, 
and in the U.8.S. R. as the lea ves are the principle 
food of the silk- worm. The fruit is insipid and 
not generally eaten. 

Morus nigra. — By reason of its relative un- 
importam^e as a commeixsial crop, the fruit 
appears to have been little studied. Its general 
percentage compositioTi is as follows (Konig- 
Biimcr) : 


Water. 

Invert sugar. 

Free acid 
(as nialic). 

84-7 

9*2 

1-9 

NitrogeiiouH 

substances. 

Pectin. 

Ash, 

0-36 

2-0 

0-57 


The knaves ai*e rich in calcium carbonate (2-3% 
ol the dry substance) and the ash, which amounts 
to 3-4% of the dry substance, may contain up 
to 25% of silica. Adenine, aspartic acid, and 
considerable amounts of glucose have been 
found present in the leaves. The wood is used 
to some extent lor itdays and veneers and it is 
rich in tannin. 

Morus alba , — The nutrition of the tree and 
the effect on the composition of tlu‘ leaf has 
been extensively studied from the scricultural 
point of view'^ in Japan and in the U.8.8. R. 
{e.g., Y. Kishi, J. Agric. Chem. 8oc. Japan, 
1933, 9, 49, 160, 397, 412; Bull. Agric. Chem. 
8oc. Japan, 1935, 11, 70-77 ; Y. Irnarnura and M. 
l^iruya. Bull. 8ericult. Japan, 1932, 4, 7 ; K. 
Suda, ibid. 1938, 10, 89). The relation.s be- 
tween the (!Oinposition of the diet fed to the 
larva> and the resultant silk production have 
been investigated and it has been found that the 
accumulation of protein in the larvte is greatly 
dependent upon an adequate amount of carbo- 
hydrate in tile leaf. It has been recommended 
that the yield of silk is greatest when the larva‘ 
are bred on leaves containing 3-4% of (carbo- 
hydrate at the first instar piwiod and 4 -5% at 
the second instar. Additional carbohydrate fed 
with the mulberry leaves is also used to bring 
about an increase in the silk production. 

The composition of the leaves of the White 
Mulberry has been given by 0. M. Efimenko 
(Biokhim. Kul’tur. Kastenii, 1940, 7, 521, 623) 
who determined the main constituents as the 
leaves matured; the nitrogenous constituents 
decreased with increasing age. The figures are 
expressed as percentages of the diy weight : 


Total 
nitrogen 
3* 19-5-20 

Crude cellulose. 
9-39-1 M 9 


Protein 

nitrogen. 

2-98-4-50 

Carbohydrate. 

9-24-10-40 


Crude fat. 
4-26-4-77 

Ash. 

10-21-14-46 
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According to A. Fujita and T. Ebihara (Bio- 
chcni. Z. J939, 300, 143), the leaves are very 
rich in ascorbic acid, containing 240 ing. per 

100 g. 

The ash of the leaves and of the wood is ri(*h 


in ( 

alciurn, as 

showoi by 

the 

following V 

nlu(‘s 

ff)r 

(he pcM-ec'ut; 

f)g(^ eompositioi; 

1 of th( 

p a.sh : 



CaO. 

Na.O. MgO. 

Si02. 

SOj. 

Cl. 

Lc'a 

v(\s . 47 

3 5 5 

10 

37-7 

.3 4 

1-2 

Wo( 

)(l . 54-5 

13 7 


3-4 

9-8 

4-7 

a’he 

HC'eds cont{ 

iin a fatty 

oil a 

mount 

ing to 

••{:{% 

i>y 

extraction 

for W’hidi 

the 

following v 

aluc‘K 

are 

given : p 0 

•926, sap. 

val. 

190, 

iodine 

val. 

140, 

Reichert-lMeissl val. i 

0-35. 

The 

fatty 

acids 


present are chiefly liejuid fatty acids (80%). 

A. 

MULBERRY PAPER. The bast fibres of 
Brous^nnftia pripjrifrrfi (Fam. Moracea*), a. li*cc 
native in easUn’n Asia, when Ireatt'd wdth alkalis 
and bleached yield a satisfac'to'V paper ]>nlp 
containing 90% of a-cellulos(> (IL 1937, 25, 7()8). 
A fabric “ ta})a ” is made by matting the Hb?-es. 

,1. N. <1. 

MULHOUSE BLUE. Diphcnylamine Iiha\ 
Alrf/iyl nine. Purl.s' nine.* Ndim(‘s formerly in 
use for tfif)h('nylpararoHaiiilin(* liydrochloridi* 
{('f. Howe, “ (\)lour Index,” 1924, Nos, (kSS, 70()). 

J. M. G. 

MULLITE, aluminium silicate, 
3Al203,2Si0.3, 

an important refractory mat<'rial and a con- 
stituent of porcelain. The high-temptn-aturt' 
diagram of the system A 1203-810.2 reveals only 
this compound ; but Al2Si05 is of abundant 
occurrence in nature as the trimorfihous minerals 
sillimanite (fibrolite), andalusite, and kyanife. 
At a high temperature (1,370-1,545^) these 
break down into a mixture of mullite and 
silica (as glass, cristobalite, or tridymite), and 
they an^ so employed, together with other 
alumino-silicates (kaolinitc, topaz, dnmortierite, 
etc.) in the manufactun* of mullite. At a still 
higher temj)eratiire (1,810") mullite itself breaks 
down to alumina (corundum) and silica. The 
“ sillimanite ” prepared by kSainte-Claire Deville 
and (diron in 18()5 and later by other workers, 
and also the crystals noted in porcelain, appear 
in all cases to be mullite formed at a high tem- 
perature. A “ sillimanite ” octairring in baked 
fragments of aluminous slate caught up in 
molten igneous rock on the island of Mull has 
also been shown to have the composition 
3Al2032Si02, and for this reason the name 
mullite was introduced by Bowen, Greig, and 
Zies in 1924. The acncular crystals of mullite 
are orthorhombic with a perfect pinacoidal 
cleavage (010), and they show no essential 
difference in their crystallographic, optical, and 
X-ray data from sillimanite. The composition 
of some mullite has been given as 2Al203,Si02, 
cand it would seem that the material is really 
sillimanite containing an excess of alumina 
in solid solution. An analogous case is given 
by the artificial spinels which may range in com- 
position from Mg0,Al203 to Mg0,6Al203. 

* ParU Blue may denote Pru.ssiaii Blue (v. Vol. II, 

5c ; m, 473\ o). 


Rpjerencefs . — N. L. J. W. Grci^, and E. (J. Zion, 

J. Washington Acad. Sci. 11)24, 14, J83 ; N. L. Bowen 
and ,1. W. Ureig, J. Amer. (V'rain. Soc. 1924, 7, 238 ; 
A. B. Peck, Amcr. Min. 1924, 9, 123 ; 192.^), 10, 2.53 ; 
.1. Amcr. ('cram. Hoc. 1925, 8, 407 ; H. I*. Itookshy 
and H. Partridge, Trans. Soc. (ilass Tcchnol. 1939, 
23, 338. 

L. J. S. 

MULTIFLORIN (r. Vol. Ill, 55(ic). 
MULTIFUNCTIONAL ADD ITIVES(r. 

Vol. VTI, 391d, 4036). 

“ tAUMETAL ” {v, Vol. VII, 4586). 

MUNDIC (v. Vol. Vll, 56a, 62a). 

MUNJEET or MANJEET. The Rubia 
cordifoUa Linn, was formerly exten.sivcly (‘ulti- 
vated in India, partic-iilarly in the mountainous 
districts, for the sake of the colouring matters 
contained in its stem or roots. 

By <‘xtraeting the ground dyestuff wdth boiling' 
alum .solution. Stenhoiise (Anrialcii, 1864, 130. 
325) isolated purpurin, the innin colouring 
rnattm-, and an orange dye, termed inunjlslin, 
orange leaflets, m.p. 23U, The latter was subs(;- 
quentlv shown by Sehimek and Hocuner (Her. 
1877, iO, 172, 790; d.C.S. 1877, 31, 666; 1878, 
33, 422) to be identical with purpuroxantbin- 
carboxy lie acid ( 1 :3-diliyd]’oxyantbracpiino]U‘-2- 
carboxylic acid), tb(^ .synthesis of which was 
effected by Mitter and Biswas (Nature, 1930, 
126, 761;‘l93J, 127, 166; Her. 1932, 65 [B], 
622). 

Perkin and Hummel (J.t^.S. 1893, 63, 1157) 
examined niunj(;et and detecteal tlu' prt'sence of 
a trace of purpuroxantbin in addition to the 
above constituents. 

.Munjistin is also present in madder and, 
together with juirpurin and pinpiiroxantliin, in 
the Hnhia sikkitHcnsiH Kiu'z. which is closely 
allied botanically to the Rubia cordifoUa (Perkin 
and Huninu'l, l.c.). 

DyeitKj Properties of M unjeei~--V\w. deep red 
a(ju('ous (‘xtraet of the ground niunjeet is UH(*d 
generally to dye coarse cotton fabrics, or the 
thread which is to be woven into such fabrics, 
various shades of scarlet, coffee brown, or mauve. 
'Idu* red and chocolate shades of East India 
chintzes were formerly entirely obtained from 
munjeet. Alum appears to be generally em- 
ployed as a mordant. The colours produced 
from munjeet are bright, but not so durable as 
those from madder (Watt’s “ l)ii:tionary of the 
Economics Products of India,” 1892, Vol. VI, 
Part I, p. 574). 

E. J. 0. 

MUNJISTIN (i). Vol. V, 4166; VII, 437a). 

MUNTENITE (v, Vol. I, 302ci5). 

MUR EX. Purple of the Ancients. Tyrian 
Purple. CjBHg02N2Br2. This celebrated 
“ imperial ” dye of antiquity was obtained from 
rock w^helks found on the Mediterranean shores, 
(jhiefly Murex hrandaris and M, trunculus 
(Vol. VI, 452c). These molluscs secrete a 
yellowish licjuid from a small gland which on 
exposure to light develops a reddish-violet 
colour owing to the formation of an insoluble 
dyestuff. .Silk was dyed by a kind of vat pro- 
cess which was very {!08tly since 12,000 molluscs 
contain only 1-4 g. of dyestuff. This art of 
dyeing was lost about the twelfth century. 
Friedlander (Ber. 1909, 42 , 765) showed that 
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the dyestuff from M. hrandaris was identical 
with 6:()'-dibroTnoindigotm, whi(.'h, however, is 
inferior to the vat dyestuffs now in use and is not 
manufactured. 

J. N. G 

MUREXIDE. Ammmiium Hydmye.ri Ptir- 
purate» CgHg 0 gNg,H 20 . Murexi(ie is the name 
given by IJebig and Wohler (Annalen, 1828, 26 , 
319) to the substance resj)onsible for the deep 
purple colour produced when a solution of uri(* 
acid in nitric acid is evaporated and th(‘ residin' 
treated with ammonia or an ammonium salt ; 
this reaction constitutes the well-known test for 
uri(* acid and related jiiirines (c/. Fischer, Her. 
1897, 30 , 2236). Murexide was first obtained 
crystalline by Prout (Ann. Chim. Phys. 1818, 
[ii], 11 , 48). It is the ammonium salt of a dibasic 
acid, purjiuric acid, which is known only in ad- 
mixture with ammonium chloride as an orange 
powder prepared by the action of dry hydrogen 
chloride on a suspension of murexide in hot 
anhydrous acetic acid (Mdhlau and Litter, J. pr. 
Chem. 1 90(3, [ii], 73 , 449 ; acidification of salts of 
purpuric acid with aqueous acids causes 
hydrolysis with formation of alloxan, iirainil, and 
alloxantin. 

Preparation. — Murt'xidi' is formed (I) from 
uric acid as dt'scrilied aliove (Prout, Lc. ; Liebig 
and Wohler, l.r.), (2) by oxidation of urainil with 
nu'rcuric' oxide in the pri'scnce of ammonia 
(Heilstein, Annahui, 1858, 107 , 176), or by direct 
condensation of uramil with alloxan (Mdhlau 
and Litt(*r, Lc.), (3) from alloxantin or alloxan, 
or a niixtui’c of alloxan and ainmornum dialurate 
by the action of ammonia or ammonium salts 
under a va,ri(*ty of conditions (c.u., Pilotv and 
Finckh, Annalcn, 1904, 333 , 22 ; Hartley, J.C.R. 
1905, 87 , 1791), (4) by the action of amino-acids 
on alloxa-n or alloxantin (Rtrecker, Annalcn, 
1802, 123 , 303; Traube, Her, 1911, 44 , 3145). 
Tht‘ yields or purity of the product obtained by 
the above methods rendiT them unsuitable for 
])reparative purpos(‘s (c/. Kuhn and Lyman, Ht'r. 
193(>, 69 fH), 1547) ; the method of preparation 
described by Davidson (d. Amer. Chem. Roe. 
1930, 58 , 1821) is to be preferred. A suspension 
of 10*1 g. finely powalered alloxantin in 1,000 c.e. 
glacial acetic aidd is treated with 80 g. am- 
monium ai^etate with continued boiling for 
1-2 minutes. The precipitated murexide is 
filtered, washed succt'ssivolj^ with acetic acid, 
alcohol, and ether, and dried ; the crude pro- 
duct thus obtained ('an be purified by dissolving 
in water and salting out with ammonium 
chloride ; after washing with (50% methyl 
alcohol and drying at 110° a 70% yield of pure 
murexide is obtained. 

Constitution. — The constitution of murexide 
and of purpuric acid were formerly the subjci't 
of much controversy (see Piloty and Finckh, 
l.c. ; Mdhlau and Litter, l.c. ; Hartley, l.c. ; 
Hantzsch and Robison, Her. 1910, 43 , 92). The 
structure accounting best for the formation of 
murexide in the various ways described, and for 
its behaviour, is that proposed by Rlimrner and 
Stieglitz (Amer. Chem. J. 1904, 31, (561), and 
this is now generally accepted {cf. Kuhn and 
Lyman, l.c. ; Davidson and Epstein, J. Org. 
Chem. 1936, 1 , 306 ; Winslow, J. Amer. Chem. 
Soc. 1939, 61 , 2089) : 


NH 


NH 



' \ 

CO CO 

CO 

1 

CO 

1 

1 1 

NH CH— Nn 

1 

=c 

NH 

\ / 


X 

CO 


CO 

Purpuric acid. 



NH NH 

CO C- ONH. CO CO 

I II ' I I 

NH C N = C NH 

' 

CO "co 

Murexide,. 

Murexide (rystallises in short, four-sided, 
garn('t-red prisms with gold-green rc’flt'x. It is 
sparingly soluble in cold, niorc^ readily so in hot 
water, insoluble in ah'ohol or ether. The 
absorption sju'ctrum of the aqueous solution 
shows tlircM' bands with maxima at 52(b 320, 
and 24.5 nip., w ith e --- 12-2 I0‘b 7-()v Jo3^ .tjid 
154) • H)^ 1 espectiv('ly (Kuhn and Lyman, t.c.). 

The purity of murexide sjx'cimens can be 
(leti'rmiiK'd by titration with sodium hydro- 
sulphite, wdiich reduces muri'xide to a dihydro- 
eompound with saturation of the azonu'thine 
linkage; the lencton ure.ride is a buff', micro- 
crystallini' jiow’der which in aqueous solution is 
readily re-oxidis('d to murexide either by atmo- 
sphi'rie oxygen or by iiotassiurn ferricyanide 
(Kuhn and Lyman, l.c. ; Davidson, l.c.). 

Murexide' w'as forimrly list'd to dye silk, wmol, 
colt on, and leathei’ in the presence of mercuric 
or zinc salts, hut owing to the fugitivtuicss of the 
colours jiroduced, its use for this purpose has 
been abandoiu'd. 

Metallic salts of' purpuric aciti can bt' prejiait'd 
from murexide by doubk' (huomposition ; they 
often hav(' characteristh' colours. Salts with 
organic bases are also knowui ; inefhylanthte 
purpuraie, ])rcpared by tlu* iiction of methyl- 
ainiiu' on alloxan and alloxantin, forms red 
rnicrost'opic rhombic crystals, los(*s w^ater at 
110 ’ and dccomjioses at 2HL. 

Other derivatives of juirjniric aCid arc: 
amwoni nm 1 :'.\-dhn('lhylpnrpnratc, 

NMe NH 

"X "-x 

CO C -ONH, CO CO 

I II II 

NMe C N==C NH 

CO 6o 

formed from 1 ;3-dimethyluramil and alloxan in 
the presence of ammtmium carbonate; and 
ammon i um 1 ' :'y -dinnethylpurp urate. 



NH 



NMe 

CO 

1 

11 

C- 

-ONH4 

CO 

1 

CO 

1 

NH 

— N = 

1 

r-C 

j 

NMe 

\ 

, / 


\ 



CO CO 


similarly obtained from uramil and l:3-dimethyl- 
alloxan. Murexoin (1;3:P:3' - tetramethylmur - 
exide)^ 
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NMe 


CO 


NMe C- 


-ONH, 


< 5 ^ 


NMe 

I 


NMe 


CO 


is prepared by the action of air and ammonia on 
amalic acid (tetrainethylalloxantin) (Rochleder, 
Jahresbcr. 1850, 43(3; Briinn, Her. 1888, 21, 
514), by treating deoxyainalic acid with bromine 
and afterwards with ammonia (Fischer and Ach, 
Ber. 1895, 28, 2477), or by electrolytic oxidation 
of a solution of catteinc in acpieous acetic acid 
(Fichter and Kern, Helv. Chim. Acta, 1920, 9, 
429). It forms cinnabar-red prisms subliming 
without dec^omposition at 230°, and is sparingly 
soluble in water or alcohol ; the solutions are 
deep purple-red. On warming with liydro- 
ehloric acid murexoin yields tetraniethylallox- 
anti n . 5 - Meihylp u rp uric Acid^ 


NH 


CO 

I 

NH 


CO 

I 

CMe — N^ 




NH 


CO 


NH 


CO 

is prepared from methyl iodide and anhydrous 
pt)tas8ium p urp urate ; the isomeric 4:-0-methyl- 
purp urate f 

NH NH 


CO 

I 

NH 


C-^ OMe 

II 

C N = 


CO 

I 

-C 


CO 

I 

NH 


CO 

obtained from methyl iodide and silver pur- 
purate is unstable (Slimmer and Stieglitz, Lc.)- 

^-Aminoj) urp uric Add, 

NH NH 

^--^NH^ 


CO 


c 5 ^ 


CO 

I 

NH 


NH C N = 

CO 

is formed by condensing alloxan with 2:6-dioxy- 
4:5-diaminopyrimidme in aqueous solution. It 
forms brown crystals with a yellow- violet 
metallic surface lustre, is very hygroscopic, and 
cannot be recrystalliscd unchanged. Acidifi- 
cation of the solution in n. caustic soda yields 
bisalloxazine, 

NH N NH 

CO C C CO 

lull 

NH C C NH 

OC N CO 

(Wieland, Tartter, and Purrmann, Annalen, 
1940, 645, 209). 

B. L. 


M URL I NS {V, Vol. I, 1995). 

MUROMONTITE (v. Vol. II, 612a). 

MURUMURU FAT {v. Vol. UI, 886, 244o). 

MUSCARINE, FLY AGARIC. Mus- 
carine is the toxic principle of A nuinita mvscaria, 
which given in traces, causes diastolic^ arrest of 
the frog’s heart. The arrest is antagonised by 
atropine. A short historical survey on this 
complicated matter is given by King (J.C.S. 
1922, 121, 1743) and by Kcigl, Duisberg, and 
Erxleben (Aimalen, 1931, 489, 166) as an intro- 
duction to their brilliant papers on this subject. 

Muscarine (I) was first isolated in i?npure 
form by 0. Schmiedeberg and R. Koppe, “ Das 
Muscarin,” Leipzig, 1869, by means oi precipita- 
tion with potassium bismuth -iodide or potassium 
mercuric iodide. Hamack (Aj*ch. exp. Path. 
Pharm. 1876, 4, 168) fractionated the impure 
muscarine of Schmiedeberg with aurichloride, 
thus removing chlorine still present. The 
formula C 5 H, 802 N was given to muscarine, 
which was regarded as the betaine -aldehyde or 
its hydrated form : 

Me8N(OH)CH2CHO 

or 

Me3N(OH)CH2CH(OH)2 

The non-hydrated base has been synthesised 
and found not to be identical with muscarine by 
V^oet (Bull. iSoc. chim. 1929, [ivj, 45, 1016; 
for earlier attempts see Berlinerblau, Bcr. 1884, 
17, 1139; Fischer, ibid. 1893, 26, 470; and 
Brabant, Chem. Zentr. 1921, III, 124). Cf.also 
(*uth, Monatsh. 1924, 45, 631. The betaine- 
aldehyde has been reported as physiologically 
inactive (Moyer, Ber. 1893, 26, 803) whereas 
Voet (Amer. Chem. Abstr. 1930, 24, 4843) 
finds that it possesses nicotine- and curare-like 
properties. 

Synthetic or pseudo-muscarine has been 
obtained by Schmiedeberg and Harnack by 
interaction of choline with HNOg (Arch. exp. 
Path. Pharm. 1877, 6, 101), it has a similar 
action to, but is not identical with natural 
muscarine, having a curare-like action which the 
natural product lacks (cf. Weinhagen, Z. physiol. 
Chem. 1920, 112, 13). Ewins (Biochem. J. 1914, 
8, 209, 366) first demonstrated that the active 
compound obtained in the above reaction was 
not the hydrated betaine-aldehyde but an ester 
of nitrous acid and choline, 

MegN (0H) CH2 CH2 0N0 

(c/. also Dale, J. Pharm. exp. Ther. 1914, 6, 147). 

No further progress was made until King 
{lx.) isolated from fly agaric in a pure state 
a base having in a much enhanced degree 
the pharmacological action characteristic of 
Schmiedoberg’s toxic principle. (For earlier 
attempts, see e.gr., Honda, Arch. exp. Path. 
Pharm, 1911, 65, 464). Kang’s results demon- 
strate that probably no one before had been 
working with pure muscarine, of which he only 
obtained 0*4 g. from 25*5 kg. of fresh fungus. 
King’s results were extended by Kogl, Erxleben, 
and Duisberg {lx.). They report that con- 
centrated solutions of muscarine are easily 
affected by atmospheric oxygen, especially in 
acid solution. The preparation of pure mus- 
carine from the crude extracts consisted in 
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(a) distribution between dilute ethanol and 
ether, (b) adsorption of foreign matter on char- 
coal, (c) adsorption of foreign matter by per- 
mutite, (d) precipitation of foreign matter by 
mercuric chloride, (e) precipitation of muscarine 
with Reinecke acid and fractionation of the 
reineckates, and (/) preparation of the pure 
hydrochloride from the reineckate. The crystal- 
line reineckate gave an analysis of the basic part 
corresponding to (C8Hi802N)*. A Hofmann 
degradation of the hydrochloride, +1-57° 

(in HgO) afforded trimethylamine, thus con- 
firming the quaternary character of muscarine, 
and an acid, m.p. 72"^, C^HgOg-COOH which 
was found to be d-a^-dihydroxy-n-valeric acid, 
CH2MeCH(0H)CH{0H)C02H. Contrary 
to Scelba (Atti R. Accad. Lincei, 1922, [v], 81, 
618) muscarine gives an Angeli-Rimini reaction 
and a positive Schifi‘’s test for aldehyde, dihydr- 
oxyvaleric acid being formed by oxidation with 
the silver oxide used for the Hofmann degrada- 
tion. Kdgl concludes that the reaction takes 
place in the following way, (I), or less probably 
(II), being the constitution of muscarine : 

CH 2 MeCH( 0 H)CH(NMe 30 H)CH 0 

I. 

CH2Me CH(OH) CH(0H) C02H 

CH 2 MeCH(NMe 30 H)CH( 0 H)CH 0 

'll. 

For important work on the synthetic approach 
to the Muscarine problem, see Kogl and Veldstra 
(Annalen, 1942, 552 , 1). For the toxic principle 
of Amanita pantherina, see Steidle (Chem. 
Zentr. 1938, II, 886). Very interesting results 
have been obtained by the study of Amanita 
phalloides. Phalloidine is an extremely toxic 
peptide, C30H39O9N7S, which is hydrolysed by 
sulphuric acid into cysteine, hydroxy tryptophan, 
hy^oxyproline, and alanine. As little as 
0*00006 g. kills a mouse within two days. For 
details, see Lynen and Wieland (Annalen, 1938, 
583 , 93), Wieland and Witkop {ibid. 1940, 543 , 
171), and Wieland and Hallenmayer (ibid. 1941, 
543 , 1 ). 

Schl. 

MUSCARUFIN^. The colouring matter of 
the fly agaric. Amanita muscaria, L., was first 
described by Griffiths (Compt. rend. 1896, 122 , 
1342; 1900, 130 , 42) and later by Zellnor 

(Monatsh. 1906, 27 , 282). 

Kogl and Erxlel^n (Annalen, 1930, 479 , 11) 
isolated muscarufin, which is probably present 
originally as a glycoside, by extracting the red 
skins of the fungus with alcohol at 0° in the dark 
and precipitating the colouring matter as the 
silver salt. This was decomposed by means of 
methyl-alcoholic hydrogen chloride and the 
resulting acid purified and finally crystallised 
from aqueous alcohol. 

Muscarufin, ^26^i809» orange-red needles, 
m.p. 275*6®, is optically inactive; it forms a 
monoacetyl derivative, small orange-yellow rods, 
m.p. 197°, and by reductive acetylation yields 
trioicetyl-leucomuscasrufin, colourless needles, m.p. 
184°, indicating that muscarufin is a quinone. 
The presence of three carboxyl groups is proved 
by electrometric titration. On distillation with 


zinc dust, muscarufin is converted into terphenyl 
(p-diphenylbenzene), whilst catalytic reduction 
gives rise to hexahydromuscarufin, m.p. 200°, 
thus showing the presence of two double linkings 
in addition to the quinone nucleus. An alkaline 
solution of muscarufin (1 mol.) is oxidised by 
hydrogen peroxide with formation of phthalic 
acid (1*39 mol.), whereas similar oxidation of 
hexahydromuscarufin gives a mixture of phthalic 
and adipic acids. 

The side-chain: — CHiCHCHiCHCOaH 
in muscarufin is thus indicated, and its presence 
is confirmed by the formation of the compound 
^35^126^16 % condensation of triacetyl- 

Icucomuscarufin with maleic anhydride {rf. 
Diels and Alder, ibid. 1928, 4f60, 102). 

Accordingly, the following structure is assigned 
to muscarufin : 



MUSCONE {V. Vol. IV, 417a; VII, 143a). 

MUSCOVITE (v. Vol. IV, 279d). 

MUSEUM SPECIMENS, PRESERVA- 
TION OF. The preservation of specimens is 
understood to include operations related to their 
preparation for life in a museum and to their 
conservation therein. Preparation is concerned 
mainly with general cleaning, arresting decay 
and consolidating frail surfaces. Conservation 
is the maintaining of stability, and this subject 
is linked up with a study of conditions within 
the museum which should be such as to afford 
protection against all possible agencies and 
sources of decay, notably dust, damp, insects, 
and fungi. 

The following important principles underlie 
successful preservation work : 

1. No treatment is valid which detracts from 
the interest or value of a specimen. It is im- 
portant, therefore, before commencing opera- 
tions, to be clear as to wherein this hes. (For 
example, it may be important to preserve the 
exact shape of an object of corroded metal, and 
this may necessitate the preservation of 
mineralised matter which otherwise it might 
be wise to eliminate.) 

2. The treatment which is adopted must not 
destroy evidence of potential value to the 
student. (Representative specimens of an- 
tiquities from old lake deposits or bogs which 
might contain membranes of microscopic pollen 
grains capable of affording evidence of age 
should be set aside for specialised examination 
prior to being cleaned and preserved. If this 
precaution is not taken such evidence as there 
may be will almost certainly be destroyed.) 

3. Preservative processes must not be applied 
unnecessarily or carried to excess. (This state- 
ment is as true of the ordinary run of museum 
specimens as it is of oil paintings which are not 
slow to show the effects of so-called “ over- 
cleaning.”) 
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As a rule some cleaning is essential after 
excavation or after the effects of decay have 
been noticed. It is generally agreed that the 
sooner this is undertaken the better, and that 
when carried out in a sympathetic and restrained 
fashion the value and interest of the object in 
question is notably increased. 

The conditions under which specimens are to 
remain stable (/.c., conditions within ihe 
museum) will first be studied, then the principal 
causes of decay and their eradication. Some 
notes are added on maintaining stability, 
particularly as regards the sterilising and fumi- 
gating of collections. 

MrsEUM Conditions. 

Extremes of tempiu'ature and humidity are to 
be avoided. High temperatures at low humidity 
cause adhesives t(j becoine brittle, rnarquelry to 
be damaged, bindings to be weakened, and 
leather to be dehydrated. High humidities, on 
the other hand, encourage mould growth which 
appears on surfaces providing nutriment, 
especially where there is size or glue (leather, 
vellum,' pa])cr). 

As it has been established that fungoid growth 
docs not take jdace below relative humidity 
(R.H.) ()8%, it is desirable to set the upj)er 
limit of humidity in the museum at 65%, 
thus allowing a reavsonable margin of safety. 
Any teridcn(‘y for conditions to exceed this 
figure may be overcome by increasing ventila- 
tion and, if necessary, by heating. 

There is no serious problem in this c(uintry 
regarding excessive dryness as figures seldom 
rcunain b(‘low 40% R.H. in storerooms for any 
length of time, and it is seldom worth while to 
introduce moisture in order to comj)ensate for 
temporary losses. 

In the j)reseivation of mus(*um sj)e<-imens, 
tempt*rature is seldom sucli an im])ortant factor 
as humidity. By allowing it to rise up to the 
limit of, say, 75°f., it can be used to control 
humidity, but rarely with safety beyoml this. 
Certain classes of objects, such as carved ivories, 
objects repaired by wax, etc., are liable to suffer 
at elevated t<'mf)eratures. 

For the genera l range of antiquities, the follow- 
ing conditions are recommended : 11. H. 40-60% 
(tolerance to 65%). Temperature 50-7(f'F. 
Heasonal variations within these limits must be 
expected, but rapid changes are to be avoidial 
(particularly of humidity) as this causes furniture 
to warp, panels to crack, paint to exfoliate, etc. 
Steam radiators provide the worst type of 
heating because the rapid cooHng on shutting 
off steam causes a correspondingly qui(‘k rise of 
humidity in the atmosphere. It may be noted 
also that damage has been caused on occasion by 
a picture or museum case being attached to a 
wall which contains panel heating. In the latter 
example the temperature factor is no doubt the 
prime c ause of damage. 

Considerable protection is afforded against 
the effects of atmospheric changes within the 
room by kt^eping specimens in boxes, vitrimss or 
(in the case of pictures) in glazed frames. Just 
as conditions within the museum are less 
extreme than those outside in the open, so con- 
ditions within a closed case may be practically 


constant (even when it is not hermetically 
sealed) as compared with variations wdthin the 
room. Note that for the same reason dampness 
may ptTsist behind bookshelves or between 
boxes in storage vaults, etc., and the only way 
to deal with tliis is by improving ventilation. 
In basement storage vaults an obvious pre- 
liminary to overcoming the effects of damp is to 
raise boxes at least li-in. above the floor on 
duckboanling or wooden battens, and there 
should be an air space of several inches next the 
walls. Damp air can tlum be c'lcared by the 
use of an eh'ctric fan or vacuum cleaner — any- 
thing to stir up the air — and it may be desirable 
to have ventilation holes cut at tlu^ top and at 
the bottom of doors. A reliabk' wdiirling 
psychrorneter is obtainabb' at small cost and 
with such an instrument it is but the w'ork of a 
few’ minutes to take nvidings of temperature 
and humidity and so ascertain wdietlier con- 
ditions are satisfactory. 

J^iintings are very s('nsitive to changes in 
humidity. Canvases tighten in damp sur- 
roundings and the paint film may be loosened. 
Draughts of cold or warm air have btan known 
to cause panited paneds to crack and ])aint to 
blister. Modern ))raetiee favours th(‘ con- 
ditioning of th(' air of picture* galleries to figures 
approximating to 60% H.H., OO^^’f., and as the* 
conditioning process includes the removal of 
dust and sooty partic'les, it is of particular valiu' 
in metro})olitan areas. 

The installatioFi of (‘onditioiu'd air plant in a 
building not originally designed for it is (*x- 
pensive; it usually entails serious structural 
alteration and th(' results are not m'cessarily 
entirely satisfaelory. It is a corres[)ondingly 
simph'r ])roposition to d('a,l with a siiil(* ol' rooms 
or with one special storage room. Local control 
within c(‘rtain limits can be effe(‘tcd in various 
ways. Ih'tails have been published of a method 
of controlling humidity in a museum case or 
frame by the us(‘ of ctu’tain salt hydrates (.src 
“Control of Air in Cases and Frames,” by S. 
(hirsitor, in “ Tec^hnical Studies in the Field of 
the Fine Arts,” Fogg Art Museum, Harvard 
University, 1936-1987, Vol. V, p. 109) and of a 
method ol' checking the tendency tc) rapid 
fluctuation of atmospheric conditions in a 
picture gallery (J. MaiintyFe, “Air Conditioning 
for Mantegna’s Cartoons at Hampton (burt 
Palace,” op. cit., 1933-1934, Vol. II, p. 171) 
by the (unobtrtisive) storage of (puintitioB of 
textiles therein. 

Materiai. from Excavation. 

Archamlogical material comes to the museum 
most fretpumtly from excavation, and (Tin- 
ditions below ground are so different from those 
above or from those in the museum that the 
change-over period is often marked by some 
disintegration on the part of the specimens. 
Metal objects which have aged gracefully for 
hundreds of years in the ground and acquired 
in the process an enamel-like protective crust 
of minerals known to the connoisseur as patina, 
may after excavation show signs of an intensifi- 
(jation of corrosion due to the concentration of 
soluble salts in porous surfaces. Porous stones 
may be disintegrated by similar crystallisations 
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with the loss of important surfaces beariug orna- 
ment, perhaps, or an inscription. Tlie cure is to 
remove salts, anti this is usually dont* by washing. 

Early treatment after excavation is important 
if serious damage is to be avoided. Treatment 
generally moans removal of mud and soluble 
matter. Working details are determined by the 
material and the condition of the specimen. 
The salts are commonly a mixture with a ])r(‘- 
poiidt'rancc ol Chloridt's of the alkalis, for which 
the efficacy of their removal may bt‘ tested by 
adding Kilv<*r niti'at(* in ])rcsence of nitric acid 
to a sample of the distilled- water washings ; 
washing is normally continued until under these 
conditions no white precipitate is obtained. 

The deterioration and treatment of th(‘ juain 
types of anti(]uity will now' Im', considered, it 
being understood that where there, is any option, 
the less extreme measun's an^ a(loj>ted. ()})jccts 
from the sea or from salt desert country (c.f/., 
Egypt and Mesopotamia) are gtmerally in 
urgent need of careful })rcs('r\'ation. I’lic salt 
may or may not be visible, but if present in any 
Cjuantity will sooner or lattT give rise to dis- 
integratioii of the Hp(‘cim(m Avhethcr it lx* of 
porous H(.on(‘ or metal. 

Stone and Other Porous Material. — Salt 
tends to com emtrate near the surface* of greatest 
evaporation and may actually be forced out 
from the surface of stone in the form of a tila- 
mentotis ('ffloresceneo wdiicli can Ix^ ])i<‘k('d off 
with a brush. After this mechanical treatment 
small objects may Ix^ washed in running woiter 
whereby all tlu* soluble matter is remov(‘d. 
With the larger stone objects, the primary 
(‘ffeet of w'ashing is to dri\’e salts into greater 
de})ths, and washing in such cases may tlu'ivlbrc 
be inadvisable. A field method of dealing with 
salty specimeiis in Egypt is to bury them in the 
sand which is Jiiade thoroughly wet aft(‘rwards. 
The heat of the sun causes (‘vaporation at the 
surface of the sand to which the salts are in tijue 
transferred. The following moditi(‘ation of this 
process can be applied to .the larger stones in 
museums. Unsized paper is boiled to pulp in 
distilled water and a layer of the wet pulp, 
half an inch thick, is applied to the stone, to 
which it readily adheres. Salts near the surface 
of the stone are dissolvetl and tend to make 
their way into the pulp. After a day or twm, 
when the pulp is quite dry, it is removed, to- 
gether with the absorbed salts. Eurther 
applications may bo necessary. The process 
is simple, easy to apply, and in certain cases 
much more effective than washing. 

The removal of salt is a more delicate opera- 
tion where the frail surface's bear painted 
ornament or inscriptions. Cuneiform tablets 
are an example in the latter class. As they are 
often made of unbaked clay, the lirst opiuation 
is one of baking in a sand bath for several hours 
at 800*^0. to consolidate the clay and convert it 
to hard terracotta. If there should remain any 
doubt as to whether the incised surfaces will 
stand soaking in water, several coats of cellulose 
nitrate (2% in solvent consisting of equal 
volumes of amyl acetate and acetone) are 
applied. When the treated surface is hard and 
no longer sticky, washing may be carried out at 
the running tap and latterly, if desired, by im- 


PKESERVATION OF. 

mersing in several c-hanges of distilled water. 
The celluk)se nitrate gives strength to the speci- 
men but do(‘s not prevent salt being readily dis- 
solved away, and, as chloride is always the main 
constituent, tin* jirogress of the w'ashing by 
distiJhxl water may be followed, as already 
nTerred to, by testing with silver nitrate. 
Wluuievcr the surfact* of stone and like sub- 
stanees (pott(*ry ; earthenware) is p«)W’dery to 
the touch and where paint, etc., tends to flake 
ofl’, washing or tceatment by [)ulp should be 
pr<x‘(‘(led by surface strengthening with celluloid. 

Jn extreme c-ases an Egyf)tian limestone ma^'’ 
be so ])orous ami honeycombed by crystalli- 
sations that it is advisable not to attempt to 
remove salt. The use of so-called stone preser- 
vatives may be dangerous, j)artieularly those 
of a waxy nature. (.)m* of thf^ most effective 
hard(*ning reag('nts for museum work is ordinary 
bl(*aehed slu jlae dissolved in spirit, which can lx; 
run well into the stoiu*, ('xeess being eventually 
washed out of tin* imm(‘diat(‘ surface (which 
()therwis(* would lx; shiny) by using alcohol. 
Sjx'ciinciis so treated have given no further 
tnmble ovx'r a ])erio(l of twenty years in the 
nui.seum, whf'reas otlu^rs in which the action of 
salt has been a,llow(‘d to tak(* its cours(‘ have; 
suffered very gravely by fragiiumfs falling from 
the surface* from time to tijm*. 

The large pottery V(*ss(*ls know n as auq)bora‘, 
used to k(*ep wate'r cool by (‘vaporation. have 
s(*l(iom pre,s(*rve(l their original surfaces, these 
having bec'U flaked off by salt action. Where 
n‘jmirs aie m*eessary or when* such a vessel lias 
to be recoMstrueteel Irom fragments, llu; most 
suital)J(* adhesive* is one* that se'ts rather slenviy, 
such as glue* with ])lasl.e‘r ol Paris stirred into it 
while* be)t. Sliellae* is e(|ually gooel and has tJie 
ine*rit that it can be itiemlded w hile* warm, thus 
alle>wing for rnexliHeation in the pe)siti()n of 
fragments as the work ])roeeeds. 

Metals.— When m(*lals e^orrode in the grounel 
they b(*e‘e)m(; ce)ver('d, .as a rule*, by discontinuous 
im rustations e»f mim'ralise'ei eoiiosion produe-ts 
e‘e)ntaiuing soluble sails. U])em excavation 
there may follow a period e)f apparent stability, 
butoutbre'ak.sof intemsive and loe alised ele'eayaie 
te) be expected as long as any chloriele's remain 
ni the incrustation. Details of treatment 
naturally vary te) some (*xtent with the* different 
metals ol anlieputy (iron, (•etj)pe'r and its alle)ys, 
silver, and lead) but. the I'ollowing prexx'sse's are 
e)fge;neral applie'atiem, the objee-t being te) rcme)Vo 
chlorides with the minimum of elisturbane'e to 
the appearance of thii speed men. 

1. I)ecomp()sitie)n of clile)riele\s iTiHe)luble in 

water, by one e)f tlirex* altemative*K. 

(а) Action t)f special se)]vents. 

(б) Re'du(*tie)ii by clee‘troe‘lK'inie*al ac- 

tion. 

(r) Reeluctiem by use e»f ele‘e‘tric e urn'iit. 

2. Washing, the^reafter, urdil all soluble; salts 

and especially edile)ride8 are eliminated. 

This is imperative. 

Mechanical picking and chipping may accom- 
pany these oj)crations, and the work may be 
completed at option by pedishing and lacquering. 
Uuidance ns to the choice of methods is supplied 
on the chart overleaf. 



Chart of Methods Employed in the Preservation of Metal Antiquities. 

Abbreviatiom : I = Imperative. D = Distilled water. 

0 = Optional. V = Vinyl acetate (5%) in toluene: acetone (5:1). 

N = Not advisable. C =CeUulose nitrate (2%) in acetoneramyl acetate (1:1). 



Sflver with adherent base Soak for some hours in warm At running tap, Anally in D. With non-mercurial plate powder Green carbonates of copper 

metal corrosion (e.g., formic acid (50%). Ammonia | if desired. Lacquer V. moved. 

CUCO 3 ). (p 0-880) is rarely used as it ; 

softens horn silver and this is ! 

undesirable. j 
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When special solvents are used in dilute solu- 
tions (as sodium scsqnicarhonate, citric acid), it 
is a question of imiuersing the specimen for a 
day or so and then brushing and repeating the 
cycle of operations with fresh solution, per- 
severing until positive tests are no longer 
obtained for soluble chloride. 

The method of reduction is iiever selected 
unless a substantial (‘t)re of metal remains 
underneath the incrustation. As an example 
of the method of reduction by electro-chemical 
action, zinc in granulated or powderc'd form is 
heaped over the corroded metal in an iron vessel 
and acid or alkali added, the liquor being kept 
at boiling-point for an liour or more. The sur- 
face of the specimen may then b(^ brushed and 
the operation repeated. Similar treatment of a 
milder chara(‘ter in which the r<‘action takes 
place much more slowly may be carried out in a 
flat-bottomed glass vessel on the steam-bath, 
and this is preferable with small or delicate 
specimens. 

In usirig the electric current to elh'ct reduc- 
tion, the specimen is made the cathod<^ and is 
surrounded by sheet iron anodes in an eh'ctrolyte 
consisting of 2% caustic soda, a current of up 
to 5 artips. being allowc'd to pass for the necessary 
time* — usually several hours and sometimes 
(depending on the condition of the sja'cimen) 
up to about 100 hours. 'J’he current may be 
allowed to run uj) to about 10 amps, in dealing 
with heavily rust(‘d iron. 

Conservation. 

Protection from dust is ini})ortant for the 
conservation of museum spc^cimens, and irn- 
provernt'iits of comparatively recent <lat.e are 
the use of vacuum cleaners and dusters and of 
envelopes made from “ cdlophane, ” for storage 
purposes. Beneficial results have b(*en esp(‘cially 
noticeable in the ease of ethnographical col- 
lections (fur; feathers; textiles), which are 
particularly vulnerable. 

The curator has also to take measures against 
possible attacks by fungus and insects. While 
fungus (mould, mildew) can lie killed off by 
correcting (‘xcessivc humidity and by im})roving 
ventilation, as has been already described, 
staining may have been caused, which is not 
always easy to remove. The use of saponin 
froth is sometimes helpful in such cases or a 
freshly prepared 2% aqueous solution of 
chlorarnine-T ; if water is undesirable good 
results are sometimes obtained with hydrogen 
peroxide in alcoholic or ethereal solution. Damp 
specimens may be dried and sterilised by ex- 
posure for the necessary time in a warm cup- 
board to the vapour of molten thymol. A GOw. 
lamp on a flexible lead may be placed in the 
cupboard, this being enough to melt the thymol 
crystals contained in a clock glass in contact 
with the lamp. When shelves of books are in 
question and the backs of the bindings only 
are affected these can sometimes be dealt with 
in situ. In such cases a 2 kw. “ air-circulator ” 
with an electric fan attachment is useful for 
drying and the backs of the books may then be 
cleaned, using a sponge moistened with a 0*6% 
aqueous solution of p-nitrophenol, which has 
powerful fungicidal properties. As this sub- 


stance tends to impart a 5^ellow" stain the use of 
more concentrated solutions is undesirable. 

Textile collections, fur and feath(*rs, have to 
be protected against moth, and this may be 
done by refrigeration. It is more usual to keep 
specimens in cnvelof)(‘s whi(*h arc opened and 
sprayed in the sf>ring and late summer, pre- 
ferably with an atomiser spray at a pressure of 
about 80 11). per sq. in. ()f the many types of 
insecticide available, preference shoidd be given 
to one of the paraffin concentrates. Organic 
thiocyanates in paraffin have proved particularly 
effective without causing staining. p-I)iehloro- 
benzene crystals have largely r(*pla(‘t‘d eam])hor 
and naphthalene as agents for prot(‘cting the 
cont(‘nts ol’ exhibition cases against insect 
attack. 

Wood beetles are d('alt wfth by exj)osure (with 
due safeguards against fire risk) to carbon disul- 
phide vapour. An aflecttai panel, for example, 
such as a tempera or oil painting is placed in an 
air-tight box with se\ oral saucers of pure carbon 
disulphide, and the liquid renewed once in the 
course of a fortnight, after which the treatment 
is completed at oj)tion by filling the worm holes 
with wax. Neither paint nor varnish is aflected 
by such treatment. The quantity of fumigant 
should be about one-quarter oz. per cu. ft. of 
air space, increasing to one ounce for thicker 
wooden objt'cts, c.f/., furniture. 

\’acuum fumigation chain Ix'rs have been in- 
stalled in some of th(*i largcT museums which 
make it poH.sible to use ethykme oxide or hydro- 
gen cyanide, and by this means many specimens 
can be dealt w'iih at a time with the minimum 
of handling. 

The major problmns of j)r(^s(‘i‘vation are no 
doubt those connected with fine art, and in this 
fiehl the amati'ur must needs walk warily, as 
long years of (‘xperienee ar(i necessary for the 
study of various techniques employed by artists 
and of the (‘fleets on the original paint film of 
time, and of previous restorations, etc. 

Literature, — H. J. Plendoloith, “ The Preser- 
xfation of Antiquities,” Oxford Press, 1933; 
idem, “ The Cons(Tvation of Prints, Drawings, 
and Manuscripts,” Oxford Press, 1937; E. J. 
North, 0. F. Davidson, and AV. E. Swinton, 
“ Geology in the Museum,” Oxford Press, 1941. 
All aspects of the preservation of easel paintings 
are considered fully in “ La Conservation des 
Peintures (Office International des Musees, Paris, 
1939), and lists of qualified practitioners are 
kept by the Directors of Public Galleries both 
at home and abroad. 

H. J. P. 

MUSHROOM. A term applied to edible 
fungi in general, but more specifically to the 
Common Mushroom or Champignon, Psaliota 
campestris. Occurring naturally in fields and 
meadows, it is now cultured artificially on a 
considerable scale. The edible portion consists 
of the large spore-producing organ of the fungus 
which is itself a dense mass of filamentous 
threads running through the soil. Mushrooms 
are grown artificially by culturing a rich com- 
post of manure or similar humus containing 
material with the “ spawm ” of mycelium. 
Growth is then allowed to take place under con- 
trolled conditions of temperature and humidity 
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in the dark (^ee P. A. Houseman, “ Licorice, 
Putting a Weed to Work,” Twenty-sixth Streat- 
field Memorial Ijcoturo, The Royal Institute of 
Chemistry, 1944). 

Among the more common edible fmigi to 
which the term ” mushroom ” has l)een loosely 
{i])plied are related species suc'h as PmlltoUt 
fu'lvafica and other different species, c.g., Boleim 
edulifi, Boletuft luteus, Cantharellus cihariuSj 
('o'prinvs comat Jjaciarius dcliriosus, Lc.pinta 
proccra, Morchella cscuLmta and the Truffle 
species {Tuber). Although the many edible 
varieties of fungi are not widely consumed in 
this country, they arc a well-known article of 
food in many other regions, e.g., in the [J.8.IS.K. 
and in the East. A list of common edible and 
})oisonous fungi is given iii the Ministry of 
Agriculture and Fisheries publication, “ Edible 
and l*oisonous Fungi ” (H.M. Stationcuy Office, 
London, 1945). 

I’lic' fungi in general are of low nutrit ive vahic, 
the w'ater contc'iit is high — for tlie common 
mushroom bcirig about 90%. The protein is 
low (l-S^);,) and the carbohydrate^ of a non- 
aA’ailable type. Thci amino-acid composition 
f>f the* f)rot(‘in of the (V)mmon Mushroom has 
been studied by A. Kizel and S. Konovalov 
(Biokhirnia, 1937, 9, 47). The carbohydrate 
present is trehalose and as shown by A. Ratcliffe 
(Bioc'hc'in. J. 1937, 31, 240) it may be hydro- 
lysed after the fungus is gathered and givt^ rise 
to mannitol. Fungi are, however, relativcdy 
good sources of thiamin, riboflavin, and vitarnin- 
J)y but not of ascorbic acid. Carotene is known 
to occur in some species. Considerable amounts 
of sterols may be present and ergosterol may 
amount to 0*l-0-4% of the dry weight (Ratcliffe, 
l.c.y and T. Sasaki, J. Biocluun. Japan, 1939, 29, 
325). 'I'he latter author also isolated from 
Armillaria edodes hydroxy- and ketostearic acids 
and succinic acid. 

Idle vitamin-/) j)i’('s(mt in s('veral species of 
fungus has been estimated l)y A. Bcheunert 
ef al. {7j. physiol. Cluun., 1935, 235, 91), the 
vabics being expressed in International Units 
per gram. 


Boletus edulis .... 


0-83 

(■antharellus cibarius . 


0-83 

IJelvella esculenta . 


1 -25 

Psalliola campesiris (growui 

in dark). 

0-21 


„ open) . 

0-63 


The nitrogenous constituents of mushroom*^ 
and other lungi have received considerable 
attention and a wide range of compounds has 
been found present, the bases having been 
chieffy studied {cf. e.g.y S. Inagaki, J. Iffiarm. 
8oe. Japan, 1934, 54, 824) the ju’esent c of .some 
of which may be connected with the particular 
medium on which the fungi have growui, as for 
example in the case of urea. 

A. P. 

MUSK. Musk is one of the oldest and most 
esteemed of the raw' materials of perfumery, 
having great fixative value as well as a high 
perfume value. It is a secretion of a gland 
peculiar to the male deer {v. infra) situated in 
the skin of the abdomen, and appears to have 
some relation with the sexual organs, as it is 
more plentiful and more odorous when the 


female is in season. The principal species of 
deer yi(4ding musk is Mowhus nhosr.hiferus, but 
according tf) the Chinese Economic Bulletin 
(Perfumery Record, 1933, 24, 378) M. chryso- 
gatery M. sifanicus, and M. sibiricus also yield 
musk in quantity worth collecting. The musk 
deer is found and hunted principally in Tibet, 
Mongolia, i*^b‘paul, ('aslunire, Assam, arid 
8urkutan, and musk is [irincipally exported 
from China. From the commercial jioint of 
view, there arc a numlxT of varieties, offered 
under the names, Asi^am, Repaid, Vunnan, 
Tonquin, (-aberdine*, 8hcnsi, and 8zechuan. 
The locality from which the musk is exported 
has more connection with these names than the 
area of collection. The so-called '^Tonquin musk 
forms 80-85% of the world's supply. The musk 
arrives in the pods which aie removed from tlui 
animars body. The average weight is an 
ounce, and th(‘y should not contain more than 
12—14% moisture. They are (‘xjiortcd in boxtis 
covered with c:oloured silk, containing one 
” (atty ” (about 22^ oz.), or about 22 pods. 
8ometimes the conUnts of Ihc ]jod are extracted 
and ]K)wdered, and arcs then sold as “grain 
musk.’’ This how('ver obviously hauls itself to 
gross adulteration. A ]>ure dry musk sliould 
contain from 50-75% of matt( r soluble in 
wuiter, and 10-15% soluble in alcohol. Moisture 
should be about 12 -152^, as determined by ex- 
])osure to suljdiuric acid in a d(\siccator, and 

a. sh 7-8%. The ])od of tlu' Tomjuin musk, 
which is collected mainly in Tibet, is round and 
slightly flattened, but ru^ver pear-shaped. The 
so-called Hlueskin musk is nuu'eJy the ordinary 
Tonquin musk with the outer layers f)f the pod 
removed, leaving only the thin membranous skin 
wdiich lies ni cojifact with the s(3cretion, and 
which has a steel bbu^ colour. 

Musk is usually employed in perfumery in the 
form of alcoholic tincture's, and so intense is its 
odour that one part added to 3,000 parts of an 
odourless powder is readily dc'tected. 

The odoriferous princi})le of musk is the ketone 
mnscone, which is present to the extent of from 
0-5 to 2% and is chemically related to civetone 
{v. Vol. VIT, I43u). It is a thick colourless oil, 

b. p. 327-330°/752 mrn., 142-14372 mm., 
0-9268. The oxime has m.p. 46° and the semi- 
carbazo7ie m.p. 133-134'^^ (Walbaum, J. pr. Chem. 
1906, [ii], 73, 488). For the synthesis of 
f // - m u scone ( j8 - e thy Icy elope, ntadxca u one ) , see 
Ziegler and Weber, Annalen, 1934, 512, 164; 
Ruzicka and Stoll, llelv. Cffiim. Acta, 1934, 17, 
1308. 

The synthetic products known as artificial 
musk have no chemical relationship with natural 
musk, but merely have a similar odour. This, 
however, is much coarser than that of the 
natural product, and unless used spaiingly the 
resulting perfume is coarse, d’hcre are three 
types of artificial musk, known as xylene m.^isky 
ketone musky and musk ambrettc. 

Xylene musk was the first known of these, and 
was discovered by Baur (Ber. 1891, 24, 2841); 
the “ Musk Baur ” of commerce has a dilution 
of acetanilide wdth 10% of the musk compound, 
described in the original patent specification as 
a toluene product, but the xylene homologue 
appears to have the bettor odour, and is pre- 
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pared by the nitration of tert-hutyhm-xjleiiG. 
The nitration must be carried to the trinitro 
stage, as the mono- and dinitro-corapounds 
have no marked odour of musk. The constitu- 
tion of this triIli^^o-t^’r^b^tylxylcne, or “ xylol 
musk ” as it is often called in commerce, is : 


Me 



It has m.p. 110-113° and is soluble to the 
extent of about 1% in alcohol, the best solvents 
being benzyl benzoate and salicylate. 

Ketone musk has a much finer odour than 
xylene musk, and is prepared by nitrating an 
acetyl derivative of /-ert-butyl -Tre xylene ; it has 
m.p. 13G”, and has the structure 


Me 



(Tschitschbabin, Bull. Soc, chim. 1932, |iv], 51, 
1436). 

Musk amhrettc is regarded by most perfumers 
as the finest of tlie artificial musks, it is either 
the methyl ether of dinitro-fer^-butyl-m-cresol, 
CeHMe(0Me)(CMe3)(N02)2» m-P- ^ 

mixture of this compound with a homologue. 

Artificial musks known as aldehyde and 
cyanide musks have been prepared, but are not 
commercial articles. 

Artificial musks are sometimes adulterated, 
usually with acetanilide. 

E. J. P. 

MUSTARD. A name applied to a number 
of plants of the family Cruciferae cultivated all 
over the world. The plants are mainly grown 
for condiment al or for the oil-bearing value of 
their seeds^ though certain Eastern species are 
eaten as ordinary vegetables. 

Cultivation. 

White mustard can be grown on almost any 
type of land. Black mustard requires a deep 
weU-drained fertile soil, free from acidity. In 
England, sowing of seed in a fine, fairly solid bed 
takes place in March and April. The plants 
ripen in August and are harvested in a similar 
way to ordinary cereal crops, special care being 
taken to ensure the dryness of the cut crop 
before stacking. The seeds are threshed out in 
the usual way. 

Botanical Characteristics. 

The most important species are as follows : 

(1) Brown (or Black) Mustard {Brassica nigra 
Lin. Koch) is a branching annual, 3-6 ft. tall, 
indigenous to Europe, and is largely cultivated 
for its seeds. It bears four-sided pods each 
containing several dark reddish-brown seeds; 
the latter are round, about 1 mm. diameter, and 
finely reticulated, 

(2) White (or Yellow) Mustard {Sinapis alba 


Lin.) is a somewhat smaller plant, naturalised in 
England, and is distinguished in shape from 
brown mustard by its less spiky habit of growth. 
Its seeds are borne singly in beaked pods, and 
are of a light yellowish- bufl’ colour, 2 3 mm. in 
diameter, and smooth to the touch. 

(3) Indian Mustard {Brassica juncea Coss) 
is the Asiatic counterpart of B. Nigra in Europe, 
and it resembles it in outward appearanc^e. The 
seeds are dark reddish-brown, about 1-5 mm. in 
diameter, and strongly reticulated. 

The above three varieties are used com- 
mercially. 

(4) Chinese Mustard or Pak Choi {Brassic/i 
chinensis Lin.) and similar species {B. pekinensis 
or pe-tsai, B. paraehinensisy etc^.) are cabbago- 
likc in appearance and arc grow’ii as vegetables 
in the East. 

The botanical and i;ommcrcinl classification 
do not always correspond. In commercial 
classification the practice is adopted of naming 
mustard according to the region or country in 
which it is actually grown. Thus, the so-called 
Chinese mustard seetl of commert e is recognised 
as Brassica, juncea, 

A full description of the cultivated Brassicas 
is given by L. H. Bailey.^ 

Bistology. — The mustard seed consists of 
two conduplicately folded cotyledons, enclosing 
an embryo, and surroinided by a sperm odfuin. 
The cotyledons consist of ordinary mesoyjhyllic 
tissue with aleurone and fatty granules ; the 
spermoderm is divided into the following layers, 
from outside inwards : 

(1) Outer epidermy 60-100p in diameter, thin- 
walled mucilaginous cells. 

(2) Palisade cells, very thick-walled, about 
lOfi diameter; these show well-marked poly- 
gonal dark reticulations (about lOOp) corre- 
sponding with the seed markings. The palisade 
cells are reddish-brown in the case of B. nigra 
and B. juncea, yellow in B. alba. 

(3) Pigmented layer, thin-walled cells, about 
5()p, coloured red-brown in B. nigra, and B. 
juncea ; in S. alba a layer of parenchyma takes 
its place. 

Chemical Composition. 

Mustards contain glucosides which hydrolyse 
under the action of the enzyme niyrosin and 
water to yield the respective mustard oils. 

White mustard {S. alba) contains sinalbin (v. 
Vol. VI, 95c?) wliich decomjioses into its consti- 
tuent components, sinalbin mustard oil, d- 
glucose, and sinapin acid sulphate, as indiesated 
by the structural formula based on Gadamer’s - 
results : 
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Siiialbin mustard oil (p-hydroxybenzyl isothio- 
cyanate) is non-volatile and unstable. It 
possesses a pungent taste. 

Brown Mustard {B. nigra) contains the gluco- 
side sinigrin (v. Vol. VI, 96a) {potassium myro- 
nate) and hydrolyses under the action of myrosin 
and water into ally] i^othiocyanate, d-glucose, 
and potassium hydrogen sulphate : 

Ally! isothiocyanate. Glucose. 

CHatCH CHg-NrC S CeHjiOa 

KOSOjci 

' ^ 

Potassium hydrogen 
sulpliate. 

Allylisothiocyanate (volatile oil of mustard) is a 
colourless or slightly yellow liquid, which in the 
crude form has b.p. 148-156°, p l*016-l-030; it 
is volatile in steam, possesses a pungent odour, 
and has a strong rubefacient action on the skin. 

Myrosin is an enzyme which possesses the 
specific action of hydrolysing the mustard oil 
gliuiosides. It is present in a number of the 
eVuciferae family. In neutral solutions, its 
action is rapid, and when brown mustard hour 



is mixed with water, 90% of the volatile oil 
(allyl isothiocyanate) is liberated in the first 
8 minutes. Acids and alkalies retard or inhibit 
its ac.dion depending on their concentration. 
As is the case with other enzymes, myrosin is 
inactivated by boiling water. Its optimum 
temperature would apj^ear to bo 45-50°c. 

Mustard also contains a fixed fatty oil, which 
is bland, tasteless, and nearly colourless. The 
general characteristics of the oils from cruciferae 
seeds are described by llilditch, Riley, and 
Vidyarthi.® Mustard oil is used in the East for 
culinary purposes. 

White Mustard seed contains a mucilaginous 
material studied by Bailey and Norris.** The 
mucilaginous material is iir th(‘- bran, and it 
plays an imjrortant part in the preparation of 
so-called French and prepared mustards. 

Mustard Flour is prepared by crushing the 
seeds and removing the bran by sifting. Further 
milling redin^es the product to a fine flour. In 
general none of the fixed oil is removed. In 
some instances in the U. 8 .A. a portion of the oil 
is removed by pressing before the seed is milled, 
giving rise to the 8 o-(‘ailed “ cake ” flour. 

Typical percentage analyses of mustard seed 
and flour are given in Table I. 


Table I. 



Moisture. 

Protein. 

Fixed oil. 

Allyl wothio- 
cyanate. 

p-Hydroxy* 
benzyl iso- 
thiocyanate. 

Ash. 

Fibre. 

White mustard seed 

9-3 

28-4 

25*6 



21 

4-6 

10-5 

Black mustard seed 

8-5 

26-5 

25-5 

0-9 

— 

4*9 

9-0 

White mustard flour . 

6-3 

31*6 

37-2 

— 

3-2 

4-2 

3-9 

Black mustard flour . 
Commercial blend of 

4-3 

29-8 

370 

1-4 

— 

50 

31 

mustard flour . 

40 

34*2 

35-9 

0‘81 

1-67 

4-4 

j 


The composition of the ash of white and black mustard seed as determintHi by Fiesse and 
8 tansell ® is given in Table II. 


Table II. 



KgO. 

Na,0. 

CaO. 

MgO. 

FeaOs* 

P 2 O 5 . 

SO 3 . 

SIOj. 

Cl. 

White mustard seed . 

22*64 

0*25 

11*19 

12*58 

1*23 

41*97 

8*58 

1*34 

0*14 

Black mustard seed . 

23*59 

0*38 

14*95 

11*06 

M 6 

40*99 

6*12 

1*55 

1 0*16 


Standards and Adulteration of 
Mustard. 

The U.S. Foods and Drugs Act has standards 
for mustard and prepared mustard which allow 
of no admixture with foreign starch or seeds. 
Many other countries prohibit any addition to 
mustard. In England small additions are per- 
mitted provided the product is described as a 
mixed article. Besides wheat flour, common 
additions are turmeric and cayenne pepper ; all 
these additions may be detected microscopically. 
The presence of charlock (wild mustard, B, 
arvensis) in mustard is similarly detected, and 
also by the red colouring matter produced from 
the contents of the palisade cells on heating with 
chloral hydrate. 


Analysis of Mustard. 

The following estimations are normally carried 
out on samples of mustard flour ; 

Moisture . — Owing to de(;omposition losses, 
this is determined by drying in vacuo. 

Ash, Protein, and Fixed Oil are determined by 
normal methods. 

Crude Fibre is estimated by the usual A.O.A.C. 
method.® 

Sinigrin and Allyl Mustard Oil are normally 
estimated by the method of the French Codex ^ 
with the modification that the initial resolution 
or hydrolysis to produce the pungent principles 
is permitted to proceed for 2 hours at 37°o. 

Sinadbin and ^-hydroxyberuyl hothiocyanate may 
be determined by the method of Terry and Corran ® 
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Uses of Mustard. 

Whole mustard seed is used as a flavouring ifi 
pickles, sauces, eie. Tlie eo-ealled prepared 
mustard of eomineree in the r.8.A., and various 
continental mustards, consist of the whole seeds 
ground to a fine paste with vinegar, salt, and 
spices. Th(^ eonsisiimcy and smoothness of the 
mustard, which depcjnds on the mucilaginous , 
material present in the outer coatings of th(‘ 
white seed, is determiiu^d hy the fitumess of the 
grinding process, fn England, mnslard flfuir 
made into a j)aHtc witli wait(U‘ or milk is one of 
the recognised (‘ondiments. The mustard flour 
used is a blend of white and brown mustard 
flours and when mixed with water the pungent 
oils are released. Almost complete liberation 
of these oils is attained in 8-10 minutes after 
the mixing. The condiiiuaital use of mustard 
is larg(ily a fact of ex])crienee and is based on 
the elusive factors of flavour and ])alatability. 
In the manufaetui'e of salad cream and rnayon* 
liaise, mustard flour exerts a strong emulsifying 
action, enhancing the stability and increasing 
the initial consistency of the mayonnaise emul- 
sion ((Wran In tliis connection mustard 

acts as a fine ])owalcr and favours the formation 
of an oil-in -water emulsion. Mustard flour also 
possesses adsorptive properties which have been 
made particular use of in the wine industry to 
remove taints and mustincss from wines, 
Experiments have showui that both browui ami 
white mustard have a powerful fungicidal action 
against the yeasts of alcoholic fermentation and 
compare in efle(*t with chemical jireservatives 
such as sulphur dioxide and benzoii; aeid.^" 
Of the s})ices and condiments, mustard, through 
its essential oils, is the most powerful in its 
fungicidal action. Fungi of the genera JCpider- \ 
mophyton and Trichophyton, responsible for ring- * 
worm infections of the hands and feet, are also 
inhibited or kilhnl by mustard, while the (;om- 
inoii fungi of the air show varying degrees of 
resistance to its a(;tion. 

Physiological Aspects of Mustard. 

Mustard is classed pharmacologically as a 
rubefacient and counter-irritant, thcjse firoperties 
being due to the pungent oils which are produced 
on moistening the dry mustard flour with w’^ater. 
Of the two oils, allyl nvothiocyanate (volatile 
oil of mustard) seems to have received attention 
by physiologists and more is known of its 
physiological action than is the ease of p- 
hydroxybcnzyl isothiocyanate, the oil obtained 
from white mustard. 

Mustard mixed with water to liberate the pun- 
gent principles and then applied to the skin 
causes a dilation of the capillaries resulting in a 
flow of blood therein from the neighbouring 
larger vessels and from the deeper -seated organs 
beneath. This is manifested by a reddening of 
the skin at the site of treatment, and by the 
production of warmth and tingling sensations 
which may become unbearable. At the same 
time the capillary walls increase in permeability, 
with consequent exudation of fluid into the tissue 
spaces, eventually leading to the formation of a 
weal. These phenomena have been explained 
by Lewis as being due to the production of a 


histaminc-like substance which initiates the 
responses described above. Similar ctfects are 
[iroduced by heat, cold, electric currents, and 
various trauma. 

Allyl (browui) mustard oil, being volatile, 
causes violent irritation to th(? eyes and nasal 
passages even at a distance, but oil of white 
mustard is non-volatile, and, therefore, does not 
hav(‘ this acTion. Another difference in their 
{)hysiological clfccts is that white mustard pro- 
duces the skin reactions more slowly than docs 
browui, but once initiated they persist for a 
longer time, 

iMiistard also has a reflex stimulating action 
upon the heart, which tends to neutralise the 
depresskm that would otherwise follow the 
initial stimulafiotis. This property makes a 
thin suspension of mustard one of the safest 
enuTics. 

Ap])lical.ions of mustard are used in medical 
trcatnauit chiefly for alleviation of pain. This 
effect r(‘sulls partly from the* warmth produced, 
partly Irom the draining away of blood fiom 
d(‘ep-seated organs witii eonseijuent relief of 
]>ressure tlKU'cdn, aj)d to somi^ extent no doubt 
from the reflex luu'vous stimulation referred to 
abov(‘. In muslard th(‘nipy the normal j>ro- 
cedun* is to mix tlu! flour with cold or tepid 
water in order to Iib(‘rat.(^ the oil, and apply it as 
a poultice, plaster, or ])ack. Details of the 
thera])eutic uses and modes of application of 
thes(‘ are given in most (('xtbooks of physio- 
th(‘ra])y or nursiTjg. 
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J. w. c. 

MUSTARD, ESSENTIAL OIL OF. 

(■J. Mu.stard, this VoL, p. 2546). This oil is 
obtained from the seeds of the black mustard, 
Brassim nigra Koch (Fam. Cruciferm), after 
expressing the fixed oil. The pressed cake is 
macerated in water at 60-70° for several hours 
when a reaction takes place between the gluco- 
side sinigrin (potassium myronate) and the 
enzyme myrosin, present in the seed, with the 
production of allyl e’.yothiocyanate, the main 
constituent of the oil. 

Composition.-— AMyl t>ofchiocyanate 93-98% 
with traces of carbon disulphide and allyl 
cyanide. Artificial mustard oil is obtained by 
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the dry distillation of potassium allyl sulphate 
and potassium thiocyanate, or by heating allyl 
bromide with an alcoholic solution of potassium 
thiocyanate. It is largely used in place of the 
natural oil of mustard. 

Properties . — Essential oil of mustard is a 
colourless or slightly yellowish liquid, p 1*018- 
1*024, which has highly lachrymatory and 
vesicant properties. It is said to prevent the 
souring of red wines if added in the proportion 
of 1 c.c. of a 1% solution to 1 litre of wine. In 
this proportion it is stated to affect neither the 
odour nor the flavour. 

C. T. B. 

MUSTARD GAS {v. Vol. Ill, 8d, 116, 21d, 

22a). 

MUTAROTATION {v. Vol. VII, 70c). 

MUTASE {v. Vol. V, 4296). 

MYCODEXTRAN {v. Vol. V, 67d). 

MYCOGALACTAN {v. Vol. V, r>8a). 

MYCOPHENOLIC ACID {v. Vol. V, 53c). 

MYCOSE is aa-trehalose, ca-diglucopyra- 
noso : 

CH,*OH H OH 



H OH H 

a. T. Y. 

“ MYOCHRYSIN ” (v. Vol. VI, 1196). Sodium 
aurothiomalate. Used in treatment of tuber- 
culosis and rheumatoid arthritis (v. 8ynti£ETIO 
Drugs). 

►S E 

MYOCTONINE (v. Vol. I, 123d}. 

MYOGLOBIN (v. Vol. VI, lOGd). 

MYOKYNINE (v. Vol. 1. 6876). 

“ MYOSALYARSAN ” (v. Vol. I, 492a). 

MYOSIN. Paramyosinogen. A protein of 
the globulin class found in striated muscle and 
in maize (Vol. JI, 481d). For its structure, 
elasticity, and relation to muscular contraction, 
see Astbury et al., Proc. Roy. Soc. 1940, B, 129, 
307 ; Astbury, J.G.S. 1942, 337. Araino-acids 
amounting to 77% of its weight have been 
identified by Sharp (Biochem. J. 1939, 38, 679). 

J.* N. G. 

MYRCENE, 

MegC.CH CHg CH 2 C(:CH 2 )CH:CH 2 , 
b.p. 166-lG8°/760 mm., 0*8013, nj, 1*4700, 
occurs in the essential oils from the leaves of 
Myrcia acris and Barosma venusta and in a 
number of other essential oils [v. Terrenes). 

J. L. S. 

MYRCENOL. This alcohol, CioHigO, b.p. 
99°/10 mm., p^^ 0*9032, 1*4806, of unknown 

constitution is stated to occur in the oil from the 
leaves of Barosma venusta and in oil of hops. It 
is not identical with the alcohol obtained by the 
oxidation of myreene with selenium dioxide 
which has been similarly designated (v. Ter- 
renes). 

J. L. S. 


MYRICA NAGI Thunb., an evergreen tree 
belonging to the Myricacese is found in the sub- 
tropical Himalayas from the Ravi eastwards, 
also in the Khasia mountains, the Malay Islands, 
China, and Japan. It is the box-myrtle or 
Yangmse of China and is synonymous with 
M. sapida Wall., M. rubra Sieb. and Zucc., and 
M. integri folia Roxb. The bark, occasionally 
used as a tanning agent, is met with under the 
name of kaiphal (Bombay) or shibuki (Japan). 

The colouring matter, myricetin, and its glyco- 
side, myricitrin, can be isolated from an aqueous 
extract of the plant, but are more readily 
obtained in quantity from commercial “ shi- 
buki ” extract (Perkin and Hummel, J.C.S. 
1896, 69, 1287; Perkin, ibid. 1902, 81, 204). 

Myricetin, Ci 5 HioOg, pale yellow needles, 
m.p. 357-360°, is soluble in aqueous potassium 
hydroxide with a green coloration which, on 
standing in air, bc(;omes first blue, then violet, 
and eventually brown. Alcoholic lead acetate 
gives an orange-red yjrocipitate and ferric 
chloride a brown- black coloration. With mineral 
acids in the presence of acetic acid it yields 
crystalline oxonium salts. 

The following dtTivativos of myrioetin have 
been prepared : Hexa~acetate, colourless needles, 
m.p. 214-215’; teirabrorno-dorivsitivo, brown- 
red needles, m.p. 235-240°, and its ethyl ether, 
m.p. about 146° ; 3' :5' -dimethyl ether, pale yellow 
needles, m.p. 288-289° after darkening at about 
270° ; 3':4:':5'-trim£thyl ether, pale yellow 

needles, m.p. 290-293° ; 3:3':4:':5'-tetramethyl 

ether, pale yellow plates, m.p. 276-277*5° ; 
3:l:3'A':5'-pe?itamethyl ether, very pale yellow 
needles, m.p. 138-139°; b:l:3'A':^'-pentaYnethyl 
ether, yellow needles, m.p. 230° ; hexamethyl 
ether, colourless needles, m.p. 159-161°; hexa- 
ethyl ether, almost colourless needles, m.p. 149- 
151°. 

W'hen fused with alkali myricetin yields 
phloroghnanol and gallic acid. With boiling 
alcoholic potash myricetin hexamethyl ether 
gives gallic acid trirnethyl ether and rnethoxy- 
fisetol dimethyl other (1) ; myricetin is, there- 
fore, 3:5;7:3':4':5'-hexaliydroxyflavone (li) (Per- 
kin, ibid. 1911, 99, 1721). 

MeOr'^NoH 


^JCO'CHaOMe 

MeO 

I. 



This structure has been confirmed by synthesis 
(Kalff and Robinson, ibid. 1925, 127, 181). 
a>-Methoxyphloracetophenone was heated with 
trimethyl gallic anhydride and sodium trimethyi- 
gallate and the product hydrolysed; the 5:7- 
dihydroxy-3;3':4':5'-tetramethoxyfla vone thus 
obtained yielded myricetin on demethylation. 


VoL. VIII.—17 
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Myricetin 3':4':6'-trimethyl ether and syringetin 
(myricetin 3":6'-dimethyl ether) were similarly 
prepared (Heap and Robinson, ibid. 1929, 67). 

The synthesis of myricetin pentamethyl ether 
was effected by Sonn (Ber. 1925, 58 [B], 1103) 
by the condensation of 2-hydroxy-4:6*di- 
mcthoxyacetophenone and 3:4;5-trimethoxy- 
benzaldehyde ; the 2-hydroxy-4:6-dimethoxy- 
phenyl 3:4:6-trimethoxy8tyryl ketone formed 
was converted into the fiavanono, the oximino- 
derivative of which was transformed by sul- 
phuric and acetic acids into myricetin 5:7:3':4':5'- 
pentamethyl ether (c/. Dean and Nierenstcin, 
J. Amer. Chem. Soo. 1925, 47, 1676 ; Nieren- 
stein, Ber. 1928, 61 [B], 361; and llattori, 
BuU. Cheni. Soc. Japan, 1927, 2, 171). 

Myricitrin crystallises from water forming 
pale yellow, almost colourless leaflets, m.p. 199- 
200®, and is soluble in alkalis with a pale yellow 
tint. Aqueous lead acetate gives an orange- 
yellow precipitate and alcoholic ferric chloride a 
deep greenish- black coloration. On hydrolysis 
it yields myricetin and rhamnose. 

By methylating myricitrin with diazomethane, 
or with dimethyl suljjhate and alkali in an atmo- 
sphere of hydrogen, and hydrolysing the pro- 
duct, Hattori and Hayasbi (Acta Phytochim. 
1931, 5, 213) obtained myricetin 5;7:3':4':5'- 
pentamcthyl ether. They conclude, therefore, 
that the rhamnose residue in myricitrin is in 
the 3-po8ition. 

In addition to myricetin, the M. 7iagi contains 
a trace of a glycoside of a second colouring 
matter which is probably quercetin*. 

Myricetin is also present in the leaves of Rhus 
coriaria, cotmus, and meiopiuniy in the Myrica 
gale, in the leaves of Pistacia lentiscus, Hsemat- 
oxylon campechianum, and Coriaria myrtifoUa 
(Perkin, J.C.S. 1898, 73, 1016; 1900, 77, 426; 
Perkin and Allen, ibid. 1896, 69, 1299; Perkin 
and Wood, ibid. 1898, 73, 376), and together 
with ampelopsiv (3:5:7:3':4':6'-hexahydroxy- 
flavanone) in “ Haku*tya {Ampelojysis meliae- 
folia. Kudo) (Kotake and Kubota, Annalen, 
1940, 644, 253). Myricitrin has been isolated 
from the leaves of the hazel nut, Corylus avellana, 
and the Judas tree, Cercis siliguastrum (Collot 
and Charaux, Bull. Soc. Chim. biol. 1939, 21, 
455). 

The pharmacological action, particularly the 
diuretic action, of myricetin and related com- 
pounds has been studied by Koike (Folia 
Pharmacol. Japan, 1931, 12, No, 1, 89, Breviaria, 
6 ). 

Myricetin may be used to determine small 
amounts of antimony (Naito, J. Pharm. Soc. 
Japan, 1939, 59, 303). 

For reduction products of myricetin and 
myricitrin, and absorption spectra, see Kondo 
{ibid. 1932, 52, 353), Moir (J. S. African Chem. 
Inst. 1927, 10, 36), and Tasaki (Acta Phytochim. 
1927, 3, 1). 

Dyeing Properties. — On mordanted wooUen 
cloth the shades given in the Table are obtained. 

The shades obtained with myricetin and 
m3Ticitrin are practically identical with those 
given by quercetin and quercitrin, respectively. 
Myrica bark gives shades which are similar to 
the colours obtained from quercitron bark, but 
are fuller. According to Hummel and Perkin 


(J.S.C.T. 1895, 14, 458), some specimens of 
myrica bark are exceedingly rich in colouring 
matter. 

By fusing myricetin wdth sodium polysulphide 
and sulphur, tSatow (Ind. Eng. Chem. 1915, 7, 
113) obtained a product which dyes cotton a 
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deep sepia colour, though if copper sulphate, 
manganese sulphate, or ferrous sulphate is 
added to the fused mass, substances possessing 
a bluish or bluiKh-grcy colour are produced. 
When fused with sulphur alone, myricetin gives 
a brown -ycUow compound. A yellow dye may 
also be obtained by nitrating myricetin sul- 
phonic acid. 

E. J. C. 

MYRICIN, originally the residue obtained 
by extracting beeswax with boiling alcohol 
(Brodie, Phil. Trans. 1849, 139, i, 91); its 
.chief constituent, jnelissyl ])almitate, m.p. 72°, 
is usually known as niyririn. Meliss.vl alcohol 
{v. infra) from beeswax is a mixture of alcohols. 
In pharmacy wyricin denotes the powdered 
extract of bay berry bark (“ Extra Pharma- 
coixeia,” 1941,* I, 375). 

J. N. G. 

MYRICITRIN (v. supra and Vol. VI, 925). 

MYRICYL ALCOHOL. Melissyl alcohol. 
Melissic alcohol. There has been much con- 
fusion in the literature conc'erning the formula 
of this normal prirnar}^ alcohol, whicli has been 
frequently reported either as C.3oHgi*OH or as 
^31 Hes-OH (r/. “ Beilstein,” Zweites Ergiin- 
zungswerk, 1941, I, 472). 

Heiduschka and Gareis (J. pr. Chem. 1919, [ii], 
99, 298) assigned the Cg^ formula to camauba 
wax mehssyl alcohol, m.p. 87*5° and the Cg^ 
formula to beeswax melissyl alcohol, m.p. 85*5°. 
Gascard and Damoy (Compt. rend. 1923, 177, 
1442) confirmed the Cg^ formula last-men tionecl 
but gave m.p. 87°. According to Pummerer, 
et al. (A. 1929, 1420) the alcohols are identical, 
have the Cgj formula, and melt at 88°. Francis, 
Piper, and Malkin (Proc. Roy. Soc. 1930, [A], 
128, 249) fractionated the acetate of the melissyl 
alcohol from carnauba wax and concluded that 
this alcohol is a mixture. Chibnall and col- 
laborators (Biochem. J. 1934, 28, 2194) infer 
from melting-point data and X-ray analysis of 
mixtures of pure primary alcohols and from a 
similar examination of alcohols from waxes, 
that the wax products are mixtures, for which 
they deduce the probable compositions. Thus 
the melissyl alcohol, m.p. 87®, of Gascard and 
Damoy is formulated 40% Cgn-b40% €32+20% 
C34. They recommend that the names melissyl 
and myricyl be abandoned as they have always 



MYRISTICA PATS. 


259 


been applied to mixtures and these should bo 
distinguished by quoting their melting-points. On 
the other hand pure w-triacontanol, CgoNgj-OH, 
m.p. 86-3-86-5°, has been isolated from the wax 
on lucerne leaves (Chibnall et al.y ibid. 1933, 27, 
1885). 

Note . — Misquotations in the literature. The formu- 
lations of Heiduschka and Gareis (l.c.^ p. 298) arc 
quoted in the inverse order by Francis et al., l.c., 
pp. 249, 250, and by Chibnall et al.y Biochem. J., 1934, 
28, 2198. 

J. N. G. 

MYRISTICA FATS. (Nutmeg Butter, 
ViBOiA, Otoba, etc., Pats.) This group com- 
prises a number of fats, which are derived from 
the seeds of tropical trees of the Pam. 
MyristicaccEO, and characterised by the presence 
of a very large proportion of (combined) 
saturated acids, and in particular of myristic 
(tetradecoic) acid : this acid may so preponderate 
that much of it appears in the fat in the form 
of the simple triglyceride irmiyrislin, accom- 
panying mixed glycerides of myristic and other 
saturated and unsat iirated acids. 

Whilst they are of considerable scientific 
interest, most of the Myristica fats have little 
t-echnical importance except in their countries 
of origin, where they are used by the native 
populations in pharmaceutical and (josmetic 
preparations (for external application), or for 
the manufacture of soap. Nutmeg butter, the 
best-known representative of the group, has 
also found application in Western Eui’ope and 
N. America as a gentle local stimulant in hair 
lotions, plasters, etc., whilst Papuan nutmeg 
butter has acquired some currency as an 
adulterant or substitute for true nutmeg butter. 

The Myristica fats are derived from the seeds 
(endosperm). As a rule, the crude fats are 
brow'nish or orange in colour (owing, probably, 
to colouring matters derived from the dark seed- 
coat, the infoldings of which spread deep into 
the endosperm) and contain considerable 
amounts of resinous and unsaponifiablo con- 
stituents ; in the case of a few members of the 
group, notably the true nutmeg, the seed, and 
. the fat therefrom, contain appreciable quantities 
of aromatic essential oil. 

In some species the “ mace ” or arillua of the 
seed also contains fat {e.g.^ in Pyncanthus hombo), 
or, as in the nutmeg, essential oil, or both. 

Nutmeg Butler, Mace Butter, is the 
yellowish or orange solid fat derived from the 
kernels of the true nutmeg, Myristica officinalis 
L. (Syn. M. fragrans Houtt, or Jf. mvsehata 
Thunb.) which is indigenous to the islands of the 
Indian Archipelago, notably, 'Molucca, the Banda 
Islands, Celebes, Sumatra, and Java, and is now 
cultivated there and also in the West Indies ' 
(Grenada), Brazil, and Guiana. Commercial 
nutmeg butter is recovered from undersized, 
damaged or worm-eaten seeds which are un- 
suitable for sale as spice. Formerly, all such i 
defective seeds which could not be exported ] 
were worked up for the fat locally in the East i 
Indies, by roasting or steaming, grinding and i 
pressing. The brownish fat so obtained was ^ 
exported in the form of bricks or bars wrapped 1 
in palm leaves, and was known in the trade os i 
“ Dutch ” nutmeg butter, and in England as ] 
** soap of Banda.’* “ Indian ” mace butter was 1 


of somewhat inferior quality. Of latter years, 
a considerable amount of mace butter has boon 
prepared in Holland by more refined methods of 
pressing from rejected seeds, or from seeds from 
which the essential oil of nutmeg has been 
previously recovered by distillation. About 
three-quarters of the total 38-40% of fat 
present in the seed is recovered in technical 
• practice. 

The analytical characteristics of commercial 
nutmeg butter vary considerably, owing, mainly, 
to the varying amounts of essential oil (4-25%) 
present, and to differences in the mode of pre- 
paration and purification of the fat. The follow- 
ing figures illustrate the usual ranges : 
0-946-0-9G() ; 0-884; 1-466-1*470 

(G. S. Jamieson, “ Vegetable Fats and Oils,” 
1942, p. 95) ; 1*470-1 -475 (Utz, Chem. Rev. Fett- 
imd Harz-lnd. 1903, 10 , 11); sap. val. 168-180; 
iod. val. 45-59 ; m.p. 42-52° ; titer 40— 45°C. 
The free fatty acid content runs from 4-6% 
(calc, as myristic acid) and up to 20 % of un- 
saponifiable matter may bo present. The fatty 
acids of a jiurified sample of fat examined by 
Collin and Hilditch (Bioihem. J. 1929, 23 , 
1281 ; J. 8 .C.I. 1930, 49 , ]41t), aftt^ elimination 
of the 19*5% of resinous matter present, con- 
sisted of: lauric 1-5, myristic 76-6, palmitic, 
10*1, oleic 10*5, and linolic acid 1*3%. The true 
fat (glycerides) contained 71% of fully saturated 
glycerides (/.c., 58-6% on the original purified, 
but still resinous, fat) of which about three- 
(luarters consisted of the simple triglyceride 
trimyrisiin (cf. Bormu* and Ebach, Z. Dnters. 
Lebensm. 1928, 55 , 511 ; Heiduschka and Habel, 
Arch. Pliarm. 1933, 271 , 56. According to 
Power and Salway (J.C.S. 1908, 93 , 1653), the 
unsaponifiablo matter of nutmeg butter contains 
a substance C,gH 2205 , some myristicin (3- 
methoxy - 4:5 - methylenodioxy-l-allylbenzone) 
and a very small amount of a phytosterol 
C 20 H 34 O (?), m.p. 134-135°. 

Owing to its high content of combined myristic 
acid, nutmeg butter is practically completely 
soluble in 20-25 parts of boiling 95% alcohol; 
on cooling, the solution deposits crystals of 
trimyristin, m.p. 55° {cf. Utz, l.c.). Adulterants 
such as lard, petroleum jelly, etc., arc not fuUy 
soluble in the hot spirit, and also lower the 
melting-point of the trimyristin precipitated on 
cooling ; addition of waxes raises the melting- 
point of this fraction. 

Nutmeg butter is not infrequently substituted 
or sopliisticated by fats from other species of 
Myristica^ and especially by Papuan nutmeg 
butter, from the seeds of the Papuan (New 
Guinea) long nutmeg, M. argentea Warb. ; this 
fat is stated to have characteristics similar to 
those of true mace butter, but contains no, or 
very little, essential oil. The seeds of M. 
mcUabarica Lam. ('‘ Bombay seeds ” or “ kai- 
phal,” growing in Konkan, Kanara, Malabar, 
and Tranvancore, resemble nutmegs in appear- 
ance, but yield a fat of different character, 
which not only contains much more oleic acid 
than other Myristica fats, but also is anomalous 
among seed-fats in respect of its glyceride com- 
position. A sample of the fat (18%) extracted 
by light petroleum from the kernels, and studied 
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by Collin (J.S.C.I. 1933, 62, lOOr ; cf, Collin and 
Hilditch, ibid, 1930, 49, 14 It) contained about 
16% of non-fatty resinous matter. The purified 
mixed fatty acids (iodine val. 63-6) consisted 
of: myristic 32, palmitic 16*9, stearic 3*2, 
oleic 47*4, and linoleic acid 0*6% by weight, 
t.e., a molecular ratio of 1*3 mol. of saturated 
acids to 1 mol. of unsaturated acids : in a seed- 
fat of this composition, no fully saturated 
glycerides would be expected to be present, but 
in fact the fat was found to contain about 15% 
of fully -saturated glycerides, and it thus 
resembles laurel fat (Vol. VII, 195c) in being 
an excejition among seed-fats to the general 
rule of “ even distribution ” of saturated and 
unsaturated acads in mixed glycerides. 

Kombo Butter is derive(l from the seeds of 
M. angolensis Welw. {PijCnanthus kombo Badlon, 
Warb.), a tree (the ‘‘ arbre h suif du Gabon ”) 
widely distributed in Gaboon. Kernels from 
Sierra Leone examined by Atherton and Meara 
(J.S.C.I. 1939, 58, 355) yielded 61*6% of a dark- 
brown fat containing considerable amounts of 
resinous matter, which was removed by means 
of sodium carbonate. The refined fat had an 
iodine value of 32*3 (c/. Anon., Bull. Imp. Just. 
1908, 6, 377) and its fatty acids were found to 
consist of: unsaponifiablc matter 1*2, lauric 
6*4, myristic GO-8, palmitic 3-(), J^-tetradecenoic 
23*4, and oleic acid 5*G%. The occurrence of 
J^-tetradecenoic acid, apparently identical with 
the J^'^-myristoleic aedd present in fish oils, 
w’hale oils, and butterfat, but hitherto unknown 
in vegetable oils, is remarkable. 

The fat of M, canarica (iodine value ca, 27)y 
the Indian “ candle-nut tree ” * {cf. Hooper, 
Agric. Ledger, 1907, No. 3, 18) and Ucuhuba 
(Bicuhyba or Urucuba) Fat (iodine value 14; 
cf. Bolton and Hewer, Analyst, 1917, 42, 42) 
from Virola bicuhyba Humb.f have a high con- 
tent of myristic acid, but have not been fully 
analysed by modem methods. 

Virola Fat, from the kernels of the S. 
American (Brazilian) Virola surinamensis Warb. 
{M. eurinamensia Roland) contains some 42% 
of trimpdstin : the compo.sition of the fatty 
acids oi a sample examined by Atherton and 
Meara (J.8.C.I. 1939, 58, 353) was : caproic 
0*6, lauric 14*9, myristic 73*2, palmitic 5*0, and 
oleic acid 6*4%. Steger and V^an Loon (Rec. 
trav. chim. 1935, 54, 149) reported for “ ucuhuba 
fat ” from Virola aurinamensis : lauric 12*6, 
myristic 63*0, palmitic 8*4, stearic 1*5, oleic G*3, 
and linolic acid 2*8% resinous matter 6*2%. 

It is pointed out by T.P. Hilditch (“ Chemical 
Constitution of the Natural Fats, 1st ed., 1940, 
p. 165) as a generalisation, that the seed-fats 
from species of Virola may contain from 10 to 
20% of lauric acid, which distinguishes them 
from the fats of the allied genus Myristica in 
which, as a rule, very little, or no, lauric acid is 

• This tree must not be confused with Aleurites 
moluccana of the Philippine Islands, etc., the seeds of 
which furnish the well-lcnown drying oil, candle-nut 
(lumbang) oil (v. Vol. II, 262b). 

t Uncertainty exists as to the botanical original of 
the ucuhuba and bicuhyba fats and some other minor 
myrlstlc.a fats examined by various investigators. 
Cf. Le Cointe, “ Apontamentos sobre as sementes 
oleaginosas de florastas amazonicas,*' Rio de Janeiro. 
1931 ; Steger and Van Loon, Rec. trav. Chim. 1935, 
54 , 149. 


present : the content of myristic acid is about 
the same (70%) in both genera {cf. Verkade and 
Coops, Bee. trav. chim. 1927, 46, 628). 

African Ochoco Fat (from Scyphocepfuilium 
ochocoa Warb. Syn. Ochocoa gabonii Pierre) has 
an iodine value of about 2 and consists almost 
entirely of trimyristin (cf. J. Lewkowitsch, 
Analyst, 1908, 83, 313 ; Margaillan, Ann. Mus. 
Col. Marseille, 1929, [iv], 7, No. 3, 5-32). 

Otoba Butter, American Nutmeg or 
Mace Butter (also known commercially as 
“ otoba wax ”), iodine value 54, from the seeds 
of M. otoba Humb. and Bonp., a native of 
Colombia, where the fat is used in the treatment 
of skin diseases of domestic animals, is of the 
same typo as other Myristica fats {cf. Anon., 
BuU. Imp. Inst. 1920, 18, 168). A sample 
analysed by Baughman, Jamieson, and Brauns 
(J.A.C.S. 1921, 43, 199) contained 9*3% of 
volatile oil (mainly sesquiterpenes) and 20*4% 
of unsaponilible matter including a substance 
oiobite, C 20 H 20 O 2 (m.p. 137-138°c., [a|i> -f 35-7^ 
cf. Uricoechea, Annalen, 1854, 91, 369) and its 
isomeride, \so-oiohite (m.p. 106-108°c., [ajj) 
4-6*3^). The fatty acids, freed from un- 
saponifiable matter, consisted of lauric 20*8, 
myristic 73*4, palmitic 0*3, and oleic acid 5*5%. 

Both otobite and wo-otobite yield penta- 
bromidcs, and give an intense and persistent 
pale red coloration with sulphuric acid. 

It may be noted that several of the Myristica 
fats, notably bicuhyba fat and the fat of M. 
canarica., arc stated to develop a blood-red 
colour on treatment with concentrated sulphuric 
acid. 

E L 

MYROBALANS {v. Vol. IV, 276d; VIl] 
2675). 

MYROSIN {V. Vol. IV, 3145). 

MYRRH. Herahol myrrh. HeeraboUmyrrha 
is an oleo-gum-resin, the spontaneous exudate 
of the small tree Commiphora molmol Engl. 
(Fam. Burseracese) and possibly of other species 
of Commiphora, inhabitants of the Somali and 
Arabian littoral of the Red Sea. Nomad tribes 
collect the hardened drops of exudate which 
adhere together forming rounded, brittle, 
translucent masses of a red -brown colour and 
dusty surface. The drug, which has an agree- 
able odour and a strongly bitter taste, is shipped 
from Aden as Somali myrrh or herabol myrrh ; 
it is sorted by European merchants into best 
quality or “ electa ” and second quality or 
“ naturalis.” Together with olibanum, mjrrrh 
has been used as a constituent of incense from 
the earliest times. The Egyptians employed it 
not only in fumigations and in embalming, but 
also in medicine, and it has retained its place in 
modem pharmacopoeias. 

The composition of the drug varies con« 
siderably os shown by the data given in B.P.C. 
1934, 663 : gum 57-61%, resin 26-40%, volatile 
oil 2*5-8%, impurities 3-4% {cf. Tschirch and 
Stock, “ Die Harze,” 1935, II, i, 218). British 
Pharmacopoeia, 1932, 290, specifies: not more 
than 70% insoluble in 90% alcohol, ash not to 
exceed 9% and not more than 4% foreign, 
organic matter. Genuine myrrh gives the- 
following reaction which is not obtained with 
hiaahol myrrh or with hdefdium (Vol. I, fidScy 
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which are known adulterants : an ethereal 
extract of the sample is evaporated and the 
residue exposed to bromine vapour when a violet 
colour is developed. Quantitative determina- 
tions may serve the same purpose. Although 
variable, the ester value, ca. 204, and the 
saponification value, ca. 229, of herabol myrrh 
differ markedly from the corresponding values, 
ca. 125 and 145, of bisabol myrrh and also from 
those of African bdellium, 09-96 and 79-117 
respectively (Tschirch and Stock, op. cit.y p. 225). 

Composition of Myrrh. — 0. von Friedrichs 
(Arch. Pharm. 1907, 245, 427) continued the 
work of Tschirch and Bergmann {ibid. 1905, 
243, 641) and separated a number of amorphous 
constituents : two bivalent phenols a-heeraho- 
rnyrrhol, m.p, 248-250°, and p-heerabomyrrholy 
m.p. 168° ; a resin, heeraborcseny m.p. 100-102°, 
insoluble in alkalis and light petroleum ; four 
acids separated from the ether-soluble fraction 
were a-, j8-, and y-co7nmiphoric acidy m.p.’s 
201°, 205°, 169-172°, respectively, and commi- 
phorinic acidy m.p. 135°. The ether-insoluble 
fraction yielded two acids a- and ^-myrrholoUc 
acidy m.p.’s 220 -225°, and 187-190°, respectively. 

Oil of Myrrhy a viscous yellowish -green liquid 
with a strong odour of myrrh, has p 1-011, [a]i^ 
— 73-9°, 1-5359, acid value 6-15, ester value 

47-6. The oil contains ?rt-cresol, cuminaldehydc, 
oinnamaldehydo, myrrholic acidy heeraholency 
C15H24 (von Friedrichs, Lc.), pinene, dipentene, 
limonene, cugenol {cf. Gildemeister and Hoff- 
mann, Die aethcrischen Ocle,” 1931, 111, 151 ; 
Lewinsohn, Arch. Pharm. 1906, 244, 412). 

Gum . — A white emulsion is formed when the 
drug is triturated with water. The gum has 
[all, 4-23-8° for a 2% aqueous solution (von 
Friedrichs, l.c.). Oxidation with nitric acid 
yields mucic acid. Hydrolysis gives arabinose, 
galactose, and xylose. An oxidase is associated 
with the gum. 

Burseraciny 1 -5-2-5% in myrrh, an astringent 
amorphous substance (G.P. 550583) has been 
recommended for treating wounds. 

Medical Properties . — Myrrh is proscribed as a 
stomachic and carminative and as an expec- 
torant in catarrhs. The diluted tincture is used 
alone or with borax in mouth washes. Accord- 
ing to Gatti and Gayola (Amer. Chem. Abstr. 
1923, 17, 2150) oil of myrrh is inferior to the oils 
of eucalyptus, pine, and myrtle in the treatment 
of pulmonary diseases. For the pharmacology 
of myrrh, see Macht and Bryan, Amer. J. 
Pharm. 1936, 107, 500. 


J. N. G. 


d-MYRTENAL, 


CCHO 

I^cmJ 

H.C I CH. 
CH 


b.p, 91-76°/12-6 mm., pf 0-9898, Wd ■fl6-68°, 
occurs in false camphor wood oil from the wood 
of H^mandia peUata (see Teepbnks). 

J. L. 8. 


d-MYRTENOL, 


C-CHgOH 
HC^ ^CH 

I 

I CMegl 

H^C I CH2 



b.p. 2187771 mm., 103-104711 mm., p\l 0-981, 
1-495J, +45°. occurs in the essential oil 

from the leaves and llowcrs of Myrtus communis 
L. (oil of myrtle) and in the oil from the shrub 
Darwinia grandi flora {see Terpen K s). 

d. L. S. 

MYRTICOLORIN (?;. Vol. IV, 391a; VI, 
926). 

MYRTILLIDIN, a mixture of antho- 
cyanidins obtained by the hydrolysis of myrtillin 
{v. infra). 

W. B. 

MYRTILLIN. This name was given by 
Willstattcr and Zollinger (Annalen, 1916, 408, 
103) to a crystalline and aj)pareiitly homo- 
geneous and distinct anthocyanin, which they 
isolated from fresh, undried skins of bilberries 
(Hcidclbccrcn, Vaccinium myrtillus L.). The 
chloride was assigned the composition 
Purther work 1917, 
412, 1 95) led to the conclusion that myrtillin was 
a galactoside of a monometliyldelphinidin. 
Karrer and Widmer (Helv. Chim. Acta, 1927, 
10, 5) and Bell and Robinson (J.C.S. 1934, 136, 
813) have shown, however, that the bilberry 
pigment is a complex mixture of anthocyanins 
in whi(-h a monogluooaido and a monogalactoside 
of delphinidin, a malvidin monoglucoside and a 
petunidin monoglycoside arc present. Reynolds 
and Robinson (ibid. 1934, 136, 1039) consider 
that the delphinidin glucoRi<lc is almost certainly 
the 3-j3-gluco8ide, since all the monoglucosidic 
anthocyanins of natural origin so far isolated 
(callistephin, chrysanthemin, oxycoccicyanin, 
and oenin) belong to this type. They propose 
the name myrtillin-a for the glucoside, and 
myrtillin-b for the galactoside of delphinidin 
which occur in the skins of bilberries. 

W. B. 

MYRTLE OIL. MYRTOL. Myrtle oil 
is obtained by steam distillation of the leaves of 
Myrlus communis (Fam. Myrlacete) which 
grows abundantly in Mediterranean countries. 
The yellow or greenish-yeUow oil, with a re- 
freshing odour due to myrtcnyl esters, is obtained 
in about 0-3% yield. It also contains pinene, 
cineole, camphor, camphene, and traces of 
aldehydes. It is a reputed remedy in pulmonary 
diseases. Analytical results for the oil over a 
period of ten years have been summarised: 
pis 0-8792-0-8912, ai> +24° 30' to +28° 48', 
1*466-1 *469, acid value (max.) 2*8, ester 
value 42‘7— 59*5, esters (as C]^2^2o^2) 14*96— 
20*8%, ester value after acetylation 88*3-105*7, 
soluble in 0*2-1 *6 vol. of 90% alcohol (Etabl. 
Antoine CJhiris, Parfums de France, 1936, 18, 
239 ; Amer. Chem. Abstr. 1936, 30, 246). 

Myrtol.—The fraction of myrtle oil boiling at 
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160--180° contains esters of myrtenol (this Vol., 
p. 261c) and was formerly extensively pre- 
scribed under the trade name Myrtol'"’ for 
diseases of the lungs. Later its efficacy was 
questioned, and according to Gatti and Gayola 
{ibid. 1923, 17, 2150) myrtle oil is inferior in 
therapeutic value to the oils of eucalyptus and 
pine. 

J. N. G. 

MYRTLE WAX, Myrtle berry wax^ Laurel 
wax, Bayberry wax. Cape berry wax, is obtained 
from the fruit of Myrica spp. Myricacca?) 

chiefly from M. cerifera in North America, AI. 
cordijolia in Cape Colony and M . jalapcmis in 
Mexico. The wax is obtained in 20% yield l)v 
boiling the berries with watei-. The description 
“ wax ” is a misnomer since the substance is a fat 
consisting chiefly of palmitm which is obtained 
in a pure state by crystallising four times from 
light petroleum (Smith and Wade, J. Amer. 
Chem. Soc. 1903, 25. 629). The wax has m.p. 
48°, 0-878, sap. value 217, iodine value ,3-9 

(Smith and Wade, l.c.). The Mexican wax 
\m.pra) gave m.p. 43-2°, /)■*-* 0-87(53, sap. value 
214-5, iodine value 2-38, acid value 4-07 (Glsson- 
Se filer, Bull. Imp. Inst. 1909, 7, 411). The wax 
is used as an ingredient of candle w’ax and of 
polishes for leather. 

J. N. G. 

M YT I L I TO L, mcthylcycZohexanchexol, 

is a crystalline cy close obtained in 0-015% yield 
from the flesh of the common sea mussel, 
Mytilus ed'ulis (Ackermann, Bor. 1921, 54 [B], 
1938). It has m.p. 272°, is only slightly soluble 
in cold water and is insoluble in the usual organic 
solvents ; it has a faintly sweet taste, is optically 
inactive, and does not reduce ammoniacal silvtir 
nitrate or Feh ling’s solution (Daniel and Doran, 
Biochem. J. 1926, 20, 676). 

J. N. G. 

MYXOXANTHIN {v. Vol. II, 400d). 

NAADSTEENEN (v, Vol, III, 573c). 

NACRITE (r. Vol. HI, I96a). 

NAG A RED, Nagana Bed, is a benzopur- 
purin dycvstuff, the sodium salt of benzidinc- 
diBazo-bis-2-naphthylamine-3:6-disulphonicacid, 
proposed as a trypanocide for the treatment of 
the African cattle disease “ nagana,” but was 
effective only in vitro (Ehrlich and Hata, 
” Experimental Chemotherapy of Spirilloses,” 
London, 1911). 

J. N. G. 

NAGYAGITE. A sulpho-telluride of lead 
and gold, of uncertain formula, probably 
PbgAu (Te,Sb) 4 Sr,_ 8 . It contains approxi- 
mately Pb 54, Te 20, S 10, Au 8, Sb 6%, with* 
small amounts of silver and selenium. The 
crystal form may be monoclinic, though the 
X-ray elements have recently been stated in 
terms of a tetragonal cell. It occurs as thin 
tabular crystals and foliated masses, the perfect 
cleavage flakes being flexible and slightly 
malleable, with a blackish lead-grey colour and 
splendent lustre. Hence popularly called 
” foliated tellurium ” and “ black tellurium.” 
Hardness 1-1 J, p 7*4. An uncommon mineral, 
formerly found in some abundance in Tran- 


sylvania at Nagyig, and also reported from 
Kalgoorlie in Western Australia, New Zealand, 
and various localities in the United States and 
elsewhere. 

D. W. 

NAHCOLITE. Sodium carbonate minerals 
include thermonatrito (Na 2 C 03 ,H 20 ), natron 
(NagCOg.lGHgO), and trona 

(Na 2 C 03 ,NaHC 03 , 2 H 20 ), 

The bicarbonate (NaHCOg), named naheolite 
from the formula, has recently been recognised 
in the presence of free carbon dioxide or of cal- 
cium bicarbonate solutions ; in the dry salt 
lake of Little Magadi in Kenya Colony (Walther, 
Amor. Min. 1922, 7, 8(5) ; in an ancient Roman 
' conduit near Naples (Bannister, Min. Mag. 1929, 
22, 53) ; and in some abundance in bores in the 
salt crust of Searles Lake in California (Foshag, 
Amer. Min. 1940, 25, 769). 

L. J. S. 

NAIL-HEAD SPAR (?;. Vol. VI, 2()3c). 

N AMARA POTATO {v. Vol. I, 497n). 

NANDININE (v. Vol. IV, 55a). 

NANKIN (v. Vol. 1, 1336). 

NAPHTHA, a i(‘rm Irequently applied to 
various mixtun^s of volatile hydrocarbons ob- 
tained by fractional distillation of petroleum or 
by destructive distillation of coal, lignite, peat, 
and shale, although Mood naphtha (Vol. I, 
18.3d; III, r>58a) is crude methyl alcohol 
(this Vol., ]>. 12c). The chief uses of the 
hydrocarbon nay)hthas are as solvents and 
diluents in the varnish, paint, and lacquer in- 
dustries (V^ol. TI, 472a). ('Oal tar naphtha 
(Vol. HI, 2116, 2146). Light solvent naphtha, 
boiling range (b.r.) 110-160°, contains toluene 
and the xylenes. Heavy naphtha, b.r. 160-190°, 
contains alkyl X 3 dcnes, coumarone, and indene 
and is used in the manufacture of synthetic 
resin (Vol. Ill, 4136). [For toxicity of solvent 
naphtha, see Taylor, Chem. and Ind. 1939, 17, 
1078.] Petroleum naphtha. Light naphtha, b.r. 
90% below 125°; V.M.P. naphtha or varnish 
makers’ and painters’ naphtha in the United 
States, “ Z44 spirit ” in England, b.r. 100-160°. 
Heavy naphtha, turpentine substitute, b.r. 90% 
beloM^ 200°. 

For solvent properties of naphthas, see T. H. 
Durrans, “Solvents,” 4th ed., London, 1938; 
I. Mellan, “ Industrial Solvents,” New York, 
1939 ; for toxicity, v. supra, and “ Toxicity of 
Industrial Organic Solvents,” Industrial Health 
Research Board, Report No. 80, 1937, H.M. 
Stationery Office. 

J. N. G. 

NAPHTHACENE, 



Naphthacene, 2:3-benzanthracene, tetracene, 

is contained in the highest boiling fractions of 
coal tar (Coulson, J.C.S. 1934, 1406) and is 
identical with the yellow impurity in com- 
mercial anthracene which had been named 
chrysogen and crackene Vol. I, 386a; III, 
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11 9c). Naphthacene forms bright orange plates 
or filaments, m.p. 357° (Dufraisse and Horclois, 
Bull. Soc. chim. 1936, [v], 8, 1873). When 
heated above 300° it sublimes, forming a greenish- 
yellow vapour. It is insoluble in benzene but 
dissolves in sulphuric acid, forming a moss-green 
solution. Oxidation with fuming nitric acid 
gives naphthacenequinone (v. infra). The 
colourless photo-oxide, CjgHjgOg, is formed on 
exposing a solution in carbon disulphide to 
oxygen and light. A similar behaviour is shown 
by anthracene and by arylnaphthaconcs, 
coloured hydrocarbons classified as rubenea. 
The photo-oxide of 5;6:ll:12-tetraphenyl- 
naphthacene, rubrene^ emits light and evolves 
oxygen when heated, regenerating the parent 
hydrocarbon (Kon, Chem. Soc. Annual Rep. 
1932, 29 , 176; Cook, ibid. 1942, 39 , 188; 
Bergmann and McLean, Chemical Reviews, 
1941, 28 , 388). C3ar has prepared the linear 
benzologues of naphthacene : ptmtacene, deep 
blue (Ber. 1930, 63 [ B], 2967), hexacene, deep 
green {ibid. 1939, 72 [B], 1817; 1942, 75 [Bl, 
1286), heptaccne, almost black, green in thin 
layers {ibid., p. 1330). 

J. N. G. 

NAPHTHACENEQUINONE, 2:3-benz- 
anthraqn i no m, 2 : 3 -ph thaloyl naphthalene , 



Yellow rieedles, m.p. 294° from nitrobenzene, is 
only slightly soluble in the usual organic solvents 
but dissolves in sulphuric acid giving a reddish- 
violet solution. It is prepared by oxidation with 
litharge at 330° of tetramcthylenc-2:3-anthra- 
quinone obtained by condensing phthalie 
anhydride with tetralin. Reduction by passage 
over zinc dust gives naphthacene (?;. supra. 
For alternative methods, see Fieser, J. Amer. 
Chem. Soc. 1931, 53, 2329; Waldmann and 
Mathiowetz, Ber. 1931, 64 [B], 1713). The 
preparation of derivatives was described in a 
series of papers by Weizmann et al., J.C.S. 
1903-1909. Clar has discussed the absorption 
spectra and reactivities of naphthacenequinone 
and its derivatives (Ber. 1936, 69 [BJ, 607 ; 
1940, 73 [B], 81, 696). A yellow vat-dyestuff, 
l-benzamido-2:3-benzanthraguinone, was prepared 
by Waldmann and Polak (A. 1938, II, 104). 

J. N, G. 

NAPHTHALENE. 

Introduction . — This article is divided into three 
main parts : 

(I) Naphthalene and its derivatives {v. 
infra). 

(II) AUcylnaphthalenes and their derivatives 
tives (p. 389a). 

(Ill) Hydrogenated naphthalenes and their 
derivatives (p. 4096). 

A synopsis of each branch of the subject is 
given at the beginning of the appropriate part. 

The following abbreviations are employed for 
the names of firms to which frequent reference 
is made in the text of this article ; 


Aktiengcfl. . 

B.D.C. . . 

Badlsche 

Bayer . 

Bindsch. 

Broniier 

Caflsella 

Dahl . . 

Du Pont 
Ocigy . . 

GesellHch. . 

(rricHheiin . 

lleyden 

Hochst . 

T.C.I. . . 

l.G. . . . 

KaUe . . 

Landahoff . 

Lconhardt . 

Saiidoz . 
Scholl kopf . 
Verein . 
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Aktiengeaellachaft ftir Anlltnfabrlka- 
tion in Berlin. 

Britiah Dyeatulfa Corporation, Ltd. 

Badlsche Anilin- und 8oda-Fabrik in 
Ludwigshafen a. Ilh. 

Farbenfabriken vorm. F, Bayer & 
Co. in Elberfeld. 

Basler chemischer Fabrik, vorm. 
Baaler chem. Fabrik Bindachedlor 
in Basel, 

Farbfabrik vorm. Brbnnor in Frank- 
furt a. M. 

Anilinfarbcnfabrik von L. ('aasella 
A Co. in Frankfurt a. M. 

Dahl & Co. in Barmen. 

E, 1. Du Pont de Nemours & Co. 

Anilinfarben- und Extrakt-Fabriken 
vorm. J. Ft. Gcigy in Basel. 

GcHclLschaft filr chemischo Industrie 
in Basel. 

(licmisohe Fabrik Gricsheim-Elek- 
tron in Frankfurt a. M. 

(Uiomische Fabrik von Heyden, 
Akticuigesellsehaft in Radebeul bel 
Dresden, 

Farbwerke vorm. Meister, J^ucius 
und liriining in Hochst a. M. 

Imperial C'hemical Industries, Ltd. 

Interessen Gemeinschaft der Farben- 
industrie Akt. Ges. 

Kalle & Co, Aktiengesellscliaft in 
Biebrich a. Kh. 

Chemische Fabrik Orunau, Lands- 
holf und Meyer. 

Farbwerk Miilheim vorm. A. Leon- 
hardt & Co. in Miilheim bei 
Frankfurt. 

Chemische Fabrik vorm. Sandoz in 
Basel. 

Schollkopf Aniline and Chemical Co., 
Butfalo (U.8.A.). 

Verein chemischer Fabriken in 
Mannheim. 


PART I. NAPHTHALENE AND 
ITS DERIVATIVES. 


Synopsis of the Subject. 

Naphthalene (p. 204a); llistoricaUp. 2046) ; Formation 
and Sources (p. 2046) ; Isolation and Purifleation 
(p. 20.'5a) ; Properties (p. 2056) ; Tests (p. 205ei!) ; 
Analysis (j). 200a) ; Production (p. 2006) ; Uhcb 
( p. 200c) ; lleactious (ji. 2076) ; Molecular Com- 
])()uiul8(p. 2086) ; Chemical Constitution (p. 2086) ; 
Suhstitution (p. 208d) ; Siilphonation (p. 270rf) ; 
Coupling with Diazo-compounds (p. 2726) ; Bi- 
sulphite Beaction (p. 272c) ; Diazotisation of 
Naphthylainincs (p. 2746). 

Chloronaphthalenes (]). 275a): Naphthalene Chlorides 
(p. 277c) ; Chloronaphthaleneaulphonic Acids 
(p. 277d). 

Bromo- and lodo-naphthaienes (p. 270a). 

Naphthalenesulphonic Acids (p. 280a) ; Mono- (p. 2806), 
Di- (p. 283a), Tri- (p. 285d), and Tetra-sulphonic 
Acids (p. 2876). 

Nitronaphthalenes (p. ‘iSSa) ; Nitronaphthalenesul- 
phonic Acids (p. 289rf); Chloronitronaphthalenes 
(p. 296fl). 

Naphthylamines (p. 208c); a-Naphthylamine (p. 2986) ; 
a-Naphthylaminesulphonic Acids (p. 300c) ; 
Naphthasbltam Derivatives (p. 3116); Chloro-a- 
naphthvlamines (p. 3126); Nitro-a-naphthylamincs 
(p. 312<i) ; fi-Naphthylamine (p. 31 4a) ; jS-Naphthyl- 
amlnesulphonic Acids (p. 317a) ; Halogeno-p- 
naphthylaminc8(p. 323a); Nitro-jg-naphthylamincs 
(p. 323c). 

Dlamlnonaphthalenes (p. 324d) ; Diaminonaphthaleue- 
sulphonic Acids (p. 327d). 

Trlamlnonaphthalenes (p. 331a). 

Naphthols (p. 331a) ; a-NaphthoI (jp. 3316) ; a-Naphthol- 
snlphonic Acids (p. 332c) ; Halogeno-a-naphthols 
(p. 388a) ; Nitro-a-naphthols (p. 338c) ; j9-Naphthol 
(p. 340d) ; j3-Naphtholsulphonic Acids (p. 8426) ; 
Halogeno-j8-naphthol9 (p. 348a); Nitro-jS-naph- 
thols (p. 349a). , , , , v , 

Amlnonaphthols (p. 849rf) : Aminonaphtholsulphonic 
Acids (p. 852c) ; Nitroamlnonaphtholsulphonic 
Acids (p. 3616) ; Diaminonaphthols (p. 8626), 
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Dihydroxynaphthalenes (p. 8C36) ; Dihydroxynaphtha 
lenesulphonic Acids (p. 366&) ; Arnlnodihydroxy- 
naphthalencB (p. 3706) Diandnodihydroxynaph- 
thalenes (p. 37Jo). 

Trihydroxynaphthalenes (p. 371 «). 
Tetrahydroxynaphchalenes (p. 371rf). 

Mercaptans and Sulphides (p. 3726). 

Aldehydes (p. 873c). 

Carboxylic Acids (p. 874c) ; Naphthoic Acids (p. 374c) ; 
Aminonaphthoic Acids (p. 374c) ; Hydroxy- 
naphthoic Acids (p. 375c) ; Hihydroxynaphtliolc 
Acids (p. 378c) ; Dicarboxylic Acids (p. 378c) ; 
Hydroxydicarboxylic Acids (p. 379c) ; Dihydroxy- 
dicarboxylic Acids (p. 379(i^; PolycarboxyJic Acids 
(p. 3800). 

Quinones (p. 380c); Hydroxynaphthaqiiinones (p. 382d) ; 
Naphthaqiiiiioncsulphonlc Acids (p. 384d) ; Naph- 
thaquinoneoxinies (p, 385a). 

Aryinaphthalenes (p. 38rd). 

Dinaphthyi Compounds (p. 3876). 

Inirodvction. 

Naphthalene, Cj^Hg, is one of the moat im- 
portant hydrocarbons of the aromatic series. 
It is present in crude coal gas and is formed 
abundantly in the distillation of coal tar, this 
being the main commercial source of supply 
although some may be obtained from petroleum 
cracking. It had little l(‘c'hnical importance 
until the discovery, dating from about 1876, of 
the value of its derivatives, naj^hthylamines, 
naphthols, and their sulphonif; acids, as inter- 
mediates for the manufacture of dyes. Since 
then intense effort has been devoted to the study 
of naphthalene and its derivatives, many of 
which have become of great technical import- 
ance. In the field of naphthalene chemistry 
academic and technical progress have been and 
still are so interdependent that, for tecjhnio^l 
purposes, any account of the subject needs to be 
as complete as possible on both sides. Never- 
theless the amount of research which has been 
done is so extensive that much has had to be 
omitted from this account or dismissed with the 
briefest reference. 

Historical, — The production of naphthalene in 
the manufacture of coal gas seems to have been 
noticed first by Clegg (c/. Brandc, Q\iart. Journ. 
Sci. 1820, 8, 287) ; its discovery in coal tar, 
however, was made in 1819 simultaneously by 
Garden (Annals. Phil. 1820, 15, 74) and Brande 
{l.c.)f the latter regarding it as a hydrocarbon 
\cf, Thomson, Sch^weig. J. 47, 337). It was 
further examined by Kidd, who named it 
“ naphthaline ” (Phil. Trans. 1821, 209), by 
Ure {ibid. 1822, 473), and by Chamberlain 
(Annals. Phil. 1823, [ii], 6, 135). Its com- 
position was first determined by Faraday during 
his investigation of its isomeric inonosulphonic 
acids (Phil. Trans. 1826, 169) and later by 
Laurent (Annalen, 1832, 8, 11). 

Formation and Sources . — Naphthalene is a 
usual constituent of the products obtained by 
heating organic substances at comparatively 
high temperature. Thus, methane or acetylene 
(Berthelot, Bull. Soc. chim. 1867, [ii], 7, 306), 
alcohol or acetic acid (Berthelot, Ann. Chim. 
Phys. 1851, [iii], 83, 296) or toluene, xylene, 
and cumene or a mixture of benzene or styrene 
with ethylene (Berthelot, Compt. rend. 1866, 
63 , 790, 834 ; Bull. Soc. chim. 1866, [ii], 6 , 268 ; 
1867, [ii], 7, 218, 278, 286) passed through a red- 
hot tube filled with pumice give some naphtha- 
lene. Further work on the same lines has been 
done by Ferko (Ber. 1887, 20, 660), Graebe 


{ibid, 1874, 7 , 49), Lorenz {ibid. 1874, 7 , 1097), 
and Camelley (J.C.S. 1880, 87 , 705). 

Similarly passing the residues of Baku 
petroleum through a red-hot tube gave some 
naphthalene (Rudnew, Dinglers polytcch. J. 
1881, 239, 72; and earlier workers). In a 
similar way naphthalene has been obtained from 
the oils of brown coal tar (Liebermann and Burg, 
Ber. 1878, 11, 723) and pinewood tar (Atterborg, 
ibid. 1878, 11, 1222). According to Cos 9 iug 
(Petroleum, 1935, 31, 5) naphthalene is present 
in crude Rumanian oil. 

Naphthalene is present in oil-gas tar (Arm- 
strong and Miller, J.C.S. 1886, 49 , 80), but its 
main source is in the tar produced by the high- 
temperature carbonisation of coal in the manu- 
facture of gas and coke. It is not a normal 
constituent of tar from low -temperature car- 
bonisation, though naphthalene has been found 
in the primary tar from Dalton Main coal 
carbonised at 4.50° (Morgan, Fuel, 1931, 10, 183). 
Morgan (J.S.C.I. 1932, 51, 76t) found that 
carbonisation of a coal at 625° gave tar con- 
taining only a trace of naphthalene whereas the 
same c*oal carbonised at 1,350° in a horizontal 
retort gav(‘ a tar containing 7-1% naphthalene 
in the dr 3 ^ tar. The same coal carbonised at 

I, 260° in a vertical retort gave a tar containing 
only 3-3% of naphthalene. Comparing hori- 
zontal and vertical retorts, Holmquist (Gas- u. 
Wasserfach, 1932, 75. 700) found that while 
with horizontal retorts the naphthalene was 
30 g. per 100 cu.m, of gas, with vertical retorts 
it was only 13 g. 

From a study of the equilibria of aromatic 
h^^drocarbons from the cracking of petroleum 
it has been concluded that naphtlialono makes its 
appearance at tlie point where the toluene- 
xylene content passes its maximum (Rittmann 
and Twomey, Ind. Eng. Chem. 1916, 8, 20), the 
temperature at which it first appeared l^ing 
750° with a gas oil obtained in refining crude 
Pennsylvanian petroleum (Egloff and Twomey, 

J. Physical Chem. 1916, 20, 145). Kosaka and 
Oshima (B. 1927, 691) have concluded that the 
naphthalene of high-temperature coal tars is 
largely produced by the decomposition and 
recombination of phenolic compounds. The 
thermal decomposition of a coal tar obtained by 
distilling coal in vacuo at 450° has been studied 
by Jones (J.S.C.I. 1917, 36, 6), who found that 
the higher olefins are at a maximum at 500° but 
at 760° these have practically disappeared, their 
disappearance coinciding with the appearance 
of naphthalene. 

In addition to appearing in coal tar naphtha- 
lene naturally contaminates coal gas and, unless 
the amount is effectively reduced, it leads to 
blockage of pipes in cold weather. The coal gas 
must therefore be washed with a solvent. 
Schuster (Gas- u. Wasserfach. 1932, 75, 693) states 
that tetralin is an excellent solvent for this 
purpose and has been used in one plant for 
several years. Verein Stahlwerke (B.P. 366712) 
claim the use of a mist of water to separate 
naphthalene from gas while N. V. Silica en 
Ovenbouw Mij. (B.P. 337723) introduce a 
solvent into the gas stream which then passes 
through an electrical precipitator when the sol- 
vent containing the naphthalene is precipitated. 
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Synthetic methods of preparing naphthalene 
have been described by Aronheim (iW. 1873, 
6, 67) Wreden and Znatowicz {ibid. 1876, 9, 
1606), and Baeyer and Perkin {ibid. 1884, 17, 
448). According to Bradley and Jacobs (B.P. 
26061, 1898) naphthalene is formed by heating 
barium carbide with barium hydroxide at 800- 
1 , 000 ^ 

Isolation and Purification . — Naphthalene oc- 
curs in the “light oil” (b.p. 110-210°) and 
“creosote oil” (b.p. 210-240°) but most 

abundantly in the intermediate fraction, “ car- 
bolic oil ” (b.p. 240-270°) of the tar distiller. 
Naphthalene crystallises out on cooling the 
“ carbolic oil ” and is separated by draining and 
the crystals further purified by hydraulic press- 
ing at 50-60°, the resulting product in the form 
of round cakes usually of a grey colour being 
known as “ hot pressed naphthalene.” The 
hot pressed naphthalene before being used for 
any chemical purpose is usually purified by 
treatment with sulphuric acid, removal of acid 
by water and caustic soda and finally fractional 
distillation. A good account of this treatment 
is given by Skopnik (Chem.-Ztg. 1927, 51, 211)1 
and O. T. Morgan and J. I). Pratt, “ British 
Chemical Industry,” London, Edward Arnold 
and Co., 1938, p. 217). The tar-oil fraction is 
redistilled and the naphthalene allowed to 
crystallise slowly, the crystals are woU drained 
and then hot pressed at 50-60° at a pressure of 
300 atm. The crude naphthalene (m.p. 79- 
79-1°) is melted and washed hot, iirst with 
1% by weight of sulphuric acid (p 1*70) to 
remove moisture and secondly with 3% by 
weight of sulphuric acid {p L84) to polymerise 
impurities. After washing with water and finally 
with caustic soda the naphthalene is fractionally 
distilled under vacuum. The first runnings are 
returned for further treatment and the main 
fraction collected having m.p. 79*9°. This 
product should give no coloration on melting 
with an equal volume of concentrated sulphuric 
acid or on standing for 2 hours over concen- 
trated nitric acid. According to Ozerski (B. 
1936, 970) the losses on purification are usually 
3*6% by hot pressing, 5-8% by washing, and 
4*8% by rectification. 

There are numerous patents dealing with 
minor variations on the above scheme of purifi- 
cation. Many other methods have also been 
proposed, e.g.y by treatment with air or oxygen 
(Ges. fiir Teerververtung m.b.H., G.P. 277110; 
Rutgerswerke A.-G., B.P. 606742), treatment 
with ferric chloride (Oberschlesiche Kokswerke, 
and Chem. Fabr. A.-G., F.P. 583270), with 
aluminium chloride (Ges. fur Teoverwertung, 
G.P.a. 47397), and by crystallisation from hydro- 
naphthalenes (Kutschenreuter, G.P. 317634). 

A more highly purified naphthalene is required 
for the hydrogenation of naphthalene or for 
production of nitronaphthalene for catalytic 
reduction to a-naphthylamine since it is neces- 
sary to remove catalyst poisons, particularly 
sulphur compounds (v. Tetralin, this VoL, 
p. 413c). 

Properties. — ^Naphthalene purified by ciystal- 
Usation from ether has m.p. 80*21-80*23° (Be 
Beule, Bull. Soc. chim. Belg. 1931, 40 , 196). 
Finc^ and Wilhelm have determined the b.p. at 


760 mm. as 217*95° and have determined the 
formula for the effect of pressure over the range 
700-800 mm. (J. Amer. Chem. Soc. 1925, 47, 
1577). The heat of evaporation of naphthalene 
is 18,280 g.-cal. per mol. (Andrews, J. Physical 
Chem. 1926, 80, 1497). The heat of com- 
bustion is variously given as 9,613*7 g.-cal. 
(Schlapfer and Fioroni, Helv. Chim. Acta, 1923, 
6, 713) ; 9,614*2 g.-cal. (Keffier and Guthrie, 
J. Physical Chem. 1927, 31, 58) ; 9,603 g.-cal. 
(Keffler, J. Chim. phys. 1931, 28, 457). The 
molal latent heat of fusion is calculated from 
solubility determinations as 4,440 g.-cal. (Punier 
and Rosen blum, J. Physical Chem. 1928, 32, 
1049). Kolossovsky (Bull. Soc. chim. Belg. 
1925, 34, 221) determined the difference between 
the real and apparent molecular heat of naphtha- 
lene in a number of solvents. The critical 
teraj3erature of naphthalene is 476*5° (Shuravlev, 
J. Phys. Chem. Russ. 1937, 9, 875). 

The solubility of naphthalene in methyl, ethyl, 
propyl, and butyl alcohols between 20° and 70° 
has b(5en determined, the solubility increasing 
in this order (Sunicr, J. Physic^al Chem. 1930, 34, 
2582). The solubility in benzene (100 parts) is 
30*02 at 0° and 85*5 at 31° ; in toluene 23*5 at 
0° and 77*1 at 33°; in xylene 18*92 at 0°, 67*05 
at 33°, and 90*06 at 41° (Schlapfer and Flachs, 
ilclv. Chim. Acta, 1927, 10, 381 ; cf. Rhodes 
and Eisenhaiier, Ind. Eng. Chem. 1927, 19, 414). 
The coefficient of solubility of naphthalene 
vapour in tetralin has been determined by Mauras 
(Bull. Soc. chim. 1937, [v], 4, 49). Weissenberger 
(Z. angew. Chem. 1927, 40, 776) gives the solu- 
bility data for naphthalene in tetralin, hexalin, 
methylhexalin, and decahn at various tempera- 
tures up to 50°. In tetrahn the solubility in g. 
per 100 g. solvent is 50 g. at 30°, 37 g. at 20°, 
27 g. at 10°, and 19 g. at 0°. Colloidal solutions 
of naphthalene can be formed in aqueous sucrose 
(Weimarn, KoUoid-Z. 1930, 51, 100). Naphtha- 
lene volatilises at temperatures considerably 
below its boiling-point. It is readliy volatile 
in steam and Naumami (Ber. 1877, 10, 2016; 
1878, 11, 33) has determined the relevant data 
at 759*5, 757, and 733 mm. pressure. At 
759*5 mm. the temperature of the liquid is 
97*8°, of the vapour 99*2°, and the ratio of 
distilled naphthalene to water is 100:520. 
Andrews (J. Physical Chem. 1926, 30, 1497) has 
determined the vapour pressure of naphthalene 
at low temperatures. Barker (Z. physikal. 
Chem. 1910, 71, 236) gives the vapour pressure 
of naphthalene as 0*064 mm. at 20°, 7*4 mm. at 
80°, and 18*5 mm. at 100°. 

Tests . — ^Naphthalene is usually purchased 
either as crude “ hot pressed ” material or as the 
purified product. The quality of the “ hot 
pressed ” material is typified by the following 
specification : c.p. not below 77*5°, residue on 
ignition not above 0*2%, residue on volatilisation 
at 250° not above 0*3%, and moisture not above 
1%. Pure naphthalene of a quality normally 
used in manufacture is tj^pified by the following 
specification . c.p. not below 79*6°, moisture not 
more than 0*2%, and the coloration with hot 
sulphuric acid not more than a faint pink. A 
detailed description of the analysis of naphtha- 
lene is given in Lunge and Keane’s “ Technical 
Methods of Chemical Analysis,” Vol. IV (2nd ©d.). 
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The coloration of naphthalene with hot concen- 
trated sulphuric acid may be defined against 
colour standard solutions made from cobaltous 
nitrate and sodium suljihido. Another colour test 
is that the material exposed to the vapour of 
concentrated nitric acid should not show dis- 
coloration during 2 hours. 

Analysis . — The determination of naphthalene 
in coal gas or the various tar-oil fractions is 
usually made by methods dependent on the 
formation of the sparingly soluble picrate. As a 
quabtative test this will detect as little as 1 mg. 
of naphthalene. There is a considerable litera- 
ture on the estimation of naphthalene in coal 
gas and an account of several picrate methods is 
given in Lunge and Keane’s “ Technical Methods 
of Chemical Analysis.” I’he picrate method of 
Colman and Smith (J.S.C.I. 1900, 19, 128) was 
modified by Jorissen and Hutton {ibid. 1909, 28, 
1179). Modifications of the method are given 
by Seebaum and Oppelt (Gas- u. Wasserfach, 
1934, 77, 280), Knublaueh (Gas J. 1917, 137, 61 ; 
J.S.C.I. 1917, 36, 702), and Walters [ibid. 1926, 
45, 205t). U.G.T. Contracting Co. (U.S.P. 
1443330; 1678591) propose a method in which 
coal gas is passed through a standard solution of 
picric acid and the usage of picric acid deter- 
mined by the increase in electrical resistance of 
the solution. 

For the determination of naphthalene in tar- 
oil, Mezger (Gas- u. Wasserfach, 1921, 64, 413 
and 722) passes purified coal gas through the oil 
in presence of dilute phosphoric acid at 65-70^^ 
and absorbs the volatilised naphthalene in picric 
acid solution. Alternatively, the tar-oil may be 
shaken with picric acid solution and the excess 
of picric acid determined in the filtrate (Shdanov 
and Zelvjanskaja, B. 1940, 510). Kirby (J.S.C.I. 
1940, 69, 168) describes the procedure for 
determining naphthalene in all grades of cTcosote 
salts and tar-oils. 

Calcott, English, and Downing (Ind. Eng. 
Chem. 1924, 16, 27) determine the naphthalene 
content of crude naphthalene by volatilisation 
from caustic soda, sulphonation of the volatilised 
product and oxidation with vanadic acid, the 
excess of the latter being titrated with per- 
manganate. 

The moisture in naphthalene may be deter- 
mined by the Dean and Stark method of distil- 
lation with xylene, or by the change in the 
critical solution temperature of a standanl 
toluene-water mixture after addition of the 
moist naphthalene (Calcott, English, and 
Downing, l.c.). 

Productio7i . — During the decade preceding the 
outbreak of war in 1939 there had been a rapidly 
growing demand for naphthalene, and a corre- 
sponding increase in production. This increased 
demand was mainly due to the rapidly expanding 
use of phthalic acid and its anhydride for the 
manufacture of synthetic resins and of phthalic 
esters for use as plasticisers, the phthalic acid 
being exclusively manufactured from naphtha- 
lene. Great Britain in 1929 produced about 
18,480 tons, and in 1936 the amount had in- 
creased to 31,260 tons. Exports in the latter 
year were about 11,760 tons, of which about 
6,000 tons went to the U.S.A. Figures for pro- 
duction and use of naphthalene in the U.S.A, 


are given in the United States Tariff Commission 
Report No. 131, 2nd Series, 1938, on “ Synthetic 
Resins and their Raw Materials.” Production 
in 1937 is given as 115,979,000 lb. of crude and 
52,194,000 lb. of refined naphthalene, the selling 
price being 0 06 dollars per lb. The U.S.A. im- 
ported a further 52,664,277 lb. of crude. 

The world prodiution of naphthalene in 1936 
was estimated at 200,000-210,000 metric tons 
{see (3iem. Ind. 1938, 61, 27). Germany then 
was still the world’s largest producer, although 
her share of the total prodintion had fallen 
from 40% in 1929 to 25% in 1936. Great 
Britain and the ITnited States were ea(!h re- 
sponsible for 18-20% of the total. F'or further 
details of the production, imports, and exports 
of naphthalene by different countries, the refer- 
ences given should be consulted. 

Uses . — The most important outlets for 
naphthalene are in the dyestuffs industry and 
the manufacture of j)hthalic anhydride for 
synthetic resins. It is also used in the manu- 
facture (if l!!m 2 )hlack, as an addition to enrich 
illuminating gas and motor fu(*l, and as an 
inseeticido and soil fumigant. Chlorinated 
naphthalenes find use as synthetic waxes, 
valuable on account of their dielectric propert ies. 
Althougli t he study of naphthalene chemistry is 
usually associated with the dyestntfs industry, 
during more recent times the products of that 
study have been finding applications in other 
directions, for instance, in medicinal substances 
and to an important extent in rubber preserva- 
tives, Some of these uses are as follows : 

In the rubber mdusiry phcnyl-a-naphthylamino 
and phenyl-/3-naphihylamine have considerable 
use as “ anti-agors ” (Goodyear, B.P. 281616). 
p-Hydroxy- and p-ethoxy-phcnyl-j3-naphthyl- 
amine has also been luoposed as a rubber 
“ anti-ager ” (Du Pont, B.P. 428146 ; Wingfoot 
Corj)oration, II. 8. P. 2020291). The condensa- 
tion products of acetaldehyde with a-naphthyl- 
amine (Clayton Aniline Co., B.P. 316761) or with 
a mixture of a- and jS-naphthylamines (B.D.C., 
B.P. 280661) have found a considerable use for 
the same purpose. The condensation product 
of aldol and a-naphthylamine has also been 
proposed as an “ anti-ager ” (Goodrich, U.S.P. 
1855788; LG., B.P. 333941). Thio-|3-naphthol 
is used as a plasticiser in the milling of un- 
vulcanised rubber (Du Pont, B.P. 490292 ; 
LC.l., B.P. 498302). 

A somewhat closely aUied problem is the 
stabilisation of fuel oil. Both phenyl-j8-naph- 
thylamine anil a-naphthol have been proposed 
for this purpose (Gulf Oil Corp., U.S.P. 2048770 ; 
Gasoline Antioxidant Co., U.S.P. 2053466) as 
well as l:6-dihydroxynaphthalene (Du Pont, 
U.S.P. 2053421). Naphthalene may also bo 
used in the petroleum industry for de-waxing 
(Katz, Przemysl Chem. 1934, 18 , 408). For 
retarding oxidation of vegetable or animal oils 
both phenyl-)3-naphthylamine and a-naphthol 
have been proposed (Du Pont, U.S.P. 2041836 ; 
Gill Corp., U.S.P. 2036471). Olcott (J. Amer, 
Chem. Soc. 1934, 86 , 2492) studied the pre- 
vention of autoxidation of lard by hydroxy- 
naphthalenes. 

Tri-jS-naphthyl phosphate has been proposed 
as an addition to high-pressure lubricants (N, V. 
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de Bataafsche Pet. Maat., B.P. 424380) and tri- 
jS-naphthyl phosphite similarly to prevent cor- 
rosion of bearings (Socony Vac. Oil Co., U.S.P. 
2068342). 

An important use for alkylnaphthalencsul- 
phonic acids is as wcMing and emulsifying a<fenia 
(see under alkylnaphthalenes, pp. 40 Id, 402c). 
The condensation product of iiaphthalencsul- 
phonic acid and formaldehyde also finds appli- 
cation as a leather tanning agemt (Badisehe, G.P. 
292631). The formaldehyde condensation pro- 
ducts of naphthol- and naphthylamine-sulphonic 
acids have also been proposed as tanning agents 
(Dciitsch. Koloniale Gerb- u. Farbstolf-Gcs., 
G.P. 293041; 293040). 

As inserJicide, crude naphthalene is a time- 
honoured soil dressing for control of wireworras. 
It is also used in control of millipedes (Orchard, 
Ann. Report of Expt. Res. Sta., Clicshimt, 1933, 
19, 70) and in greenhouse fumigation (Speyer, 
ibid. 1935, 21, 08). a-Naphthylarnine and a- 
naphthol have been used for (;ontrol of codling 
moth larvie (Steiner and Marshall, J. Eeon. 
Entomol. 1931, 24, 1146). Polychlorinated 

naphthakme (“ Ualowax," “ Seehiy Wax ”) has 
also been used as an ovicide against blow-fly 
(Breakey and Miller, ibid. 1935, 28, 358) and 
patented as a protection for wool and textile 
fabrics against insect attack (Graesser-lMonsanto, 
B.P. 233993). 

A recent important development in horti- 
culture is the use as plant growth stimulant of a- 
naphthylaeetie acid which vies with indolyl- 
acetic acid in potency (Zimmermaim and W’il- 
(joxon, Contr. Boyce Thompson Inst. 1936, 7, 
209). 

In the field of mcAicinal products a-naphthyl- 
amine-4:0:8-trisulphonic acid is used for the 
preparation of the urea of wi-aminobenzoyl-rw- 
aminomethylbenzoyl - 1 - naphthylamine-4 :6 :8 - 
trisulphonate known as Bayer-205 and “ Antry- 
pol,'"' an effective trypanoeide (Poulenc Freres, 
B.P. 224849 ; cf. Fourncau et al.^ Compt. 
rend. 1924, 178, 676). ^-Naphthylaminctri- 
sulphonates have been used to precipitate the 
active principles of diphtheria toxin and anti- 
toxin (Goldie, Compt. rend. 8oc. Biol. 1935, 119, 
402; 1937, 124, 650, 1215). jS-Naphthyl 
benzoate and salicylate are used medicinally 
(Schwyzer, Pharm. Ztg. 1931, 76, 186). A study 
of local anaesthetics in the naphthalene series 
was made by Blicke, Parke, and Joimer (J. 
Amer. Ohem. Soc. 1940, 62, 3316), of sympatho- 
mimetics by Rajagopalan (J. Indian Chem. Soc. 
1940, 17, 667). fa-]Naphthaquinone derivatives 
have antihsemorrhagic (Vitamin- ii^) activity {v. 
alkylnaphthalenes, p. 399a and Vol. VII, 87a). 

Reactions of Naphthalene. 

Reduction . — Being an imsaturated aromatic 
hydrocarbon, naphthalene under the action of 
reducing agents can be hydrogenated, forming 
di-, tetra-, hexa-, octa-, and deca-hydrides. The 
reduction of naphthalene will be fully discussed 
under a separate heading devoted to hydro- 
genated naphthalenes. The tetra- and deca- 
hydrides, known respectively as tetralin and 
decalin, e-re of considerable technical importance. 

Oxidation . — Oxidation of naphthalene, and of 
its derivatives, may give two types of product. 


according to whether the naphthalene skeleton 
remains intact or whether fission of one ring 
occurs. The most usual product of the first type 
obtained by direct oxidation is [a-]naphtha- 
quinone ; of the second type, phthalic acid or 
its anhydride. Hydroxyl derivatives (the naph- 
thols) arc not obtained by oxidation of naphtha- 
lene. When [a]-naphthaquinone is produced it 
is accompanied by phthalic acid and other 
products, as in oxidation by chromic acid in 
acetic acid solution (Groves, J.C.S. 1873, 26, 
209; F. Beilstein and A- Kurbatow, Annalen, 
1880, 202, 215); by oxidation with ceric sul- 
phate in sulphuric acid solution (Hochst, G.P. 
158609) ; and by electrolytic oxidation in 
presence of cerous salts (Hochst, B.P. 19178, 
1902). In the last-mentioned process, 20% 
sulphuric acid containing cerous sulphate forms 
the electrolyte, the temperature being kept at 
40-60° ; eventually all the naphthaquinone can 
be oxidised, the product being phthalic acid. 
The anodic oxidation of naphthalene has also 
been studied by E. G. White and A. Lowy, who 
constructed an anode consisting of a mixture of 
60% of na-phthalene and 40% of carbon pressed 
on platinum gauze, and obtained at 25° a 25% 
yield of [a-]naphthaquinono with some phthalic 
acid (Trans. Elo('trochom. Soc. 1932, 62, 107). 

When heated with neutral aqueous perman- 
ganate or mangaiiate solution, naphthalene 
can be oxidised to an intermediate product, 
phthalonicacid, 0 -CgH 4 (CO 2 H)CO*CO 2 H. J. 
Tscherniac obtained 10 parts of phthalonic acid, 
J'4 parts of phthalic acid, and 3*5 parts of un- 
changed naphthalene from 12 parts of naphtha- 
lene (G.P. 79693 ; 86914 ; see also Prochazka, 
Ber. 1897, 30, 3109; Graebe and Triimpy, ibid. 
1898, 31, 369; Daly, J. Physical Chem. 1907, 
11, 93). Other powerful oxidatits such as nitric 
acid (p 1*15) at 130' , and chromic-sulphuric acid, 
give phthalic acid. 

The di.scovcry in 1896 by the Badisehe Go. 
that naphthalene could be oxidised in high yield 
to phthalic acid by heating with 15 parts of 
sulphuric acid (monohydrate) and 0*5 parts of 
raercurie sulphate at 200-300° (G.P. 91202 ; 
B.P. 18221, 1896) was of great technical im- 
portance as it provided a cheap process for the 
manufacture of phthalic anhydride ; this process 
has since been superseded by one based on the 
vapour-phase oxidation of naphthalene to 
phthalic anhydride by air in presence of vana- 
dium pentoxide at 360-500°, discovered at 
about the same time by the Solden Co. and Gibbs 
(B.P. 119518) and by A. Wohl (B.P. 145071). 
Large numbers of patents have since been taken 
out covering the control and improvement of 
this process {v Phthalic Anhydeidb). Vanadyl 
chloride can be used in the stream of naphtha- 
lene and air, in place of the solid vanadium 
pentoxide catalyst (B.D.C., A. G. Green, and 
Porter, B.P. 164786). S. J. Green, who isolated 
some [a-]naphthaquinone from the oxidation 
product using the latter catalyst, considered it 
to be probably an intermediate product (J.S.C.I. 
1932, 61, 159t) and showed that tetralin gave a 
similar yield of phthalic anhydride. Recently 
A. Pongratz and co-workers have studied the 
oxidation of substituted naphthalene derivatives 
by air over a vanadium pentoxide catalyst; 
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whilst a-chloronaphthalene gives mainly 
phthalic anhydride and very little 3-chloro- 
phthalic anhydride, the ratio being 97;3, jS- 
chloronaphthalene gives phthalic and 4-chloro- 
phthalic anhydride in nearly equal amounts 
(53:47). 1'he results, however, may be compli- 
cated through the occurrence of dehalogenation, 
for it is found that 1 :5-dichloronaphthalene 
yields a product containing 80% of 3-chloro- 
phthalic and 20% of phthalic anhydride 
(Angew. Chem. 1941, 54 , 22). 

That tt-nitronaphthalene by vapour phase 
catalytic oxidation gives a high yield of phthal- 
imide was discovered and patented by 
A. G. Green, and vS. J. Green (B.P. 183044). 
Exj)erimontal work on the subject was published 
by 8. J. Green (J.S.C.l. 1932, 51, 147t), and 
Pongratz {lx.) found that the solid product 
contained 80% of phthalimide and 10% of 
phthalic anhydride. B}^ oxidising a-naphthyl- 
amine and a-cyanonaphthalene the same author 
obtained much phthalimide, whilst ^-naphthyl- 
amine gave more anhydride than imide. 

According to G. Walter, chlorosulphonic acid 
at 180° converts naphthalene into tetrachloro- 
phthalic anhydride (Monatsh. 1934, 64 , 287). 
J. Boeseken and G. 81ooff have observed the slow 
conversion of naphthalene into 2-carboxya//o- 
cinnamic acid by j)cracetic acid in acetic acid 
(Rec. trav. chim. 1930, 49 , 100), 

The formation of j8j3-dinaphthyl by passing 
naphthalene through a red-hot iron tube has 
been observed (Ferko, Ber. 1887, 20 , 602). 

Halogenation, Nitration, Sulphonation (see 
pp. 275a, 288a, 270d, 280a). 

Molecular Compounds. — Naphthalene, like 
many aromatic hydrocarbons including alkyl- 
naphthalenes, forms crystalline additive com- 
pounds with many polynitro-compounds, e.g., 
with trinitro-derivatives of benzene (Hepp, 
Annalen, 1882, 215 , 380), toluene (Hepp, l.c.), 
aniline (Liebermann and Palm, Ber. 1875, 8, 
377), phenol (Henriques, Annalen, 1882, 215 , 
332) and cresol (Noelting, Ber. 1882, 15 , 1862; 
1884,17,271). l:\iQpicrate, 

C,„H„CeHs,(NO,) 30 H, 

golden yellow needles, m.p. 149-151-5° (various 
authors), is solulde without decomposition in 
alcohol, other, and benzene ; the styphnate, m.p. 
163*5°, has been studied by Jefremow (J. Russ. 
Phys. Chem. Soc. 1919, 51 , 353 ; Chem. Zentr. 
1923, III, 770). The solubility of naphthalene 
picrate in benzene and tetralin has been studied 
by L, Piatti (Z. angew, Chem. 1931, 44 , 519). 
There is evidence that dinitro- compounds such 
as m-dinitrobenzene (E. L. Skau, J. Amer. Chem. 
Soc. 1930, 52, 945) and l-bromo-2:4-dinitro- 
benzeno (Buehler, Hisey, and Wood, ibid. 1930, 
52, 1939) also form compounds with naphthalene. 

Chemical Constitution. 

The molecular formula of naphthalene is 
pJoHj- The accepted structure, first proposed 
by Erlenmeyer (Annalen, 1865, 187 , 346, 
footnote), and made probable on the basis of 
experimental evidence by Graebe {ibid. 1869, 
140 , 22) consists of two six-membered rings of 
carbon atoms having two adjacent atoms in 
oommon, a hydrogen atom being combined 


with each of the other eight carbon atoms, as 
in (I). 



The abbreviated formulae (II) and (111) are com- 
monly used. The carbon atoms are numbered 
as shown in III. Positions 1, 4, 5, and 8 are 
known as a-positions, and 2, 3, 6, and 7 as )3- 
positions. Positions 1 and 8 (or 4 and 5) are 
together referred to as peri-positions. 

Whilst the Graebe-Erlenmeyer formula is 
completely satisfactory in its representation of 
the manner in which, in the naphthalene mole- 
cule, carbon is combined with carbon and carbon 
with hydrogen, the same degree of certainty has 
not been achieved regarding the disposition of 
the fourth valency of each carbon atom. The 
questions most discussed have been whether the 
naphthalene molecule is symmetrical with 
respect to the arrangement of the double bonds ; 
whether either or both rings is better repre- 
sented by a “ centric ” formula ; and whether 
the double bonds, if present, occupy fixed 
positions. These ciuestions have generally been 
considered in the light of the chemical behaviour 
of naphthalene and its derivatives, and will bo 
referred to in the discussion on substitution in 
the naphthalene nucleus. Altcrnati ve structures 
which have been proposed for naphthalene to 
account for some of its properties are shown in 
(IV), (V), and (VI). 






Harries. 


Willstfitter and 
Waser. 



Bamberger. 


! Substitution in Naphthalene and Its 
Derivatives. 

The symmetrical formula (I) shows two and 
only two kinds of hydrogen atoms, attached to 
a- and j8-carbon atoms respectively. Conse- 
quently, replacement of one hydrogen atom by 
any substituent should give rise to two different 
compounds with the substituent in the a- and 
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the jS-position respectively. In agreement with 
this prediction, two and only two mono- 
substituted naphthalenes containing the same 
substituent are known. It can also be pre- 
dicted that, when the substituents are alike, 
there can be 10 di-, 14 tri-, and 22-tetra-8ub- 
stituted derivatives; with two different sub- 
stituents there can be 14 isomers ; with three 
substituents, two being alike, 42, and with three 
different substituents, 84. In a few instances, all 
the different isomers have been prepared. 
Notably, Armstrong and Wynne (Proc. C.S. 
1890, 6, 77 ; 1895, 11, 84) completed the prepara- j 
tion of all the di- and tri-chloronaphthalenes, ! 
and established their orientation. (For a sum- 
mary of their work, see H. E. Armstrong 
Obituary Notice, E. H. Rodd, J.C.S. 1940, 
1422). Since, by a series of chemical reactions, 
many groups can be replaced by chlorine, the 
chloronaphthalenes can be used as reference 
eompounds to fix the orientation of other 
naphthalene derivatives. 

The course of substitution in naphthalene and 
its derivatives can be summarised as follows : 

Substitution takes place far more readily in 
the a- than in the jS-position. Thus when 
naphthalene is halogenated or nitrated, the first 
product is predominantly the a*nitro- or a- 
halogeno- compound. Although long suspected, 
only recently has it been established that a- 
nitronaphthalono is accompanied by a small 
proportion of the /9- compound, and that a- 
chloronaphthalenc, as normally prepared, con- 
tains 5-10% of the /S-isomer (E. C. Britton and 
W. R. Reed, U.S.P. 1917822). Sulphonation of 
naphthalene at moderate temperatures gives 
mainly the a-sulphonic acid, which changes into 
)S-sulphonic acid when heated at higher tempera- 
tures. This subject is discussed more fully under 
“ Sulphonation of Naphthalene ” (p. 27()d), but 
it appears to be definitely established that in 
the initial reaction some ^-sulphonic acid is 
always formed. Similarly, in the Friedel- 
Crafts reaction, acylation, e.^., acetylation and 
benzoylation, of naphthalene gives a mixture of 
a- and j8-compounds ; indeed, acetylation in 
nitrobenzene even at a low temperature gives 
predominantly j8-naphthyl methyl ketone. 

The formation of disubstituted and trisub- 
stituted derivatives is much more complicated 
for naphthalene than for benzene. In the case 
of benzene the position taken up by a second 
•entering substituent depends almost entirely 
on the nature of the substituent already present. 
In the case of naphthalene, it is not only 
•governed by this factor, but in addition it 
depends on the position, a or occupied by the 
group already present, and to a very important 
■extent on the identity of the entering group and 
on the conditions prevailing at the time of the 
attack. Other factors, such as the greater 
flusoeptibility of naphthalene to substitution in 
the a- than in the )3-position come into play. 
It is, therefore, not possible to formulate definite 
Tules, but the following generalisations can be 
made : 

1. Groups such as CHj, Cl, OH, NHAc, 
which in benzene are p- and o- directing, 
when fsresent in naphthalene in the a- 
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or 1 -position direct entering groups into 
the 4- and 2-po8ition8. 

2. The same groups in the or 2-position in 

naphthalene direct entering groups into 
the J -position or into the unsubstituted 
nucleus. The 3-positiou is only rarely 
attacked. 

3. When a group wliich, in benzene, would 

cause substitution in the m-position 
(NOg, SO3H, etc.) is present in either 
an a- or j3-position in naphthalene, a 
second group will enter the unsub- 
stitutod nucleus. 

It must be understood that these generalisations 
are by no means binding. For instance, acyl 
derivatives of 1-naphthylamine when nitrated 
give, besides 4-nitro-, also 5- and 8-nitro- 
derivatives. Again, diazonium eompounds at- 
tack jS-naphthol and jS-naplithylamine only in 
the 1 -position, hetero-nuclear compounds never 
being formed, a fact of great importance in dye- 
stuff chemistry. Nitration and sulphonation 
may follow different courses. For instance, 
fm’thcr nitration of 1-nitro naphthalene gives 
both 1:5- and l:8-dinitronaphthalcno, and 
nitration of naphthalene- a-sulphonic acid giv'^es 
both 5- and 8-nitro-derivativcs. But further sul- 
phonation of naphthalone-a-sulphonic acid gives 
mainly the 1:5- and no l:8-di8ulphonic acid. 
I’hia is an example of the operation of the “ law ” 
first enunciated by Armstrong and Wynne that 
in the sulphonation of naphthalene tlorivatives, 
products are not obtained in which two sul- 
plionic groups are present in contiguous a/8- or 
/3/3-po8ition8, or 1:4- or 1:8- positions. Yet even 
tins “ law ” has its exceptions, for when the 
sulphonating agent was 40-70% anhydrosul- 
phuric acid it was found by O. Drossel and R. 
Kothe (Ber. 1894, 27, 1193) that by sulphonating 
2-naphthol-7-8ulphonic acid, 2-naphthoi-l:3:6:7- 
tetrasulphonic acid is obtained, and by sul- 
phonating 2-naphthylamme-3:7-disulphonicacid, 
2-naphthylamine- 1:3:0: 7-tetrasulphoni(J acid is 
formed, in each of which two sulphonic groups 
are contiguous. 

The most striking difference between naphtha- 
lene and benzene derivatives is afforded by the 
fact that whereas in phenol and aniline there is 
no distinction between the two ori/m-positions, 
in 2-naphthol and 2-naphthylamine only the 
1 -position shows tho properties of an ortho- 
position, tho 3-po8ition being singularly inert. 
I’hus /3-naphthol and /3-naphthylamine couple 
with diazo-compounds only in the I -position; 
when it is bromina-ted, /3-naphthol is substituted 
first in position 1, followed by position 6, then 
4 and 3 (Franzen and Staiible, J, pr. Chem. 1921, 
[ii], 103 , 352 ; Fries and Schimmelschmidt, 
Annaleii, 1930, 484 , 245) ; nitrosoation of /S- 
naphthol occurs only in position 1. So strong is 
the tendency of /3-naphthol to couple in position 
b that if a sulphonic or chlorine group is present 
in that position it will be displaced by the 
arylazo-group. Such facts as these have led 
; many chemists to the conclusion that in naphtha- 
lene compounds there is a fixed double bond 
between positions 1 and 2, and a single bond 
between positions 2 and 3. Tliis conclusion has 
been strongly stipported by, amongst many 
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others, von Weinberg (Ber. 1921, 54 [B], 2168), 
K. Fries (Annalen, 1927, 454, 121; 1935, 516, 
249), and Fieser and Loihrop (J. Amer. Chem. 
Soc. 1935, 57, 1459). Fries considers that 
“ naphthoid ” compounds are distinguished by 
the non-equivalence of or^ito-positions and the 
presence of a double bond between the two 
carbon atoms common to both rings. This 
double bond fixes the Erlenraeyer structure, and 
is therefore responsible for the fact that naphtha- 
lene is relatively more unsaturated than benzene, 
and is reducible by sodium and alcohol, for 
example. It must be assumed that, at higher 
temperatures, the fixity of the double bond is 
released, allowing the possibility of attack in the 
3-position, with formation, for example, of 2:3- 
hydroxjmaphthoic acid from the 2:1 -compound, 
and of jS-naphthol-3:()-disulphonic acid in the 
sulphonation of jS-naphthol. 1-Nitro-^-naph- 
thylamine is mercurated by mercuric acetate 
in the 3-position (Hodgson and Elliott, J.C.S. 
1939, 345). 

The fact that all attempts to obtain 2:3- 
naphthaquinone by oxidising 2:3-dihydroxy- 
naphthalene, have failed, is also taken as 
evidence in favour of the Erlenmeyer formula, 
since, if the latter had a double bond in the 2:3- 
position, oxidation to a quinone might be 
expected. Another piece of evidence differenti- 
ating the 2:1- from the 2:3-position8 is the fact 
that the bromine in l-bromo-2-naphthylamine 
is readily removed by boiling with aqueous 
stannous chloride whilst that in 3-bromo-2- 
naphthylamino is unatfected ; l:3-dibromo-2- 
naphthylamine loses only the bromine in position 
1 (R. B. Sandin and T. H. Evans, ibid, 1939, 61, 
2916). 

Experimental support for the symmetrical 
character of the naphthalene ring system has 
been provided by Fieser and Lothrop (i.c.) who 
prepared derivatives of 2:7-dihydroxynaphtha- 
lene containing alkyl groups, R, in both 1 and 8 
positions. Such compounds failed to couple 
with diazo-compounds, positions 3 and 6 being 
equally inactive. Similar inactivity was shown 
by 2:6-dihydroxy- 1 :5-dialkylnaphthalenes. 



The alternative formula} (IV), (V), and (VI) 
have received little support in recent literature. 
F. Mayer and A. Bansa (Ber. 1921, 54 [B], 16) 
tried to account for the fact that l-nitro-2- 
naphthylamine is a stronger base than 2-nitro-l- 
naphthylamine by giving them respectively the 
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structures (VII) and (VIII). It has also been 
suggested that the yellow colour of 2:3-hydroxy- 
naphthoic acid and its ester and anilide are due 
to a double bond between the 2- and 3-positions, 


giving the Harries structure (Lesser, Kranepuhl, 
and Gad, ibid. 1925, 58 [B], 2109), and W. Baker 
and G. N. Carruthers assumed a similar depar- 
ture from the Erlenmeyer structure in 3-acetyl- 
2-naphthoi, which is also yellow in colour (J.C.S. 
1937, 479). J. ObermiUer has drawn attention 
to the special relation apparently existing 
between the 2- and 6-positions in naphthalene 
(J. pr. Chem. 1930, [ii], 126, 257). V. N. 
Ufimzev has suggested that in monosubstituted 
naphthalenes the unsymmetrical (Harries) struc- 
ture is assumed, the unsubstituted ring becoming 
benzenoid, and substitution taking place in this 
ring accordingly. The argument, however, is 
not satisfactory (Ber. 1930, 69 [B], 2188 ; 
J. Gen. Chem. Russ. 1935, 5, 653). 

During recent years the problem of the struc- 
ture of naphthalene has attracted the efforts of 
physicists and mathematicians. J. M. Robert- 
son, from A-ray crystallographic data, con- 
cludes that the molecule has the form of two 
fused plane hexagons, the C — C distances being 
]-41 a. (Proc. Roy. Soc. 1933, A, 142, 674). 
Several workers have applied wave-mechanical 
principles and the theory of resonance to the 
study of the subject. The true structure of 
naphthalene may be something between the 
Erlenmeyer and Harries representations, and 
the balance of opinion seems to be that the 
former contributes more to the structure than 
the latter; in other words, the l:2-po8ition has 
more double- bond character than the 2:3- 
position (J. Sherman, J. Chem. Physics, 1934, 
2, 488 ; L. Pauling et al., J. Amer. Chem. Soc. 
1935, 57, 2708; S. Rangaswami and T. R. 
Seshadri, Proc. Indian Acad. Sci. 1941, 14A, 
547). Physical properties which have been 
studied recently in relation to the structure of 
naphthalene and its derivatives are absorption 
spectra (F. KroUpfeiffer, Annalen, 1923, 430, 
181 ; Henri and do Laszlo, Corapt. rend. 1924, 
178, 1004; Proc. Roy. Soc. 1924, A, 105, 662; 
de Laszlo, Z. physikal. Chem. 1925, 118, 369; 
Proc. Roy. Soc. 1926, A, 111, 355; K. Lauer, 
Ber. 1936, 69 [B], 986) ; Raman spectrum (K. W. 
F. Kohlrausch, ibid. 1935, 68 [B], 893 ; G. B. 
Bonino, Gazzetta, 1936, 66, 827) ; molecular 
refraction (K. von Auwers and A. Fiuhling, 
Annalen, 1920, 422, 192; K. Fries and H. 
Bestian, Ber. 1936, 69 [B], 715); and dipole 
moments (Parts, Z. physikal. Chem. 1930, B, 10, 
264 ; Williams and Fogelberg, J. Amer. Chem. 
Soc. 1931, 53, 2096 ; Nakata, Ber. 1931, 64 [B], 
2059). The influence of constitution on the 
fluorescence of salts of naphthalene-, naphthyl- 
amine- and naphthol-sulphonic acids has been 
studied by Allen, FrankUn, and McDonald (J. 
Franklin Inst. 1933, 215, 705). 

Sulphonation. — The process of sulphonation 
is used to obtain many important dyestuff inter- 
mediates, being applied to naphthalene itself 
and to its derivatives, particularly jS-naphthol 
and the naphthylamines. The process is in no 
case simple, and much study has been given to 
the subject both in industrial and academic 
laboratories. The process is frequently compli- 
cated by the occurrence of so-called isomerisa- 
tion, that is, the conversion of an initially 
formed sulphonic acid into a different one as the 
reaction proceeds, and as this phenomenon has 
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been little studied except in the naphthalene 
series it merits special description. 

Isomeric Change of N aphthalenesulphonic 
Acids. — When naphthalene is sulphonated at a 
low temperature the a-sulphonic acid is formed, 
but at higher temperatures, or when the a- 
sulphonic acid is heated with sulphuric acid, the 
jS-sulphonic acid is formed. This apparent 
isomerisation of a-sulphonic into jS-sidphonic 
derivatives at elevated temperatui*es is of 
frequent occairrence in naphthalene chemistry. 
Several investigators, in particular P. C. J. 
Euwes (Rec. trav. chim. 1909; 28, 298), J. S. 
Voffe (Anilinokras. Prom. 1983, 3, 296 ; A. 1934, 
178), and R. Lantz (Bull. Soc. chim, 1935, [v], 2, 
2092) have studied the phenomenon in the case 
of naphthalene itself, and as a result of their 
work it is fairly certain that the change of a- 
into j3-acid is not duo to a true intramolecular 
isomeric c'hange, but comes about through 
hydrolysis of the a-sulphonic and re-sulphona- 
tion to a more stable jS-sulphonic acid, as sug- 
gested first by Noelfing (Ber. 1875, 8 , 1095). 
Nevertheless, the work of YofFe and Lantz, and 
also that of Fierz and Weissenbach (Helv. 
Chim. Acta, 1920, 3, 312) shows that even at 0° 
pure a-sulphonic acid is not formed but is 
always accompanied by some ^-sulphonie ; at 
0° using monohydrate Fierz and Weissenbach 
found 2% of ^-acid in the product. 

Euwes studied the reaction between naphtha- 
lene and monohydratc * in molecular proportion 
at temperatures between 80'^ and 173° during 
8 hours in each case. Between 80° and 161° the 
amount of unchanged naphthalene diminished 
from 27 0% to 6'0% and the proportion of a-acid 
in the product fell from 96*4% to 18-4%, (The 
ratio of a- to j3-acid was determined from the 
solubility of the lead salts.) He found that at 
the high temperatures of 158° and 173° he could 
arrive at a mixture of the same composition 
either by heating naphthaleiic-j3-sulphonic acid 
with sulphuric acid or by starting with naphtha- 
lene, thereby proving the reversibility of both 
a- and jS-sulphonations. At 129°, however, 
starting with naphthalene or with a-sulphonic 
‘ acid, after 8 hours the resulting sulphonic acids 
contained 44% of a-acid, whereas starting with 
pure )3- sulphonic acid the product contained 
only 17*7% of a-acid ; that is to say, a state of 
equilibrium was not reached. This anomaly 
was explained by Yoffc, who found that at 
lower temperatures, e.g., 100°, 8 hours is wholly 
insufficient time to establish equilibrium. 
Using the same conditions as Euwes he found : 

After 8 hours at 100° 81-0% of a-sulphouic acid. 

„ 300 „ „ 41-1% 

M 300 „ „ 29-3% 

Lantz, in designing his experiments, realised 
that, when using naphthalene and mono- 
hydrate in molecular proportion, the strength of 
tjhe acid rapidly falls as sulphonation proceeds 
due to formation of water and disappearance of 
acid. He therefore studied the rate of sul- 

• In this article “sulphuric acid,” when not other- 
wise distinguished, is ordinary concentrated (ca. 98%) 
sulphuric acid of p 1*846 ; “ monohydrat® ” is 100% 
sulphuric acid ; ” anhydro-add ” is fuming sulphuric 
acid or “oleum ” containing dissolved sulphur trfoxide, 
the proportion of which is given when known. 


phonation of naphthalene using a large excess 
of acid (2 c.c. of acid to 0*1 g. of naphthalene) 
at different temperatures and acid concentra- 
tions. The following figures are from his paper : 


Temperature. 

Strength 
H 2 SO 4 %. 

'J’ime. 

]’er cent, 
sulphonated. 

180° 

70*3 

2\- hours 

99*4 

180° 

57*7 

3 „ 

2*5 

180° 

57*7 

39 „ 

10*4 

180° 

51*4 


No sul- 




phonation 

60° 

94-4 

1 

4 

96*9 

60° 

88*3 

1 

39-0 


The effect of acid concentration on speed of sul- 
I>honation is very marked. Similarly, the rate 
of dcsulphonation increase's with the strength 
of acid. At 140° it was found, using acids of 
45*1 and 51-4% strength, that the a-acid was 
desulphonated approximately 50 times as fast 
as the j8-acid. An important experiment was 
made, in which sodium nai)hthalene-a-sul- 
phonate was heated at 140° with (a) 64*2% sul- 
phuric acid, Le., above sulphonating strength 
and {h) 45*9% acid, below sulphonating strength. 
In (a) after 4 hours the sulphonic acid contained 
only 18*5% of a-isomer, rapid conversion to the 
j3-form having occurred ; in (6) no conversion 
took place. Thus conversion accompanies 
hydrolysis and appears to be dependent thereon. 
Anothtu important finding resulted from an 
experiment in which sulphonation was carried 
out with acids of strengths 81*7, 85*1, and 94*4% 
for as short a time as possible at 20° and 60° to 
give a reasonable amount of sulphonic acid for 
analysis. It was found that the proportions of 
a- and jS-isomcr were independent both of 
temperature and atsid strength, the mean com- 
position of the initially formed sulphonic a(;id 
being 89-90% of a and 10-11% of j3. The 
proportion of )3-aeid increases, with time, more 
rapidly the stronger the acid. 

The experimental results are therefore in 
agreement with the conclusions arrived at by 
both Lantz and Yoffe, that the course of sul- 
phonation is determined by (a) the ratio of the 
velocities of formation of a- and jS-acids ; 
(6) the ratio of the velocities of their hydrolytic 
dcsulphonation. It follows from the law of 
mass action that at equilibrium the concentra- 
tions, and C^, of the two acids are given by 
the equation : 

Velocity cooff. of formation of a 
Cp Velocity coeff. of formation of p 

^ Velocity coeff. of hydrolysis of a 
' Velocity coeff. of hydrolysis of P 

The ratios of the velocity coefficients are not 
known accurately; Lantz gives provisionally 
10:1 for formation and 50:1 for hydrolysis, giving 
CJCp—i or 20% of a-acid at equilibrium. It is 
probable, however, that this figure is too high ; 
O. N. Witt, in his description of the process on 
which the technical manufacture of the P- 
sulphonic acid is based, gives a ratio of P:a 
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=«85:16, after only 20 minutes heating at 160® 
(Ber. 1915, 48 , 743). 

Sulphonic groups can migrate from one a- 
position to another more stable a-position, as 
was shown by A. G. Green and K. H. Vakil in 
their study of the mono-sulphonation of 
naphthylamine. The two chief products of 
sulphonation with concentrated sulphuric acid 
at temperatures up to 120® are the 8- and 5- 
sulphonic acids, about 44% of the former and 
55% of the latter. The S-sulphonic acid when 
heated with concentrated sulphuric acid is 
gradually changed into a mixture of the 5- and 
8-8ulphonic acids, the authors attributing the 
change to hydrolysis followed by resulphona- 
tion. They could not, however, bring about the 
reverse change of the 5- into the 8-sul phonic acid. 
At temperatures above 120® the (i- and 7-sul- 
phonic acids make their appearance in increasing 
amount (J.C.S. 1918, 113, 35). 

Erdmann, at an earlier date (Annalen, 1893. 
275 , 192), had explained the phenomena observed 
in the sulphonation of a-naphihylamine in a 
similar way. When a-naphthylamine is heated 
at 130® with 95-96% sulphuric acid, the 4- 
sulphonic aedd is formed in major amount, with 
some 5- and a trace of O-sulphonic acid. As 
heating is prolonged, however, free naphthyl- 
amine appears in increasing amount, with some 
4;7-disulphonic acid, wlulst the 4-sulphonlc acid 
is gradually replaced, first by the 5- and then 
by the 6-8ulphonic acid. Here, apparently, 
speed of formation and of hydrolysis are in the 
order 4->5->6-8ulphonic acid, with the result 
that, given sufficient time, the last predominates 
in the product. 

Further information on the phenomena of sul- 
phonation will be given when the sulphonation 
products of naphthalene and its important 
derivatives are described. 

Coupling with Diazo-compounds.— One of 
the most important applications of naphthalene 
derivatives is their use as components of azo- 
dyestuffs. For this purpose they can function 
in two ways, either as diazo-components, in 
which case the molecule must contain a di- 
azotisable amino-group, or as coupling com- 
ponents, when either an amino- or a hydroxyl 
group must be present to facilitate and direct 
combination with a diazo-compound whereby 
formation of an azo- compound is eftected. As 
coupling components there are the naphthols 
and naphthylamines, their mono- and dd- and 
tri-sulphonic acids, and a number of amino- 
naphthois and sulphonic acids derived from 
these. 

The sulphonic acids of naphthalene deriva- 
tives employed in dyestuff manufacture have 
acquired trivial names which are frequently 
used in place of their chemical names. The 
most important of these are as follows ; 


Chemical Name. 


Trivial Name. 


1 -Naphthylamme-4-0ulphonic 
acid. 

1 -Naphthylamine-5-8ulphonlc 
acid. 

l-Naphthylamiiie-6-8ulphoiilc 

acid. 

1 -Naphthylaralne - 7- sulphonic 
acid. 

1 -N^hthylaxnine-8-sulphonic 


Naphthionlc Acid. 
Laurent Acid. 
Cleve Acid 1:6. 
Cleve Acid 1:7. 
Peri-Acid. 


2-Naphthylamme-l -sulphonic 
acid. 

2-Naphthylamine-6-sulphoiiic 

acid. 

2-Naphtliylainiiie-7-Bulphouic 
acid . 

2-Naphthylamiue-8-sulphoiiic 

acid. 

1 -Naphth y laminc- 3 : 8 - di sui - 
jdionic acid. 

2-Naplithylainiiic-3:C-di8ul- 
idumic acid. 

2-NHphthylaniiiie-6:S-diHUl- 
1)1 ionic acid. 

1- Naphtliol-4-8uIphonic acid. 

1 -Naphtliol-G-Hulphonic acid. 

2- Naphthol-l -sulphonic acid. 

2-JVai)lithol-0-8ulphoni(; acid. 

2-NaplithoJ-7-8uli)lioiiic acid, 

2-Naphthol-H-riulph()nic acid. 

1- Naphthol-3:G-di8ulpl)onic acid . 

2- Nap}ithol-3:6-di8ulphonic acid. 

2-Nap^lthol-t):^<-diKU]phonic acid. 

1 -A n)in<>-5-riaphthol-7-.8u]])lionic 

Acid. 

1- Aniino-8-naphthoi 4 sulphonic; 
acid, 

2- Auiino-,')-tiaphUiol-7-.8uIphouic 
acid. 

2-Aiiuno-8-naplithol-0-suIj)lionic 

acid. 

l-Aiuiiio S-iiaphtliol-2;4-di8ul- 
l)hoiiic acid. 

1 -Aruino-8-naplithol-3:C-disul- 
phonic acid, 

1- Ainino-8-iiaplitlK)l-4:C-disiij- 
phonic acid, 

2- Amiuo-s.naphthol-3:r)-di8ul- 
phonic. acid. 

]:8-J)i].ydroxyruipliMialciic-3:()- 
disulidioiiic acid. 


Tobias Acid. 
Broiiner Acid. 
Amiiio-F-Acid, 
Badische Acid. 


€-Acid. 


Amino-K-Acid. 

Aiiiiiio-G-Acid. 

Nevile and Winther 
Acid. 

<)xy-L-Acid. 

Oxy -Tobias Acid 

(Armstrong Acid). 
Scliaffcr Acid. 
F-Acid. 

(Tocciii Acid, 

Violet Acid. 

Ji-Acid. 

(r-Acid. 

M-Acid. 

S-Acdd. 

J-Acid. 

y-Acid, 

2S-Acid, Chicago 
Acid, 
li -Acid. 

K-Acid. 


2B-Acid. 

(Jhromotrope Acid. 


In the ^-series, the (soupling rule is simple ; 
the entering azo-group can only take up the 1- 
position, adjacent to the 2-hydroxyl or 2-amino- 
groiip. No heteronucloar coupling occurs, and 
the 3-posiUon is never attacked. A substituent 
in the S-position, such as the sulphonic group, 
renders coupling more difficult ; thus crocein 
acid and G-acid couple less readily than 
Schaff(‘r or R-acid. A negative group in the 4- 
position has a similar effect. 

In a-naphthylamino and a-naphthol deriva- 
tives there are two coupling positions, the 2- 
and 4-po8ition8, when these are unsubstituted. 
There is a greater tendency to couple in the 4- 
position than in the 2-po8ition, but this tendency 
is profoundly modified by the presence of other 
substituents, particularly when these are in the 
3- and S-positions ; further, the “ strength ” of 
the diazo-compound and the coupling conditions 
play their part. With a-naphthols and a- 
naphthylamines containing sulpho -groups in 3- 
or 6-positions the tendency is to couple in the 
2-position. It was shown, however, by L. 
Gattermann and M. Liebermann (Annalen, 1912, 
393, 198) that whilst diazotised sulphanilic acid 
couples with l-naphthylamine-6-sulphonic acid 
in the 2-poBition, p-nitrodiazobenzene couples 
in both 2- and 4-poBitions, whilst dinitrodiazo- 
benzene couples only in the 4-po8ition. Accord- 
ing to these authors, diazotised p-nitroaniline 
couples with a-naphthylamine-3-8ulphonic acid 
only in the 2-po8ition but with a-naphthyl- 
amine-5-sulphomc acid in both 2- and- 4-posi- 
tions, whereas with a-naphthol-3-sulphonio acid, 
it couples in the 2- and 4-positions but with a- 
Daphthol-5 -sulphonic acid only in the 4-po8itioii. 

The influence of coupling conditions is illus- 



NAPHTHALENE. 


trated by scone experiments quoted by Fierz- 
David (Angcw. Cliem. 1936, 49, 24) who found 
that the benzenediazoniura salt of 1 -naphthol-6- 
sulphonic acid when treated with mild alkali 
gives only the 2-benzoneazo-dorivative, whilst 
with strong caustic soda it gives a mixture ot 
2- and 4-benzeneazO'Compounds. a-Naphthyl- 
amine itself couples to give some 2-8ubstituted 
derivative, and it is claimed (Bayer, B.P. 
238683, 1924) that by using a-naphtliylsul- 
phamic acid, Cj^HyNHSOgH, coupling with 
diazo-compounds exclusively in the 4*p08ition 
can be obtained. 

it is interesting to note that 1 :5-dihydroxy- 
naphthalene couples generally with only 1 mol. 
of a diazo-compound, the position attacked 
being 2 in strong allcali and 4 in mild alkali. 
With strong coupling components some 2:4- 
bisazo-compound can be obtained (O. Fischer 
and Bauer, J. pr. Chem. 1916, [ii ], 94, 13 ; 1917, 
|ii], 95, 264) but coupling never takes place in 
both rings of the naphthalene molecule. 

As a general rule, coupling directed by an 
amino-grouj) is favoured in acid solution, and 
that directed by a hydroxyl group in alkaline 
solution. Although tills is not an invariable 
rule, it governs the procedure adopted when 
aminonaphthols and their sulphonic acids have 
to be coupled with diazo-compounds. Most of 
the technically important aminonaphtholsul- 
phonic acids including H*acid, S-acid, and J- 
acid, will couple in both rings, the first coupling 
being carried out in acid and the second in 
alkaline solution. However, y-acid 

(NH2:0H:S03H-2:8:6) 

only couples satisfactorily once. 

The benzeneazonaphthols are isomeric with 
the monophenylhydrazoues of the correspond- 
ing naphthaquinones. Much work has been done 
on the relation between the two classes of com- 
pounds, and quite recently R. Kuhn and F. B^r 
have concluded that 4-benzeneazo-a-naphthoI is 
indeed a tautomeric mixture of the two forms 
(I) and (11) in approximately equal amounts 
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(Annalen, 1935, 516, 143). On the other hand, 
they conclude on chemical and spectroscopic 
evidence that l-benzeneazo-2-naphthol and 2- 
benzeneazo-l-naphthol exist almost entirely in 
the quinonehydrazone forms. In this connection 
it is to be noted that benzeneazonaphthyl- 
amines in which the amino-group is adjacent 
to the azo-group are difficult to diazotise ; 
VoL. VIII..^18 


m 

they are probably not true amino-compound 
but imines. 

For further information on the behaviour of 
naphthalene derivatives in the preparation of 
azo-dyes, the reader is referred to the article on 
Dyestuffs, Azo, Vol. IV, 190-239. 

The Bisulphite Reaction. — A reaction 
deserving of special mention in any description 
of naphthalene chemistry is that by which 
naphthols can be converted into naphthylamines 
and rice versa^ by means of bisulphite solutions. 
The reaction is of considerable importance 
technically for the prciparation of j8-naphthyl- 
arnine and its derivatives, because j§-nitro- 
naphthaJene cannot be prepared by nitration of 
naphthalene, and the j3-amine is therefore not 
obtainable from this source. j3-Naphthylamine 
can be obtained by heating j8-naphthol with 
ammonia at 150*^, but the reaction is slow and 
accompanied by by-products, including jSjS- 
dinaphthylamine, and a poor yield is obtained. 
When, however, j8-naphthol is heated with 
excess of ammonia and ammonium sulphite 
solution, the reaction proceeds much more 
cjuickly and gives a high yield of jS-naphthyl- 
amine (Badische, G.P. 117471 ; Buoherer, J. pr. 
(’hem. 1904, jii], 69, 88). Conversely it has 
been shown that naphthylamines can be con- 
verted into naphthols by heating with sodium 
bisulphite solutions at the boiling-point ( Bayer, 
G.P. 109102). The clue to these results was 
supplied by H. T. Buclicrcr, who showed that 
in these reactions a highly soluble intermediate 
compound is formed which is stable towards 
acids but is decomposed by aUtaUs to give the 
naphthol, and by ammonia to give the naphthyl- 
amine, in almost quantitative yield. The inter- 
mediate compound, which he considered to be 
the naphthyl sulphite, CjoHy-O-SOgNa, can bo 
obtained either from the naphthol or naphthyl- 
amino (G.P. 1 15335 ; 126136; B.P. 1387, 1900). 
If, instead of ammonia, a mono-, or di-alkyl- 
amine is used with bisulphite, a corresponding 
mono- or di-alkylnaphthylamine can be obtained 
(G.P. 121683; Bucherer, J. pr. Chem. 1904, [ii], 
70, 345), whilst arylamines convert the jS- 
naphthyl sulphites into /9-naphthylarylaminos 
(G.P. 122570). Both of these reactions are 
applied to the manufacture of derivatives of 
N -substituted naphthylamines. 

When naphthylenediamines are heated with 
bisulphite solution only one amino-group is 
attacked; an interesting case is provided by 
l:8-naphthylenediamine-4-sulphonic acid, which 
gives only 1 : 8-aminonaphthol-5-sulphonic acid. 
The isomeric l:8-arainonaphthol-4-sulphonic 
acid can be obtained by the action of bisulphite 
on the acetone condensation product of the 
diamine-sulphonic acid (B.P. 16921, 1900; 
Bucherer, l.c.). The l;8-aminonaphthol-4-8ul- 
phonic acid by further treatment with bisulphite 
gives 1:8- dihydroxynaphthalene - 4 - sulphonio 
acid, but the l:8-ammonaphthol-5-8ulphonic 
acid does not, since it forms a stilphurous ester 
with the hydroxyl group. The dihydroxy- 
naphthalenes form only mono-sulphurous esters. 

The bisulphite reaction finds many appli- 
cations in the preparation of aminonaphthol- 
sulphonic acids, and the limitations of the 
reaction are therefore important. Some of 
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these have been mentioned in the preceding 
paragraph ; in addition, it does not take place 
with a-derivatives in which a substituent, such 
as a sulphonic group, is present in the 2- or 3- 
position, or with j3- derivatives in which there is 
a substituent in the 4-po8ition. These limita- 
tions can be turned to advantage ; for instance 
2:8-dihydroxynaphthalene-6-8u]phonic acid by 
the bisulphite reaction gives only 2-amino-8- 
naphthol-6-sulphonic acid (y-acid), Hince the 
8 -hydroxy -group cannot be attacked. The 
same product can bo obtained from nigrotic 
aci(U 2:8-dihydroxynaphthalene-()-aulphonic-3- 
carboxylic acid (Buchcrer and Keyde, J. pr. 
Chem. 1907, f ii], 75, 255). Buchorer’s view that 
the intermediate product is a sulphite ester 
throws no light on the limitations of the reaction. 
An alternative is to regard it as a bisulphite 
additive compound of the ketonised form of the 
naphthol, as in (I), a formulation which accords 



I. 


better with the mobility of the hydroxyl group 
and has some analytical support (Voroshcov, 
J. Buss. Phys. Chem. Soc. 1915, 47, 1669; 
Konig and Haller, J. pr. Chem. 1921, [ii], 101, 
43 ; Friedlander, Bor. 1921, 64, [B] 620). 

The discovery of the reaction between 
naphthylamines and bisulphite was apparently 
first made by T..f(ipetit and recorded in a pli 
cachetd of 1896 (published in Bull. Soc. Ind. 
Mulhouse, 1903, 326 ; see Friedlander, Z.c.), 
but the detailed study of the reaction was 
carried out by Bucherer, by whoso name the 
reaction is known. 

An interesting variant of the Bucherer reaction 
is the treatment of a naphthol with bisulphite 
and phenylhydrazine, when a naphthacarbazole 
is formed. When 2:3-hydroxynaphthoic acid is 
treated in this way the carboxyl group is 
eliminated during the reaction (Bucherer and 
Seyde, J. pr. Chem. 1908, [ii], 77, 403; G.P. 
208960). 

It may be mentioned hero that when a-nitro- 
naphthalene is reduced with bisulphite, not only 
reduction but simultaneous sulphonation occurs 
with formation of naphthionic and, with excess 
of bisulphite, a-naphthylaraino-2:4-di8ulphonic 
acid (Hochst, G.P. 92082). In a similar way 
1 -nitroBo-jS-naphthol gives l-amino-j8-naphthol- 
4-8ulphonic acid {q.v., p. 353c). It is interesting 
also to note that when 1 :8-dinitronaphthalene- 
3:6-di8ulphonic acid is treated with bisulphite 
it is converted into 8-amino-a-naphthol-3:6- 
disulphonic acid, reduction being accompanied 
by replacement of nitro or amino- by hydroxyl 
(Bayer, G.P. 113944) the significance of which 
was noted by Bucherer (J. pr. Chem. 1904, [ii], 
70 , 349). 

Diazotisation of Naphthylamines ; Di- 
azo-oxides. — Amines of the naphthalene series 
and their substituted derivatives can generally 
be diazotised normally with nitrous acid giving 


diazonium compounds, many of which are used 
in the manufacture of azo-dyes (^ee Dyestuffs, 
Azo, Vol. IV, 190-239). When the naphthyl- 
amine also contains a hydroxyl group abnormal- 
ities may arise. Should the hydroxyl group be 
in a position to promote coupling, precautions 
must be taken to prevent self- coupling when the 
amino-group is diazotised. When the hydroxyl- 
group is adjacent to the amino-group, as in 1:2- 
and 2:l-amirionaphthol and their sulphonic 
acids, nitrous acid in presence of free mineral 
acid brings about oxidation to f j8-]naphtha- 
quinone (Witt, Ber. 1888, 21, 3475; Bonigor, 
ibid. 1894, 27, 24), but diazotisation can be 
eflcctcd by the action of sodium nitrite on the 
aminonaphtholsulphonic acid in absence of 
mineral a(;id, and the yield is improved when 
cupric salts are present (Geigy, B.P. 10235, 
1904); other metal salts are also claimed to 
assist the diazotisation, e.g., zinc (Kalle, G.P. 
175593; 195228: B.P. 23034, 1905), nickel 

(Kalle, G.P. 178621), manganese, cobalt, mag- 
nesium, mercuric (Kalle, G. 1^. 195322; 178936) 
and even salts of alkali and alkaline earth metals 
(Badische, B.P. 10323, 1906), but in practice 
copper salts are ])robably best. The diazo- 
compounds so formed readily pass by loss of 
water into stable diazo-oxides (formula of the 
well-known naphthalene- 1 -diazo-2-oxide-4-sul- 
phonic acid, (H)), especially in the ja’csenee of 
mild alkali. 
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When there is present a “ negative ” group 
such as halogen, nitro- or sulphonic, adjacent 
to the amino-group, this group is readily re- 
moved from the diazo-compound with formation 
of a diazo-oxide. Thus Gaess and Aramelburg 
obtained 6-nitronaphthalene-2-diazo-J-oxide by 
diazotising l:6-dinitro-^-naphthylamine (Ber. 
1894, 27, 2211), and Morgan and Evens obtained 
4-nitronaphthalene-2-diazo-l -oxide when 1:4- 
dinitro-j3-naphthylamino was diazotised in 
strong sulphuric acid and the product diluted 
with water (J.C.S. 1919, 115, 1126). Meldola 
and Streatfield similarly obtained 4-bromo- 
naphthalene-2-diazo-l -oxide from l:4-dibromo- 
j5-naphthylamine (ibid. 1895, 67, 909). Examples 
of the replacement of a sulphonic acid group or a 
chloro-group adjacent to the diazo-group are 
recorded in several patents (Badische, B.P. 6615, 
1902 ; 16995 and 27372, 1903 ; 4997 and 21638, 
1904; Meister, B.P. 23993, 1902). Since the 
sulphonic group is eliminated in the form of 
sulphurous acid, it is advantageous to add an 
oxidising agent to convert this into sulphuric 
acid, to avoid subsequent complications when 
the diazo-compound is used for the preparation 
of dyestuffs. The diazo-oxides, when they 
contain sulphonic groups, couple with j3-naphthol 
in alkaline media, but according to Morgan and 
Evens the nitronaphthalene diazo-oxides only 
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couple with very active phenols such as resorcinol 
in a strongly acid medium (lx.). The stability 
of the diazo-oxides is shown by the fact that 
they can be chlorinated (Kalle, B.P. 20072 and 
20073, 1911), brominatod (Sandoz, B.P. 3508, 
1911), nitrated (Geigy, B.P. 15418, 1904), and 
sulphoriatcd (KaUe, G.P. 170618; 176620). 

The nitration of naphtlialono-2-diazo-l-oxide-4- 
sulphonio acid is carried out technically, the 
product being the 6-nitro-derivative. 

CHLOKONAPHTHALENES. 

Naphthalene derivatives containing chlorine 
are of two kinds : (a) additive compounds such 
as naphthalene dichlorido and tetrachloride, 
which are to be regarded as substitution pro- 
ducts of di- and tetra-hydronaphthalene ; 
(b) substitution products in which chlorine 
replaces one ()r more nuclear hydrogen atoms. 
The former typo arc formed by the action of 
chlorine on naphthalene in the cold, and on 
warming or in the presence of catalysts pass into 
the second type with loss of hydrogen chloride. 
The isomeric mono-, di-, and tri- and some of 
the tetra-chloronaphtliaienos arc all known, 
having been obtained by the following and other 
methods : 

(1) By the direct chlorination of naphthalene 

or chloronaphthalene, cither in the Ucpiid 
or gaseous phase, or in .solution (Faust 
ami Saame, Annalen, 1871, 160 , (55; 
E. Fischer, Bcr. 1878, 11 , 735; Wid- 
man, ibl<l. 1882, 15 , 2160; Armstrong 
and Wynne, Proc. C.S. 1890, 6, 85; 
Badischc, G.P. 234912 ; Ferrero and 
Wimenburger, Hclv. Chim. Acta, 1928, 
11 , 416; Ferrero and Fehlmann, ibid. 
1929, 12 , 583 ; Ferrero and Corl)az, 
ibid. 1930, 13 , 1009). 

(2) From aminonaphtlialenes by diazotisation 

and the JSandmeyer reaction (Fried - 
lander and Szymanski, Bcr. 1892, 25 , 
2081 ; Chattawa}^ and Lewis, J.O.S. 
1894, 65 , 877). 

(3) By conversion of nitro-, amino-, and 

hydroxy -naphthalenes into chloi’onaph- 
thalcncsulphonic acids and subsequent 
hydrolysis (Cleve, Bcr. 1892, 25, 2487). 

(4) By heating naphthalenesulphonyl chlorides 

or chloronaphthaleiiosulphonyl chlo- 
rides with phosphorus pentachloride or 
alone (Carius, Annalen, 1860, 114 , 145; 
Armstrong, Ber. 1882, 15 , 205 ; Arm- 
strong and Wynne, Proc. C.S. 1895, 11 , 
80,83; 1897,13,152). 

(5) By distillation of nitronaphthalene or 

nitronaphthalenesulphonyl chlorides 
with phosphorus pentachloride (Do 
Koninck and Marquart, Ber. 1872, 5, 
11 ; Erdmann and Silvern, Annalen, 

. 1893, 275 , 232, 262). 

The direct chlorination of naphthalene has 
been studied by many workers, both in con- 
nection with the preparation of a-chloronaphtha- 
lene and other individual compounds and for 
the production of more highly chlorinated com- 
pounds ; the latter are mixtures, forming wax- 
like substances having valuable technical 
properties. In the first stages of chlorination 


in the liquid phase the main product is a-chloro- 
with a small pi:oportion of jS-chloro-naphthalene, 
and before aU the naphthalene is chlorinated 
dichloron aphtha! enes appear, mainlj^ 1;4- and 
I ;6-, and tricliloro-compounds. As chlorination 
proceeds, the setting point of the product rises 
to a maximum of 125-130° when some 60% of 
clilorinc is present, thereafter falling. 

The chlorination of naphthalene to give a hard 
pale-yellow wax was described by Payman and 
Gibson, I.C.I., who used a temperature of 140- 
160° with ferric chloride as a catalyst. The 
product contained up to 57% of chlorine (B.P. 
291849) and a similar product was obtained by 
cold chlorination in carbon tetrachloride solution 
(B.P. 292056). The I.G. later claimed a similar 
product by chlorinating below 130° using 
antimony trichloride, phosphorus tri- or penta- 
chloridc, sulphur or iodine as catalyst (B.P. 
324774), and a further I.C.l. improvement was 
to chlorinate in two stages, first at 85-110° to a 
monochloronaphthalcne, then at 140-150° (B.P. 
357743). 

Alternative catalysts have been investigated 
by S(‘liveml)erger and (4ordon (J. Gen. Chem. 
Russ. 1934, 4, 529) wht) found that the chlorina- 
tion to octachloronaplithalcnc could bo carried 
to conqdction without catalyst by starting 
without heating, and gradually raising the 
temperature to 200°. F^hlorination time was 
considerably shortemal by the addition of 0*3- 
]•()% of a nud allic' chloride (aluminium, ferric, 
gold, titanium, zirconium, antimony, or tel- 
lurium). Other chlorides were found to be less 
active or completely inactive'. Iron powder, 
with or without iodine (.Sclive'inhergcr and 
Gordon, 1932, 2, 921), alumina (Vorozhtsov 
and Travkin, Russ. P. 51042 ; Amer. Ghern. 
Abstr. 1939, 33. 4604), and light (Consolidierte 
Alkaliwerke, G.P. 605780) have also been used. 
Iodine appears to lavour the formation of mono- 
substituted products, whereas ferric chloride, 
alumina, etc., lead to the formation of poly- 
chloronaphthalenes. Kattscher and Minossenko 
(Ruvss. P. 41513) describe chlorination in the 
absence of catalyst. 

When chlorination is carried out in cast-iron 
apparatus the crude product is a dark discoloured 
wax. Hydrogen chloride can be removed by 
blowing air or an inert gas through the molten 
mass (Rucker Chemical Foundation Inc., U.S.P. 
1455509) and the wax can be purified by distil- 
lation under reduced pressure after neutralising 
with lime, caustic soda, etc. At 100-150 mm. 
pressure, mono- and dichloro-naphthalenes distil 
between 140-180°; higher fractions are col- 
lected at 200-226° and 225-250° (Halo wax 
Corp., B.P. 343878). 

Chlorination in the vapour phase occurs either 
with or without a catalyst at temperatures of 
260-400°, with maximum yield of 60% a- 
chloronaphthaleno at 350°. Approximately 15- 
20% of dichloronaphthalene is formed. At 400° 
the reaction products are destroyed. In the 
presence of 0*6% iodine, the formation of mono- 
substituted products is favoured, whilst ferric 
chloride, porous earthenware, or wood charcoal 
activates the production of both mono- and 
poly-substituted derivatives (Ferrero and Wun- 
enburger, l.c.). 
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A particularly detailed study of the chlorina- 
tion of naphthalene in solvents with the object 
of obtaining the highest yield of a-chloronaph- 
thalene has been made by Ferroro and his 
collaborators, who do not agree with Trauben- 
berg and Wasserraan (J. pr. Chem. 1928, [ii], 
120, 177) that chlorination in cold benzene in 
presence of ferric chloride gives the best yield. 
With Fehlmann (1929) and Corbaz (1930, lx.) 
Ferrero studied chlorination in a large number 
of solvents, including benzene, chlorobenzene, 
o- and ^-dichlorobenzene, decalin, toluene, ethyl 
alcohol, acetic acid, ethyl acetate, tetra- and 
penta-chloroetharie and carbon tetrachloride ; 
they compared the effects of using iodine (i%) 
or ferric chloride (i%) with those obtained with- 
out catalyst. The most favourable results were 
obtained with benzene, chlorobenzene, and 
acetic acid, solvents which are protected from 
chlorine attac'k by the naphthalene ; solvents 
which themselves tend to protect the naphtha- 
lene from attack, such as toluene and carbon 
tetrachloride, lead to formation of polychloro- 
naphtbalenes. Iodine as catalyst favours mono- 
chlorination of naphthalene whilst ferric chloride 
produces more polychlorination. A higher 
temperature favours monochlorination. Using 
benzene or chlorobenzene with iodine as catalyst 
at a temperature near the boiling-point of the 
solvent, a 92% yield of a-chloronaphthalene is 
obtained; the remainder is mainly di- and 
tri-chloronaphthalenes. The process employing 
benzene and chlorobenzene was patented by 
Ferrero and Fehlmann (Swiss. P. 134089, 1928). 

a-Chloronaphthalene (m.p.-25°, b.p.259-3^ 
1*2025) is prepared as indicated above. It can 
be isolated and purified by fractional distillation, 
or by cooling the crude product to —15” when 
pure a-chloronaphthalene separates (Britton, 
Reed, and the Bow Chemical Co., U.S.P 
1917822). By cooling an alcoholic solution of 
the residue to —40°, pure j3-chloronaphthalene is 
obtained. The eutectic of a- and ^-chloronaph- 
thalenes, containing 25% of a-, melts at —18° 
(ibid.). Other methods of preparation are from 
a-naphthylamine through the diazo- compound, 
and by decomposition of naphthalene di- 
chloride (Faust and Saame, Annalen, 1871, 160, 
68 ; Armstrong and Wynne, Proc. C.S. 1890, 
6 , 85). 

a-Chloronaphthalene has found no technical 
use. 

)3-Chioronaphthalene (m.p. 56°, b.p. 264*3°) 
is prepared by heating jS-naphthol with 1*6 mol. 
phosphorus pentachloride (Berger, Compt. rend, 
1905, 141, 1027 ; Cleve and Juhlin-Dannfelt, 
Bull. Soc. chim. 1876, [ii], 25, 268) and by other 
standard methods. It may also be isolated from 
the products of monochlorination of naphthalene 
after separation of a-chloronaphthalene {v. 
supra). 

DiCHLORO NAPHTHALENES . 

The principal dichloronaphthalenes are the 
1:4- and ItS-isomers and they are formed in 
admixture when naphthalene in carbon tetra- 
ddoride solution is chlorinated at —10° to 0° 
with iodine or ferric chloride as catalyst. The 
chlorination mass contains small quantities of 
the 1:2- and l:7-isomers which can be removed 


as sulphonic acids by stirring in the cold with 
sulphuric acid for 20 hours (Badische, G.P. 
234912). 

l:4-Dichloronaphthalene can be made by 
chlorinating 1 - chloronaphthalene - 8 - sulphonic 
acid at 250° to give 1 :4-dichloronaphthalene-8- 
sulphonic acid and removing the sulphonic 
group by hydrolysis (I.G., B.P. 341926). 
Another method is to heat naphthalene with sul- 
phuryl chloride at 140-160° when an almost pure 
product is obtained in 70% yield (Hochst, G.P. 
286489) or naphthalene is heated with thionyl 
chloride (Meyer, Monatsh. 1916, 86, 728). 

l:5-Dichloronaphthalene can be made by 
acid hydrolysis of l:5-dichloronaphthalene-2-sul- 
phonic acid (Cleve, Chem.-Ztg. 1893, 17, 398). 

l:6-Dichloronaphthalene is the main pro- 
duct of chlorination of sodium naphthalene-a- 
sulphonate in hydrochloric acid with potassium 
chlorate (Koslov and Talybov, .1. Oen. Chem. 
Russ. 1939, 9 , 1827 ; Amer. Chem. Abstr. 1940, 
34 , 4067). 

Octachloronapht halene or perchloronaph- 
thalene, CjoClg, m.p. 198°, can bo produced 
by exhaustive chlorination of naphthalene in 
presence of a suitable catalyst (Berthelot and 
Jungfleisch, Bull. Soc. chim. 1868, [ii], 9 , 446) 
or by heating sodium a-naphthylamine-3:6:8- 
trisulphonate with phosphorus pentachloride at 
200-225° (Schvemberger and (lordon, J. Gen. 
Chem. Russ. 1932, 2, 921). It is attacked by 
alcoholic but not by aqueous alkalis, and con- 
verted by nitric acid to hcxachloronaphthalene 
and tetrachlorophthalic acid. Further chlorina- 
tion of octachloronaphthalene gives decachloro- 
hydrindene (Schvemberger and Gordon, lx.). 

Properties of the Chloronaphthalenes. 

Except a-chloronaphthalene, which is a liquid, 
the chlorinated naphthalenes are solid crystal- 
line bodies with melting-points ranging from 36° 
for l:2-dichloronaphthalene to 198° for octa- 
chloronaphthalene. Boiling-points range from 
259*3° for a-chloronaphthalene to 440-442° for 
octachloronaphthalene. The melting-points and 
known boiling-points are given in the Table 
shown on the opposite page. 

In addition. Turner and Wynne (J.C.S. 1941, 
243) give the melting-points of seven more of 
the tetrachloronaphthalcnes in which the 
relative positions of three of the four chlorine 
atoms have been determined, as follows .* 


Constitution. 

M.p. 

1:2:5:?- . . . 

164° 

1:2:5:?- . . . 

110°, 114° 

1:2:7:?- . . . 

144° 

1:2:8:?. . . . 

135° 

1:4:7:?- . . . 

109° 

1:4:8:?. . . . 

144° 

3:6:7:?. . . . 

. 218° 


The chlorinated naphthalenes are of a high 
degree of chemical stability. Concentrated sul- 
phuric acid at elevated temperatures converts 
them to chloronaphthalenestdphonic acids, and 
oxidation by nitric acid gives the corresponding 
chloro-substituted phthafic acids. The course of 
oxidation by chromic acid in acetic acid depends 
on the position of the chlorine atoms ; l:&4i- 
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chloronaphthalene gives 3>chloroplithalic acid, 
whereas 2:6-dichloronaphthalene gives 2:6-di- 
chlorO'[a-]naphthaquinone. 


Compound. 

Constitution. 

M.p. 

B.p. 

Monochloro- 

a- 

-2*5® 

269-3° 

naphthalene. 

p- 

56 

264-3° 

Dlcliloro- 

1:2- 

35° 

281° 

naphthalene. 

1:3- 

61° 

291° 


1:4- 

67-5° 

284° 


1;.5- 

106-5° 



1:6- 

51° 



1:7- 

64° 

286° 


1:8- 

82° 



2:3- 

119-5° 



2:6- 

13.5°, 140° 

285° 


2:7- 

114° 


Trichloro- 

1:2:3- 

81° 


naphthalene. 

1:2:4- 

92° 



1:2:6- 

78-6° 



1:2:6- 

92-5° 



1:2:7- 

84°, 88° 



1 :2:8- 

8.‘i-5" 



1:3:6- 

103° 



1:3:6- 

80-5° 



1:,3:7- 

113° 



1 :3:8- 

00 

o 



1:4:5- 

131° 



1:4:6- 

56°, 66° 



2:3:6- 

109° 



2:3:6- 

91° 


Tetracliloro- 

1:2:3:4- 

198° 


naphthalene. 

l:2:3:5- 

141° 



]:2:3:7- 

115° 



1:2:4:6- 

111° 



l:3:.6:7- 

179° 



1:8:6:7- 

119°, 120° 



t 1:3:6:8- 

131° 



2:3:5:8- 

134°, 139° 


Pentachloro- 

1:2:3:4:5- 

168° 


naphthalene. 

1:2:3:5:7- 

171° 


Heptachloro- 

1:2:3:4:5:6:8- 

194° 


naphthalene. 




Octachloro- 


198° 

440-442° 

naphthalene. 





The chloronaphthalenes are insoluble in water 
but soluble in the majority of organic solvents. 
The solid wax formed by the chlorination of 
molten naphthalene to a 50% clilorine content, 
has the following solubilities at 1 7°. 


G. of wax per 
Solvent. 100 g. solvent. 

Benzene 170 

Trichloroethylene . , . .125 

Ether 110 

Toluene 108 

Monochlorobenzene ... 94 

Carbon tetrachloride ... 83 

Turpentine 64 , 

Petroleum 25 

Ethyl alcohol 6 


In general, the chloronapthalene waxes can be 
maintained at temperatures as high as 260® for 
prolonged periods with no appreciable decom- 
position. The common metals in contact with 
the molten wax at 120-130® are not corroded 
and do not affect the stability of the wax. 

The chloronaphthalene waxes are non-in- 
ffammabK aad have extremely good dielectric 


277 

properties. The dielectric properties of a normal 
wax of setting point 93® are as follows : 

Dielectric constant — 6-0-6-0 (approximately). 

Dielectric strength =400 volts per mil „ 

Volume resistivity =10^^ ohms per era.®,, 

The chloronaphthalenes are toxic to insects 
and to a certain extent to humans. Exposure 
to the vapour causes dermatitis in the form of 
“ chlor acne,^' and prolonged inhalation of the 
vapour leads to atrophy trf' the liver (Flinn and 
Jarvik, Arner. J. Hyg. 1938, 27, 19). The 
Workmen's Compensation Act has now been 
extended (1941) to apply to poisoning by 
chlorinated naphthalene or its sequelae, in any 
process involving contact with or exposure to 
dust or fume of chlorinated naphthalene. 

Owing to their dielectric properties, the 
chlorinated naphthalene waxes are used primarily 
for the impregnation of paper condensers, and 
for the sealing and insulating of electrical equip- 
ment. They are also used as a “ stopping off ” 
compound in chromium plating, and in solution 
as an impregnant for flame proofing, and insect 
and fungus proofing. Their use in the prepara- 
tion of fire-retardant paints has recently been 
patented (Jordan and O’Neill, Paint Research 
Station, B.P. 552908). 

Naphthalene Chloeides. 

Naphthalene dichloride, Cj^HgClg, and naph- 
thalene tetrachloride, CioH.CU, are formed by 
the cold chlorination of naphthalene (Faust and 
Saame, Annalen, 1871, 160, 67). These com- 
pounds are readily decomposed by heat to form 
chloronaphthalenes. The dichloride is a liquid 
which when warmed gives a-chloro- and a small 
proportion of )S-chloro-naphthalene. Naphtha- 
lene tetrachloride is obtained in 4-6% yield by 
leaving naphthalene in thin layers in an atmo- 
sphere of chlorine until absorj)tion is complete. 
Naphthalene dichloride is removed by extrac- 
tion with light petroleum and further extraction 
with alcohol leaves the pure tetrachloride, m.p. 
182° (Leeds and Everhart, J. Amer. Chem. Soc. 
1880, 2, 208). Oxidation with nitric acid, p 1*45 
(8*7 part-s), at 100° gives 2:^-dichloro~[a~]naphtha- 
quinone (Helbig, Ber. 1895, 28, 606) and with 
10 parts boiling nitric at', id, phthalic acid (Fischer, 
ibid. 1878, 11, 735). With chromic acid at 90°, 
^:4-dichhro-a-'naphthol is obtained (Helbig, l.c.). 
Nitration with fuming acid gives vitrovaphtha- 
lene tetrachloride from which 5:S-dichloro-a-nitro- 
vophthaleve is obtained (Matter, G.P. 317756). 

Chlorination of a-chloronaphthalene in chloro- 
form in the cold gives a-chJmonaphthcdene tetra^ 
chloride, m.p. 117-128°, and lA-dichloronaphtha- 
lene tetrachloride, m.p. 172°, which decomposes 
on heating to give 2:'i:5:S4etrachlorcmaphthade7ie 
(Turner and Wynne, Lc.). 

Chloronaphthalenes uLPHONio Acids. 

The chloronaphthalenesulphonic acids can be 
produced : 

1. From the corresponding naphthylaminesul- 
phonic acid by diazotisation and inter- 
action with cuprous chloride solution. 
This is particularly applicable to the 
monochloronaphthalenesulphonio acids 
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(Beattie and Whitmore, J. Amer. Chem. 
Soc. 1933, 66, 1546). 

2. By siilphonation of the mono- or poly- 

ehloronaphtlialenes, when a mixture of 
isomers of more or less complexity is 
obtained, monosulphonic being accom- 
panied by disuljdionic acids. 

3. By chlorination of naphthalenesulphonic 

acads, the chlorine atom entering an a- 
position. 

(For a-chloronaphthalene-2- and 3-sul- 
phonyl chlorides, sec pp. 303rf, 304a.) 

(i) a - (or 1 - )Chloronaphthalene - 4 - sul- 
phonicAcid is formed as chief product when a- 
chloronaphthalene interacts with chlorosul- 
phonic acid in the cold (Armstrong and Wynne, 
Proc. C.S. 1890, 6, 86). With excess chloro- 
8ulphoni(i acid a-cMoronaphthalerwA-sulphonyl 
chloride is formed (Ferrero and Bolliger, Hclv. 
Chim. Acta, 1928, 11, 1144). a-Ohloronaphtha- 
lene sulphonatcd with monohydrato gives a 
maximum yield of 70% of a-chhjromiplithalone- 
4-8ulphonic acid at 66°, the amount decreasing 
with higher temperature of reaction to 31% 
yield at 98°. The S-isomor could not be detected 
but at 160° some 6-isomer was formed (Ferrero 
and Bolliger, lx.). 

Properties . — The chloride has m.p. 95° and the 
amide m.p. 187° (C3eve, Ber. 1887, 20, 73). The 
solubility of the Na, K, Ca, Ba salts at 18° are 
1*79, 0-73, 0-19, 0-08, and at 98° are 40, 40, 0-84, 
and 0*46 g. per 1 00 c.c, water respectively 
The barium salt, BaAg+SHgO, crystallises 
as hexagonal plates Jind the potassium salt, 
KA, as rhombic prisms. a-Chloronaphtha- 
lene-4-sulphonic acid is converted by caustic- 
soda to a-naphtholA-sulphonic acid and by am- 
monia to a-naphthylaynineA-sulphouic acid. 

(ii) a - Chloronaphthalene - 5 - sulphonic 
Acid is the chief product when a- chloronaphtha- 
lene interacts with chlorosulphonic acid first in 
the cold and finally at 150° (Armstrong and 
Wynne, Proc. C.S. 1890, 6, 87). It can be 
obtained by chlorinating sodium naphthalene- a- 
Bulphonate with sodium chlorate and hydro- 
chloric acid (Rudolph, G.P. 103983, B.P. 19088, 
1898). It is not formed in the sulphonation of 
a- chloronaphthalene with sulphuric acid (Ferrero 
and Bolliger, l.c.). 

Properties. — The chloride has m.p. 95° and 
the amide m.p. 226° (Cleve, Ber. 1887, 20, 73). 
The water of crystallisation and solubility at 20° 
of some of the salts of a-chloronapthaleno-6-sul- 
phonic acid, in g. per 100 c.c. water are as 
foUows: Ca+HgO, 0-37; Sr+3HaO, 0-55; 
Ba-f 2HaO, 0-27 ; Zn+4H20, 1-20 ; Mn-f HaO, 
0-74; COH-4H20, 0-71; Ni+4H20, 0-62; 

Cu+4H,0, L09 ; Pb-f 2 H 2 O, 0-20; Ag anhyd., 
0*66 (Ephraim and Pfister, Helv. Chim, Acta, 
1026, 8 , 229). a-Chloronaphthalene-6-sulphonic 
acid is converted by caustic soda to a-naphthol-b- 
sulphonic axid and by ammonia, to a-naphthyl- 
amine-^’Sulphonic acid. 

(iii) a- Chloronaphthalene - 6 - sulphonic 
Acid is produced along with the 7-sulphonio acid 
when a-chloronaphthalene is heated with 1-1 *6 
times its weight of sulphuric acid at 160-170° 
(Oehler, G.P. 76396; Ferrero and Bolliger, 
lx.) ; or by chlorination of sodium naphthalene- 


)3-sulphonate with chlorine or with sodium 
chlorate and hydrochloric acid (Rudolph, G.P. 
101349; B.P. 19088, 1898). 

Properties. — The chloride has m.p. 114-116° 
and the amide m.p. 216° (Cleve, Ber. 1887, 20, 
73). The barium salt, BaAg+HgO and the 
potassiu7n salt, KA, are only sparingly soluble 
in cold water and so permit of separation from 
the salts of the more soluble 7-sulphonic acid. 

(iv) a - Chloronaphthalene - 7 - sulphonic 
Acid is prepared from a a-naphthylamine-7- 
sulphonic acid by the Sandmeyer reaction (Cleve, 
ibid. 1892, 25, 2480) or together with the 6- 
sulphonic acid by sulphonation of a-chloro- 
naphthalene. The chloride has m.p. 94° and 
the amide m.p. 185-186°. 

(v) a - Chloronaphthalene - 8 - sulphonic 
Acid has been prepared in the form of its 
chloride by interaction of potassium a-nitro- 
naphthalene - 8 - sulphonate with phosphorus 
pentachloride (Cleve, ibid. 1890, 23, 962). The 
chloride has m.p. 101° and the amide m.p. 196- 
197°. 

(vi) a - Chloronaphthalene - 3:6 - disul- 
phonic Acid is obtained by chlorination of 
naphthalene - 2:7 - disulphonic acid (Rudolph, 
G.P. 10.3983). It has been prepared by 8;ind- 
meycr reaction from a-naphthylamiiitN3:6-di- 
8ulphoni(i acid (Armstrong and Wynne, Proc. 
C.S. 1895, 11, 82). The chloride is dimorphous, 
the two forms having the m.ps. 115° and 127° 
respectively. 

(vii) a - Chloronaphthalene - 3:8 - disul- 
phonic Acid has been prepared from a-naphthy- 
amine-3:8-tlisulphonic acid by Sandmeyer rt'- 
action (Armstrong and Wynne, Proc. C.S. 1890, 
6, 16). The chloride has m.p. 110°. 

(viii) a - Chloronaphthalene - 4:6 - disul - 
phonic Acid is formed by sulphonation of a- 
chloronaplithalene-6-sulphonic acid at 100° 
(Rudolph, G.P. 104902). It has also been made 
from a-naphthylamine-4:6-disulphonic acid by 
the Sandmeyer reaction (Armstrong and Wynne, 
Proc. C.S. 1890, 6, 126). Fusion with caustic 
soda at 230° produces l:Q-dihydroxynaphthalene- 
4:‘Sulphonic acid (Rudolph, l.c.). 

(ix) a - Chloronaphthalene - 4:7 - disul - 
phonic Acid is obtained by sulphonating a- 
chloronaphthalene with 46% oleum at 20°, or 
with sulphuric acid at 180° (Oehler, G.P. 74744) ; 
or by sulphonating a-chloronaphthalene-4-8ul- 
phonic acid with 20% oleum at 20° (Oehler) or 
at 1(X)° (Armstrong and Wynne, Proc. C.S. 
1890, 6, 18). The chloride has m.p. 107°. 

(x) a-Chloronaphthalene-4:8-dlsulphonlc 
Acid has been made by the Sandmeyer 
reaction from a-naphthylamine-4:8-di8ulphomo 
acid (Armstrong and Wynne, Z.c., p. 126). The 
chloride has m.p. 136°. 

(xi) a - Chloronaphthalene - 2:4:7 - trisul - 
phonic Acid is formed by sulphonation of a- 
chloronaphthalene with 46% oleum or by sul- 
phonation of a-chloronaphthalene-4-sulphonate 
with 20% oleum at 170° (Oehler, G.P. 76230). 
The chloride has m.p. 216° (Armstrong and 
Wynne, Proc. C.S. 1890, 6, 126). 

(xii) p -Chloronaphthalene - 6 - sulphonic 
Acid is the main product when /3-chloronaphtha- 
lene is sulphonabed with oleum at 180° and is 
separated from accompanying 8-sulphonic acid 
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by the sparingly soluble lead salt (Arnell, Bull. 
Soc. chim. 1881, [ii], 46, 184). It has been pro- 
duced also by the Sandmeyor reaction from 
naphthylamine-6-sulphonic acid. The chloride 
has m.p. 110° and amide m.p. 183°. 

(xiii) jS-Chloronaphthalene - 8 - sulphonic 
Acid is formed along with the 6-sulphonic acid 
when |3-chloronaphthalenc is sulphonated at 
100° with oleum {idern, ibid.), or by the a(‘tion 
of ehlorosulphonic acid in the cold on j3-chloro- 
naphthalene in carbon disulphide solution 
(Armstrong and Wynne, Proc. C.8. 1888, 4, 105). 
The following ^ - chloronaphthalcnesulphoiiio 
acids have been prepared by the Saridnieyer 
reaction from the corresponding /S-naphthyl- 
amincsulphonic acids : 

(xiv) j3-Chloronaphthalene - 1 - sulphonic 
Acid. — Chloride, m.p. 70°; amide, m.p. 153° 
{idem, ibid. 1895, 11, 238). 

(xv) Ch loro naphthalene - 5 - sulphonic 
Acid. — Chloride, m.p. 09°; amide, m.p. 214° 
{idem, ibid. 1889, 5, 48). 

(xvi) )3-Chloronaphthalene - 7 - sulphonic 
Acid. — Chloride, m.p. 80-5°; amide, m.p. 170° 
{idem, ibid., p. 49). 

The jS-ehloronaphthalenedisulphonic acids are 
only of academic interest and have usually been 
prepared by the Sandmeyer reaction on the 
corresponding )5-naphthylaminedisulphoni(5 acids 
{idem, ibid. 1890, 6, 127, 130 ; 1891, 7, 27). 

BROMO- AND TODO-NAPHTllALENES. 

Bromination of naphthalene has been studied 
by a number of workers, some of whom are 
referred to below under individual compounds. 
Direct bromination gives mainly a-broinonaph- 
thalene, together with 1:4- and l:5-dibromo- 
naphthalenes. Bromo-derivatives of naphtha- 
lene can also be obtained by replacing other 
substituents such as amino-, hydroxy-, and 
nitro- groups in the naphthalene nucleus, by 
standard methods. 

a-Bromonaphthalene. — A method for bro- 
minating naphthalene in carbon tetrachloride 
solution to give a 72-75% yield of a-bromo- 
naphthalene is described in Organic Synthesc.'^, 
1930, 10, 14. It can also be prepared by the action 
of sulphur bromide in benzene (Edinger and 
Goldberg, Ber. 1900, 33, 2885) or of iodine mono- 
bromide (Melitzer, J. Amer. Chem. Soc. 1938, 60, 
256) on naphthalene, among other methods. 

a-Bromonaphthalene is a colourless oil with a 
characteristic odour, m.p. 6-2 ±0*02° (Jones 
and Lapworth, J.C.S. 1914, 105, 1804), 6*1° 
(Timmermans and Henna ut- Roland, J. Chim, 
phys. 1937, 84, 693), b.p. 2811° (Kahlbaum and 
Arndt, Z. physikal. Chem. 1898, 26, 627), p®® 
1*4786, lip 1-6682 (Jones and Lapworth, l.c.). 

jS-Bromonaphthalene is obtained from 
naphthylamine via the diazo- compound, es- 
pecially by heating the complex formed by the 
bromide of the latter with mercuric bromide 
(Schweehten, Ber. 1932, 65 [B], 1606 ; Newman 
and Wise, J. Amer. Chem. Soc. 1941, 68 , 2847). 
Several workers have made it from jS-naphthol 
and phosphorus tribromide. It has m.p. 68- 
69° ; b.p. 281-282° (Sah, Rec. trav. chim. 1940, 
60, 1021). 

l;2-Dibromonaphtha1ene, from l-bromo-2- 
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aminonaphthalene, has m.p. 67-68° (Meldola and 
Streatfeild, J.C.S. 1893, 63, 1054). 

l:3-Dibromonaphthalene, m.p. 64° (Mel- 
dola, Ber. 1879, 12, 1963). 

l:4-Dibromonaphthalene has m.p. 82-83° 
(Goldstein and Stern, Helv. Chim. Acta, 1940, 
23, 809). Its formation in the bromination of 
naphthalene has been studied by Zalkind and 
Faerman (J. Russ. Phys. Chem. Soc. 1930, 62, 
1021 ). 

l:5-Dibromonaphthalene, m.p. 131°, has 
been obtaimid in 19% yield in the bromination 
of naphthalene (Zalkind and Faerman, l.c.). 

l:6-Dibromonaphthalene has m.p. 61° 
(Claus and Pliilipson, J. pr. Chem. 1891, [ii], 
43, 51 ; Armstrong and Rossiter, Proc;. C.S. 1891, 
7, 184). 

l:7-Dlbromonaphthalene, m.p. 75°, by 
brominating jS-bromonaphthalcno {idem, ibid. ; 
cf. Forsling, Ber. 1889, 22, 619, 1402). 

l:8-Dibromonaphthalene, m.p. 108-5 -109°, 
from 8-bromo-a-naphtliylamine (Meldola and 
Streatfeild, l.c.). 

2:3-Dibromonaphthalene, m.p. 140°, from 
3-bromo-j3-naphthylamiuc (Wynne, Proc. C.S. 
1914, 80, 204 ; Kenner, Ritchie, and Wain, J.C.S. 
1937, 1526). 

2:6-Dibromonaphthalene, m.]). 158°, from 
6-bromonaphthalene-)3-sulphoTiyl bromide (Fors- 
ling, l.c., p. 1401). 

2:7-Dibromonaphthalene, m.p. 140-141° 
(Franzen and Stauble, J. pr. Chem. 1921, [ii], 
101, 58), from 3:6-dibromo-2-naphthylamme. 

Several tri- and tetra-bromonaphthalenes have 
been described ; only the most recent references 
are given below : 

l:2:4-Tribromonaphthalene, m.p. 112-113° 
(Consden and Kenyon J.C.S. 1935, 1596). 

l:2;6-Tribromonaphthalene, m.p. 118° 
(Claus and Philipson, l.c.). 

l:4:5-Tribromonaphthalene, m.p. 85° 
(John, Bull. Soc. chim. 1877, [ii], 28, 514). 

1 :4:6-Tribromonaphthalene, m.p. 86-87°. 
Zalkind and Belikov obtained it in the bromina- 
tion of a-bromonaphthalene (Ber. 1931, 64 [B], 
955). 

l:3:6-Tribromonaphthalene, m.p. 98°, from 
l:3:6-tribromo-)5-naphthylamino (Franzen and 
St&uble, J. pr. Chem. 1921, [ii], 101, 58). 

l:2:3:4-Tetrabromonaphthalene, m.p. 196°, 
from l:3:4-tribromo-j3-naphthylamine (Hodgson 
and Hathway, J.C.S. 1944, 21). 

l:4:6:7-Tetrabromonaphthalene, m.p. 173- 
174°, from l:4-dibromonaphthaleiie tetrabroniide 
(Guareschi, Gazzetta, 1886, 16, 146) ; another 
isomer, l:4;x:x-, m.p. 119-120°, was obtained 
at the same time. 

Hexabromonaphthalenes. — By brominat- 
ing naphthalene in presence of aluminium 
bromide, Zelinsky and Turova-PoUak obtained a 
hexabromonaphthalene, m.p, 312°, identical with 
the product obtained similarly from cw-decalin. 
<fa7w-Decalin, however, gave a hexabromonaph- 
thalene, m.p. 269° (B^r. 1929, 62 [B], 1668). 
Earlier workers described products, m.p. 245- 
246° (Gessner, ibid. 1876, 9, 1610) and 252° 
(Roux, Ann. Chim. Phys. 1887, [vi], 12, 347). 

Isomerisation of Bromonaphthalenes. — a- 
Bromo- is converted into jS-bromo-naphthaleue 
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by the action of aluminium chloride in carbon 
disulphido solution (Eoux, lx. ; Fisher and 
Clark, Canad. J. Res. 1939, 17, B, 261) and by 
passage over silica gel in a current of air at 350'' 
(Mayer and Schiffner, Ber. 1934, 67 [B], 67). 
i:2-Dibromonaphthalcne has been converted by 
the action of aluminium chloride in presence of 
acetyl chloride into 1:4-, 1:5-, and 2:6-dibromo- 
naphthalenes (Lohfert, ibid. 1930, 63 [B], 1939). 

lodonaphthalenes. 

a- lodonaphthalene, has been prepared by 
several workers and is described as a thick oil, 
b.p. 306°. For the direct iodination of naphtha- 
lene, see Birckenbach and Goubeau, ibid. 1932, 
66 [B], 395 ; Varma et al., J. Indian Chem. Soc. 
1933, 10, 595). 

j3- lodonaphthalene,m.p. 63-54°, b.p. 172°/21 
mm. (Schmkllin and Huber, Ber. 1910, 43, 2829). 

]:2-DI-, m.p. 81°, and l:4-di-iodonaphtha- 
lene, m.p. 109-110°, were prepared by Meldola 
(J.C.k 1885,47, 622), and l:8-di-lodonaphtha- 
lene, m.p. 109°, by Scholl, Seer, and Weitzen- 
bock (Ber. 1910, 43, 2207). 

NAPHTHALENESULPHONIC ACIDS. 

The mono-, di-, and tri-sulphonic acids of 
naphthalene are important dyestuff inter- 
mediates and the sulphonation process is there- 
fore of major technical importance. The num- 
ber of different acids which can be formed by 
direct sulphonation of naphthalene is restricted 
to the two mono-, four di-, and three tri-sul- 
phonic acids. The products obtained depend 
on the nature, quantity, and concentration of 
the sulphonating agent,* on temperature and 
on time, and are summarised in a number of 
rules. A low temperature and a mild sul- 
phonating agent such as chlorosulphonic acid 
favour sulphonation in the a-position, high 
temperature the )3-position ; excess of reagent 
promotes poly sulphonation ; disulphonic acids 
formed are always heteronuclear f ; a second 
sulphonic group takes up a position as remote as 
possible from the first, thus, low-temperature 
sulphonation of the jS-mono-acid gives 1:6- and 
not l:7-di8ulplionic acid. J At high temperatures 
a-sulphonic groups move into /S-positions if such 
movement is compatible with the rule that two 
sulphonic groups do not take up adjacent 
positions. The phenomenon of isomeric change 
of sulphonic acids has already been discussed 
(p. 271a). 

The course of sulphonation, ignoring isomeri- 
sation effects is summarised in the diagram 
opposite, where S represents the SO 3 H group. 

Naphthalene Monosulphonic Acids. 

The conditions leading to the formation of 
naphthalene-a- and jS-sulphonic acids, which 
were first studied by Merz and Weith {ibid. 1870, 

3 , 196) have already been reviewed in detail 
(p. 271a) in the discussion on isomeric change. 
Various methods have been employed for the 
♦ Cf. footnote, p. 27 Id. 

t It has been stated that the l:3-aold is also formed 

(ff.v.). 

t The formation of 1:7 disulphonic add In the sulpho- 
nation of naphthalene at 180° (> 25%) has been reported 
by Fierz-Bavld And Kiohter (Helv. Chim. Acta, 1945, 
2n, 257) and of naphthalene-ff-sulphonic acid by Lantz 
(Bull. Soc. chim. 1945, [vj, 12» 262). 


determination of naphthalene-a- and jS-monosul- 
phonic acids in presence of each other. Lantz 
(Bull. Soc. chim. 1935, [v], 2, 1913) has devised 
a method in which bromine reacts with the mix- 
ture under specific conditions whereby the j8- 
isomer is brominated to give a soluble product, 
whilst the a-isomer undergoes replacement of the 
sulphonic-group to give an insoluble product. 
The proportion of the a-isomcr can be determined 
by measurement of the sulphuric acid harmed or 
by chromic acid oxidation of the insoluble 
bromo-compound. Terentiev (Sci. Rep. Mos- 
cow State Univ. 1936, No. 6, 199; Amer. Chem. 
Abstr. 1938, 32, 4104) estimates naphthalene-a- 
sulphonic acid by interaction with sodium 
amalgam, when the sulphonic group is removed 
as sodium sulphite which is then determined. 
This method should bo employed with reserve 
since in all probability the group will also bo 
eliminated from naphthalcno-)3-8ulphonic acid to 
some degree. Tlie effect of having disulphonic 
acids present may lead to error, though it is 
stated that under the conditions employed the 
groups in naphthalene- l:5-di8ulphonic acid are 
only slightly attacked but with naphthalone- 
l:6-diaulphonic acid one sulphonic-group is 
removed. Kiprianov (Zavod. Lab. 1934, 3, 414 ; 
B. 1934, 823) estimated naphthalene-jS-sul- 
phonic acid by precipitation as the sparingly 
soluble magnesium salt. Euwes (Rec. trav. 
chim. 1909, 28, 304) devised a method of analysis 
dei)ending on the mutual solubility effects of 
the lead salts of naphthalene-a- and jS-sulphonic 
acids and from a predetermined curve it was 
possible to determine the proportion of a- 
isomer in a mixture of a- and /S-isomors. 

This last method was also used by Witt in his 
study of the monosulphonation of naphthalene 
(Ber. 1915, 48, 754). Witt developed the 
method of sulphonation of naphthalene to give 
mainly the j8-isomer in which naphthalene is 
heated to about 160°, the sulphuric acid is 
added over a short period of time and the 
reaction mass then heated until sulphonation is 
complete. By heating 250 g. naphthalene to 
160° and adding 400 g. of 93*7% sulphuric acid 
(160% of theory) during 16 minutes and finally 
maintaining for 15 minutes at 160°, Witt found 
85% jS-isomer formed and 15% a-isomer and a 
small formation (less than 1%) of dinaphthyl- 
sulphone. Although this may be the proportion 
of isomers formed under the above conditions, 
the manufacturing methods produce much less 
a-isomer than 15%. In a typical manufacturing 
procedure in which naphthalene is heated at 
166°, l-l*26 mol. monohydrate added and the 
reaction mass heated 2-3 hours at 165°, there 
will be 13-16% of naphthalene unsulphonated, 
1-2% of dinaphthylsulphone formed, 89-81% 
of naphthalono-j3-sulphonic acid and the remain- 
ing 4-5% will consist of a-isomer and any di- 
sulphonic acids formed (private communica- 
tion). Under these conditions therefore the 
proportion of a- to jS-isomer is far less than the 
ratio 16:86 found by Witt. 

Naphthalene-a-sulphonic Acid is obtained 
by sulphonation of naphthalene at temperatures 
not above 70°. Finely powdered naphthalene is 
added with stirring to 1*6-2 parts by weight of 
sulphuric acid at 40-60°, the temperature finally 
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being raised to 70° to complete the sulphonation. 
The naphthalene-a-sulphonic acid may be 
isolated as sodium salt either by neutralising 
with lime and converting the resulting solution 
of the filtered calcium salt to sodium salt by 
addition of sodium carbonate or by addition of 
salt to the diluted sulphonation mass (G.P. 
60411). 

An alternative separation designed to ensure 
freedom from jS-isomer is described in B.P. 


414573 (Geigy) in which to the diluted sul- 
phonation product is added sufficient ferrous 
salt to precipitate the )5-i8omer as the sparingly 
soluble ferrous salt and, after filtration, sodium 
naphthalene-a-sulphonate is isolated from the 
filtrate by addition of salt. According as the 
temperature of sulphonation is varied from 20° 
to 66°, the proportion of a-isomer varies from 
90% to 85% and the proportion of jS-isomer from 
10% to 15%. The above method of isolation 



results in separation of 90% of the a-isomer 
present and the product contains only 0*5-1% 
of j8-isomer. 

Naphthalene-a-sulphonic acid has been pre- 
pared in pure form by sulphonating naphthalene 
with 2 parts by weight of acid at 0° and after 
inducing the sulphonic acid to crystallise from 
the sulphonation mass, the filtered a-isomer, 
which contains naphthalene, is purified by 
solution in water, filtration from naphthalene 
and concentration of the filtrate under vacuum 
at 36° to a density of 1 *29-1 *3. On cooling, 
a-acid separates as a crystalline mass, which can 
be further purified by solution in water and 


precipitation from concentrated solution by 
hydrogen chloride (Fierz and Weissenbach, 
Helv. Chim. Acta, 1920, 8, 314). 

Identification . — ^The acidt HA,2H20, forms 
easily soluble, non -deliquescent crystals (m.p. 
90°) which cannot bo dehydrated without decom- 
position. The ammonium salt, NH^A, and the 
zincy cobalty nickel, copper, and cadmium salts, 
each having 6 mol. water of crystallisation, are 
described by Fierz and Weissenbach (Z.c.) 

The chloride has m.p. 67° (Erdmann and 
Sfivern, Annalen, 1893, 276, 236) and the amide 
m.p. 160° (Maikopar, Zeit. Chem. 1869, [ii], 6, 
711). The henzyl-<o4hiocarbamide salt is a well- 
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defined crystalline product, m.p. 136-8° (Cham- 
bers and Watt, J. Org. Chem. 1941, 6, 376 ; see 
also Chambers and Scherer, Ind. Eng. Chem. 
1924, 16, 1272 ; Hann and Keenan, J, Physical 
Chem. 1927, 31. 1082). 

The solubility of a number of salts of naphtha- 
lene-a-sulphonic acid has been determined by 
Ephraim and Seger (Helv. Chim. Acta, 1926, 8 , 
724). All the following salts have 6 mol. water 
of crystallisation, and the solubilities (at 17°) 
are expressed in g. of anhydrous salt per litre : 
7nagnesium 69-78, cobalt 64-17, nickel 49-78, 
copper 46-47, cadmium. 46-08, zinc 6-69, man- 
gavese 4-79. 

Reactiom and Uses. — Phirthcr sulphonation at 
low temperature is an important reaction loading 
to the formation of naphthalene -i.^-disulphonic 
acid together with some l:6-isomor. Another 
technically important reaction is nitration, by 
which is mainly formed a-nitro7iaj)hlhale7ie-S- 
sulphonic acid together with some 5-i8omer. 
Fusion of naphthalenc-a-8ulphonic acid with 
caustic soda produces a-naphthol. 

Naphthalene-j3-sulphonic Acid is prepared 
by adding sulphuric acid to an equal weight of 
naphthalene at 160°, and after 3 hours at this 
temperature heating for 1 hour at 170° and then 
for 1 hour at 180°. The product is usually 
isolated as sodium salt by addition of salt to the 
diluted sulphonation mass or the diluted acidic 
mass may be neutralised with sodium carbonate 
and the ^-salt isolated by addition of salt. 
Sodium sulphate or sodium sulphite may be used 
for the isolation (Uhlmann, G.P. 229537). In 
manufacture it is usual to employ less severe 
conditions of sulphonation so as to minimise 
formation of disulphonic acids and dinaphthyl- 
sulphone, and there remains in the sulphonation 
mass a small quantity of naphthalene which 
after dilution of the mass is removed by steam 
distillation (v. supra). 

If the sulphonation mass is only diluted to a 
small extent so that the boiling-point is 146- 
166°, then by distillation not only is free 
naphthalene removed but also naphthalene-a- 
sulphonic acid is hydrolysed back to naphthalene 
(Nat. Aniline and Chem. Co., Inc., U.S.P. 
1922813). 

Grischen and Spryskov (Anilinokras Prom. 
1932, 2, No. 11, 19; Amer. Chem. Abstr. 1933, 
27, 4791) have sulphonated naphthalene to give 
the jS-sulphonic acid by heating 0-7 mol. naphtha- 
lene with 1 mol. sulphuric acid at 155°, and when 
sulphonation is complete applying vacuum to 
remove water and so concentrate the residual 
sulphuric acid; 0-2 mol. naphthalene is now 
added at 166° and the mass similarly treated 
and finally the remaining 0-1 mol. naphthalene is 
added. 

Spryskov (J. Chem. Ind. Russ. 1931, 8 , 41 ; 
B. 1932, 378) has obtained 97% sulphonation 
by Bulphonating naphthalene with 1 mol. sul- 
phuric acid at 160°, removing the water of 
reaction by passing in benzine vapour purified 
by treatment with sulphuric acid. Spryskov 
attributes the inferior results obtained by Gay 
using a similar method to the use of impure 
ligroin (Chim. et Ind. 1928, 19, 387). 

Fierz-David and Blangey, Farbenchemie,” 
4th ed., p. 133, give details of a method for 


making and isolating naphthalene-)3-sulphonic 
acid (sodium salt). 266 g. naphthalene is 
heated to 165° and 280 g. 94% sulphuric acid 
added during 30 minutes, after which the 
reaction mass is heated 1 hour at 165°, 1 hour 
at 167°, 1 hour at 170°, and finally 1 hour at 
173° during which time 25 g. naphthalene and 
,30 g. water distil over. The reaction mass is 
poured into 1,800 c.c. water, partially neutralised 
by addition of 60 g. sodium carbonate followed 
by 360 g. salt whereby the j8-salt is precipitated ; 
after cooling and stirring the suspension for 
some hours it is filtered oft' and dried. The 
actual yield of dried product is 400-420 g., and 
it can be used for direct fusion to j8-naphthol. 

Naphthalene-j8-sulphonic acid can be isolated 
as the free acid in the form of its crystalline 
trih^-^drate by suitable dilution with water of a 
naphthalene-jS-sulphonation mass. Witt (Ber. 
1915, 48, 756) heated 260 g. naphthalene at 160° 
with 400 g. 93*7% sulphuric acid and diluted 
the sulphonation mass with 300 c.c. water. 
The p-acid separates as a crystalline mass and 
may be purified from a small amount of dinaph- 
thylsulphone by solution of 600 g. of the product 
in 300 c.c. water at 70°, filtering from sulphone 
and precipitating the naphthalono-jS-sulphonic 
acid as its trihydrate by adding 100 c.c. hydro- 
chloric acid and cooling. 

Identification. — The arid, HA-f SHgO, forms 
non-deliqucsccnt lustrous scales, m.p. 83°, from 
which the monohydratc, m.p. 142°, and the 
anhydrous product, m.p. 91°, can be prepared. 
The anhydrous product is soluble in toluene 
(Witt, l.c.). The chloride has m.p. 79° (Fischer 
and Bergell, ibid. 1902, 35, 3779) and the amide 
m.p. 217° (Clcve, Bull. Soc. chim. 1876, [ii], 26, 
258). The be^izyl-ip-thiocarbandde salt is a well- 
defined crystalline product, m.p. 190-5° (Cham- 
bers and Watt, d. Org. Chem. 1941, 6, 376; 
c/. Chambers and Scherer, Ind. Eng. Chem. 1924, 
16, 1272 ; Hann and Keenan, J. Physical Chem. 
1927, 31, 1082). 

The water of crystallisation and the solubility 
of many salts in g. of anhydrous salt per 100 c.c. 
water (mostly at 16-6°) have been determined by 
Ephraim and Pfister (Helv. Chim. Acta, 1925, 8 , 
229) : N H^A, anhyd. 13-14 at 26° ; NaA, anhyd. 
6-67 at 25°; KA+iHaO, 8-02 ; MgA2-f-4H20, 
0-2; CaAg+IHgO, 1-99; SrAg+l HoO, 0-88 ; 
BaAg-flHgO, 0-38; ZnAa+eHoO, 0-46; 
MnAg+eHgO, 0-33; CoAg+eHgO, 0-26 (cf. 
Biltz and Birk, Z. angew. Chem. 1926, 159, 
126); NiAg+BHaO, 0-36; FeAg+BHaO, 

0- 24; CdAg+BHaO, 0-87; CuAg+BHaO, 

1- 05; PbAg+HgO, 0-64; Ag A a anhyd. 1-72. 

Naphthalene-/3-8ulphonic acid forms molecular 

compounds with amino-acids, e.g., with glycine 
and sarcosine (Pfeiffer et al., J. pr. Chem. 1930, 
[ii], 126, 126) with Meucine, I-histidine, etc. 
(Hermann and Stein, J. Biol. Chem. 1939, 129, 
609). 

Reactions and Uses. — Naphthal©ne-j3-8ulphonic 
acid as sulphonic acid reaction mass is an 
essential stage in the preparation of naphthalene- 
1:6-, 2:6-, and -disulphonic adds and naphtha- 
lene-l:Z;Q-trisulphonic add and the products 
derived therefrom. The main use for the 
isolated product is in the preparation of j5- 
naphthol by fusion with caustic soda. By re- 
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action with aliphatic alcohols (propyl or butyl) 
or with formaldehyde, technically valuable 
“ wetting-out ” agents are obtained. 

By nitration, a mixture of a-nitroTiaphtJmhne- 
6- and -1 -aulphonic acids is obtained, loading by 
reduction to the important (’Icvo acids. By 
broniination at 0'’, a-hnmionaphihale.ne-iS- and -7- 
sulphonic acids are obtainc'd in substantially 
equal propf)rtion (Salkind and Belikova, d. (jlon. 
Chora. Russ. 1934, 4, 1211 ; A. 1935, 612). 

Naphthalene oisn lph onic Acids. 

The naphthalenedisulphonic! acids given in tho 
diagram on p. 281 ani manufactured by sul- 
phonating under (‘oiiditions chosen to load to the 
most favourable proportion of the desired 
isomer. tSulphonation niay be supposed to 
proceed with primary formation of l:5-disul- 
phonic acid, from l-snlxjhonic acid, and of 
l:6-disulphonic acid oil her from 2-sulx)honic acid 
or by isomeric change of 1:5- ; finally 1:5- and 
1:6- are convertt'd into 2:7- and 2:6-, the last 
two being inter-convcrtible. Chlorosulphonic 
acid, as was first shown by Armstrong, converts 
naphthalene into tho 1 :5-disulx)honic acid ; 
actually the l:5-disuli)honyl chloride is formed 
(I.G., G.P. 466441 ; Corbcllini, Giron. Chem. 
Ind. appl. 1927, 9, 1 18). 

During tho period 1920-1930 several workers 
studied tho reactions leading to the above di- 
sulphonic acids. Fierz-David and Haslcr (Hclv. 
Chira. Acta, 1923, 6 , 1133 ; Fierz-David, J.S.C.I. 
1923, 42, 442t) treated naphthalene in sul- 
phuric acid with just enough sulphuric an- 
hydride to cause disulphonation and studied the 
changes as the temperature was raised. Below 
40° a mixture is obtained containing 75% of 
1:5- and l:6-disulphonic acid. At temperatures 
between 120° and 135° the 1:5- disappears 
gradually and 2:7- is formed in its place, no 2:6- 
being yet formed. At 140°, however, when all 
1:5- has disappeared, the 2:G-acid appears. At 
165° there is always formed, in round numbers, a 
mixture containing 24% of 2:6-, 10% of 1:6-, 
and 65% of 2:7-disulphonic acid. The inter- 
conversion of the 1:6-, 2:7-, and 2:6- acids was 
established. The work of Ambler and Scanlan 
(Ind. Eng. Chom. 1927, 19, 417) and Lynch and 
Scanlan {ibid., p. 1010) points clearly to the con- 
clusion that the intcrconvorsion is brought 
about, as is the change of a- to jS-monosulphonic 
acid, by hydrolysis and resulphonation. When 
the 1:5- and l:6-acid8 were heated with varying 
strengths of sulphuric acid (1-85%) at tempera- 
tures between 100° and 220° it w^as found {a) if 
the conditions were too mild to cause sulphona- 
tion of naphthalene, only hydrolysis to naphtha- 
lene occurred and no isomerisation ; (6) under 
sulphonating conditions the isomeric disulphonic 
acids were formed in the same proportions as 
by sulphonating naphthalene. Held (J. Amer, 
Chem. Soc. 1927, 49, 844), heated the 2;7-acid 
with 95% sulphuric acid at 160° and found 
gradual conversion into 2:6-acid, reaching a 
maximum of 42% in 19 hours, a figure higher 
than that given by Fierz-David for the 2:6- 
oontent of a disulphonation mixture at about 
this temperature. 

(i) Naphthalene-l:2-disulphonic Acid. — 

This compound has no technical importance. 


There is no evidence that it is ever formed in the 
sulphonation of naphthalene. It is prepared 
from a-naphthylamino-2-sulphonic acid either 
by conversion into the thionaphtholsulphonic 
acid (Bayer, B.P. 11465, 1892; Armstrong and 
Wynne, Proc. C.8. 1893, 9, 168) or into tho sul- 
phinic acid (Gattcrmann, Ber. 1899, 32, 1156) 
and oxidation of thesis compounds by potassium 
jjciTnanganate. 

Idciitijicatiofi. — With phosphorus x)enta- 
chloridc a dicldoritlc is not formed, but an 
anhydride (m.p. 198') results (Armstrong and 
Wynne, Lc.). 

fii) Naphthalene-l:3-disulphonic Acid is 
made from j3-naphthylamine-6:8- or -5:7-di8ul- 
phonic acid by boiling the corresponding 
hydrazine wdth copper sulphate solution (Arm- 
.strong and W 3 mnc, Proc. G.S. 1890, 6, 13, 129), 
or from a-naphthylaniine-2:4-disuli)honic acid by 
boiling the diazo-conq)ound Avith alcohol 
(Hochst, G.P. 92082). .Xccording to Tschuk- 
sanova (Amer. Chem. Abstr. 1940, 34, 5834) it 
is formed to some extent in the sulx)honation of 
nax)hthalene at 130°. 

Identijication . — The dichloride has rn.i). 137° 
(Armstrong and W'ynne, l.c.). The barium salt, 
BaA I 4 H 2 O, 'potassium salt, KgA-f 2 H 2 O, and 
tho sod it mi salt are crystalline and very soluble 
in water. 

Reactions and Uses. — Naphthalene- ]:3-disul- 
phonic acid is used technically in the manu- 
facture of a-naphihol-li-sulplionic acid which is 
prepared by fusion of the l:3-disulphonic acid 
with aqueous caustic soda (B.P. 9537, 1890). 
Under more severe conditions of fusion, o-toluic 
acid is produced by breakdown of l:3-dihydroxy- 
nai)hthalene with elimination of acetic acid 
(Kalle, G.P. 79028 ; Friedlander and Riidt, Bor. 
1896, 29, 1611). 

(iii) Naphthalene-l:4-disulphonic Acid is 
of no technical importance. It is prepared 
from a-nai)litliylamine-4-Hulphonic acid by 
similar reactions to those used for the prex)ara- 
tion of naphthalene- l:2-diBulphonie acid {cf. 
Bayer, B.P. 26139, 1896). 

Idenlification . — Hie dichloride has m.p. 160° 
(Armstrong and Wynne, Proc. C.S. 1893, 9, 
198). 

Reaction . — By nitration it is converted into a- 
nitronajdUhalene-^iS-disvlphonic acid. 

(iv) Naphthalene-l:5-disulphonic Acid 
{Armstrong's acid ). — This is technically the most 
important disulphonic acid of naphthalene. It 
is formed along with the l:6-isomer by the 
interaction of naphthalene in the cold with 
5 parts by v^eight of 23% oleum (Aktienges., 
B.P. 4625, 1888) or with 4 ]3arts by weight of 
30% oleum. By dilution of the suljihonation 
mass with 3-4 parts of wa4)er the naphthalene- 
l:5-di8ulphonic acid separates as a crystalline 
product in technically pure form . Alternatively, 
by addition of salt to the diluted sulphonation 
mass the product is isolated as the disodium 
salt (Ewer and Pick, G.P.a. 2619). Sulphona- 
tion of naphthalene with chlorosulphonic acid 
leads to formation of naphthalene- l:5-di8ul- 
phonyl chloride, 4 mol. being necessary for 
quantitative reaction (I.G., G.P. 466441 ; cf. 
Corbellini, Giom. Chem. Ind. appl. 1927, 9, 118). 

Fierz-David and Hasler (Helv. Chim. Acta, 
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1923, 6, 1136) describe the preparation and 
isolation of the free acid in pure form. Naphtha- 
lene (128 g.) is added to monohydrate (300 g.) 
and 300 g. of 64% oleum added gradually, the 
temperature being allowed to rise to 30° and 
finally raised and maintained 8 hours at 40°o. 
The diluted sulphonation mass is partially neutra- 
lised with sodium carbonate and then excess of 
sulphuric acid removed by barium carbonate. 
The filtered solution of the sodium salt, by con- 
centration, acidification with hydrochloric acid, 
and addition of barium chloride, gives the pure 
barium salt of naphthalene- l:5-disulphonic acid 
which after filtration and conversion to the free 
acid by sulphuric acid is concentrated to crystal- 
lising point and 2 vols. of 38% hydrochloric acid 
added. 

Identification. — The chloride has m.p. 183° 
(Armstrong, Ber. 1882, 15, 205) ; the amide 
melts above 310° and the anilide at 248-249° 
(Fierz-Havid, J.S.C.I. 1923, 42, 42r)T). The 
acid, H2A-f4H20, crystallises in monoclinic 
tablets and loses 2H2O when dried in vacuum 
and the remainder when dried at 125°; the 
product dissolves in an equal weight of water at 
20°. The following salts and the parts of water 
to dissolve 1 part of the salt at 18° are described 
by Fierz-David {l.c.); Na2A+2H20, 9 parts; 
K2A+2H2O, 16 parts; CaA-f-2H20, lOparts ; j 
SrAq-HgO, 96 parts, BaAq-HgO, 470 parts; I 
MgA'f 6 H 20 , 22 parts; ZnA-j GHgO, 28 
parts; CoA-f-GHgO, 46 parts; NiAq GHgO, 
73 parts ; CuA-f GHjO, 21 parts ; PbA-f SHgO, 
82 parts. According to Ewer and Pick (G.P. 
41934) the lead, hariumy and calcium salts are 
easily soluble in water but when dehydrated dis- 
solve only very slowly. 

The benzyUtp-thiocarbamide salt of naphtha- 
lene- l:6-disulphonic acid crystallises in fiat 
tabular form, m.p. 244-245° (decomposition) 
and has solubility in g. per litre of 0-2N.-hydro- 
chloric acid 0-16/20° and 77-6/100° (Chambers 
and Scherer, Ind. Eng. Chem. 1924, 16, 1272). 

Reactions and Uses. — ^Fusion with caustic 
soda according to the severity of the conditions 
leads to the technically important products, a- 
naphthol-b-sulphonic acid and l:b-dihydroxy- 
napihalene. By further sulphonation and nitra- 
tion, followed by reduction the technically 
important a - naphthylamine - 4:6:8 - trisulphonic 
acid is produced. Nitration of the sulphonation 
reaction mass is the technical route to a-niiro- 
naphthaleneAiS-disulphonic acid and P-nitro~ 
naphihalcTieA'.H-disulphonic acid, there being 
simultaneous producton of a-nitronaphtkalene- 
3:S-disvlphonic acid from the naphthalene- 1:0- 
disulphonic acid contained in the sulphonation 
mass. 

Naphthalene- l: 6 -di 8 ulphonic acid is also an 
important product in the preparation of stabil- 
ised diazo-compounds {v, Diazo -compounds, 
Vol. Ill, 6896; Dyestupfs, Azo; Vol. IV, 
231c). 

(v) Naphthalene-l; 6 -disulphonic Acid. — 
This acid is always formed, though in the smaller 
proportion, when naphthalene- l: 6 -disulphonic 
acid is made. To obtain the product in larger 
proportion, it is necessary to start either from 
isolated so^um naphthalene-j 8 -sulphonate (Ewer 
and Pick, G.P. 46229) or from a jS-monosulphona- 


tion mass from naphthalene. Thus, Fierz-David 
and Hasler (Helv. Chim. Acta, 1923, 6 , 1136) 
prepared sodium naphthalene- l:6-disulphonate 
by first sulphonating naphthalene (128 g.) with 
monohydrate (200 g.) at 165° for half an hour, 
cooling to 30° and completing the disulphona- 
tion by adding 275 g. 10% oleum and heating 
for 9 hours at 40°. The diluted reaction mass, 
neutralised with barium carbonate, gave the 
sparingly soluble barium naphthalene- l:6-di- 
sulphonate as a precipitate, along with barium 
sulphate, and from the filtered solution contain- 
ing barium naphthalene- 1 :6-di8ulphonate the 
sodium salt was obtained by addition of sodium 
carbonate, and concentration of the filtered 
solution. The yield was 40-45% of theory. If 
naphthaleno-jS-sulphonic acid is used as starting 
material the yield is 55-60% of theory. 

Arylamine salts are ineffective for the separa- 
tion of the naphthalene-1 :5- and LO-disulphonic 
acid but may be used for their characterisation. 
The (x-'tiaphthylamine salt of the liG-isomer has 
m.p. 272° while that of the l:5-isomor has m.p. 
231° (Forster and Hishiyama, J.S.C.I. 1932, 51, 
298t). 

Identification. — The chloride has m.p. 129° 
(Armstrong and Wynne, Proc. C.S. 1886, 2, 232 ; 
1888, 4, 106) and is convertible to l:^-dichloro- 
naphthalene. The amide has m.p. 297-298°. 
The acid, H2A-I-4H2O, crystallises in monoclinic 
prisms, which, in c:ontrast to the l:5-i8omor, loses 
water not in stages but gradually, either under 
vacuum or wh(‘n heated at ordinary pressure, 
finally melting at 1 25° with decomposition. The 
following solubilities in parts of water at 18° to 
dissolve 1 part of product have been deter- 
mined ; Acid, H2A+4H2O, 0-61 parts ; 

NagA-fBHgO, 3 parts; KgA anhydrous, 6 
parts ; (N H^lgA-f 2H2O, 2 parts ; CaA-{-4H20, 
10 parts; SrA-f SHgO, 10 parts; BaA-f3'6H20, 
16 parts at 100°; ZnA-fBHgO, 3 parts; 
C0A-I-6H2O, 5 parts; NiA-f-GHgO, 5 parts; 
CuA-f4H20, 2 parts; PbA4-4H20, 12 parts 
(Fierz-David, J.S.C.I. 1923, 42, 426t). 

Reactions and Uses. — The onty technical im- 
portance of naphthalene- l-.O-disulphonic acid 
is that on nitration it produces mainly a-nitro- 
naphthalene-’SiS-disulphonic acid which by re- 
duction gives the important a-naphthylamim- 
3:S-disulphonic acid. This is the desirable route 
if the requirement of the latter is in excess of 
that recovered from nitration of the naphthalene- 
l:5-disulphonation product {see supra). Sul- 
phonation leads to naphthalene-1 :3:Q -trisulphonic 
acid and fusion with caustic soda gives 1:6- 
dihydroxynaphthalenc . 

(vi) Naphthalene-l:7-disulphoni'c Acid is 
of no technical importance. For its formation, 
see footnote, p. 280d. It can be prepared from 
a-naphthylamine-4:6-di8ulphonic acid by boiling 
the corresponding hydrazine with copper sul- 
phate solution (Armstrong and Wynne, Proc. 
C.S. 1890, 6, 126). 

Identification. — The chloride has m.p. 122-6° 
and is convertible into 1:1 -dichloronaphthalene 
(Armstrong and Wynne, l.c.). 

(vii) Naphthalene-l:8-disulphonic Acid is 
of no technical importance. It has been pre- 
pared from a-naphthylamine-8-su^honic acid 
by oxidation of the corresponding thionaphthol- 
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Bulphonic acid with permanganate (Bayer, 
B.P. 11466, 1892; Armstrong and Wynne, 
Proc. C.S. 1893, 9 , 168). 

Identification. — With phosphorus penta - 
chloride it forms an anhydride, m.p. 227^^. The 
potassium salt, KjA-f-HgO forms sparingly 
soluble, four-sided scales. 

(viii) Naphthalene-2:6-disulphonic Acid 
is formed in the smaller proportion in the pre- 
paration of naphthalcne-2:7-di8ulphonic acid 
and its preparation and isolation are described 
under the latter. There is no method known by 
which the prf)portion of the 2:6-i8omer can be 
substantially altered. 

Identification. — The chloride has m.p. 228- 
229° ; the solubility of the lead salt is 0-19 g. per 
100 c.c. water at 25° (Haller and Lynch, Ind. 
Eng. Chem. 1924, 16, 273). The barium salt is 
sparingly soluble. The calcium and potassium 
salts dissolve in 16 and 19 parts water, respec- 
tively, at 18°, and the sodium salt in 8-4 parts 
(Ebert and Merz, Bcr. 1876, 9 , 698). The 
benzyUtji-thiocarbamide salt has m.p. 200° (de- 
comp.) (Chambers and Scherer, Ind. Eng. 
Chem. 1924, 16, 1272). 

Reactions and Uses. — Naphthalone-2:6-disul- 
phonic acid has little technical use. By fusion 
with caustic soda according to the severity of 
conditions there is produced p-vaphthol-^-sul- 
phonic acid (usually made by sulphonating )3- 
naphthol) or 2:Q-dihydroxynaphthahne. On nitra- 
tion, a-nitronaphthale^ie-i^il-d/isulphonic acid is 
formed and on sulphonation naphthalene-l:Z:7 - 
trisulphonic acid. 

(ix) Naphthalene-2:7-disulphonic Acid is 
obtained along with the 2:0-i8omer and a smaller 
amount of l:6-isomer by high-temperature sul- 
phonation of naphthalene. Fierz-David and 
Hasler (Helv. Chira. Acta, 1923, 6, 1135), by 
sulphonating naphthalene (128 g.) at 165° by 
addition of 20 g. of 1 00% sulphuric acid followed 
by an additional 400 g. of sulphuric acid and 
heating 8 hours at 180°, found that there was 
formed a 65% yield of 2:7-i8omer, 25% of 2;6- 
isomor, and 10% of l:6-isomor. The presence of 
the l:6-i8omer in this typo of sulphonation was 
first noted by Armstrong (Ber. 1882, 15, 204). 
The original work on naphthalene-2:7-disul- 
phonic acid was by Ebert and Merz {l.c.) and 
their conclusion that on prolonged beating the 
2:7-isomer is converted to the 2:6-isoraer has 
been confirmed {see p. 2836), A typical process 
for the sulphonation is described by Simpson 
and Olsen (Ind. Eng. Chem. 1937, 29 , 1360). 
To 800 lb. of naphthalene heated at 160-160° is 
added 3,600 lb. 98% sulphuric acid during 2 
hours and the mass finally maintained at 160° 
for 3 hours. The method of separation em- 
ployed was based on the sparing solubility of the 
calcium salt of the 2;6-isomer in salt solution. 
The yield of 2:7-i8omer is 60% theory and of 
2:6-i8omer 36% theory. This method of separa- 
tion was first described in G.P. 48063 (Griinau, 
Landshoff, and Meyer) and depends on the fact 
that the calcium salt of the 2:6-i8omer is 
practically insoluble in hot or cold salt solution, 
the calcium salt of the 2:7-i8omer is moderately 
soluble in hot but sparingly soluble in cold salt 
solution and the small amount of calcium salt of 
the l:6-isom6r remains dissolved in cold salt 


solution. An earlier method of separating the 
2:6-isomer depended on dehydration of the 
calcium salts at 200-230° when the 2:6-isomer 
becomes very sparingly soluble (Freund, B.P. 
1069, 1883). 

Another method of sulphonation in which 
sodium naphthalene-jS-sulphonate is heated with 
sulphuric acid at 180° has been described by 
Baum (G.P. 61730). 

The vapour-phase sulphonation of naphthalene 
is said to produce mainly the 2:7-isomer. Naph- 
thalene vapour ascends a tower heated at 220- 
230°, down which trickles sulphuric acid, and 
because of the rapid reaction and subjection of 
the reaction product to heat for only a brief 
period transformation of the 2:7-i8omer to 2:6- 
isomer is impeded. The yield of 2: 7-isomer is 
75-85% (Gibbs, Ambler, and the Selden Co., 
B.P. 131970 ; Ambler, Lynch, and Haller, Ind. 
Eng. Chem. 1924, 16, 1264). 

Identification. — According to Haller and 
Lynch {ibid. 1924, 16, 273) the chloride has m.p. 
158-5-159-5°. The acid, which is very soluble 
in water, crystallises in long deliquescent needles. 
The salts of naphthaIeno-2:7-diHulphonic acid 
are more soluble than the (iorresponding salts of 
the 2:6-i8omor; Ebert and Merz (Ber. 1876, 9 , 
595) give the following composition of the salts 
of both isomers and the amount of water to 
dissolve 1 part of anhydrous salt at 18°. 


2:7-i8omer. 

PbA, 2 H 20 easily solublo. 
BaA, 2 H 20 82-2 parts. 
CaA,6H20 C-2 
K,A,2H20 1-4 

Na2A,6H20 2 2 


2:6-i8onier. 

PbA,H 20 sparingly soluble. 
BaA,H20 „ 

CaA 10-2 parts. 

K 2 A 19-2 „ 

Na2A,H20 8-4 „ 


The benzyl- tp4hiocarbamide salt of naphthakne- 
2:1 ‘disulphonic acid has solubility in g. per litre 
of 0*6n. hydrochloric acid 2*2/20° and 177*8/100° 
(Chamber and Scherer, Ind. Eng. Chem. 1924, 
16, 1272) and m.p. 205° (decomp.) (Chambers 
and Watt, J. Org. Chem. 1941, 6, 376). 

Reactions and Uses. — By sulphonation there 
is formed naphthakne-l:‘A:io-trisulphonic acid. 
By fusion with caustic soda there is formed, 
according to the strength of caustic soda and 
temperature of fusion, first p-naphthol-1 -sul- 
phonic acid (F-acid) and then 2:1 -dihydroxy - 
naphthalene. Nitration furnishes \:^-dinitro- 
naphthalene-^:Q-disulphonic acid. 

The main technical uses of naphthalene-2:7- 
disulphonic acid are for the production of j8- 
naphthol-7-sulphonic acid and as intermediate 
for the production of Lissamine Green V (I.C.I.) 
(Erio Green B, Geigy) by condensation with 
tetraethyldiaminobenzhydrol. 


Naphthalenktrisulphonic Acids. 

The technically most important naphthalene- 
trisulphonic acid is the l:3.*6-isomer which as the 
sodium salt has technical applications, but its 
main use is in non-isolated form as the inter- 
mediate stage to H-acid by nitration, reduction 
and fusion with caustic soda. The only other 
technically valuable trisulphonic acid is the 
l;3:6-i8oraer which in the non-isolated form is 
nitrated and reduced to give a-naphthylamine- 
4:6:8-trisulphonic acid, an important inter- 
mediate in the manufacture of the medicinal 
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product Bayer-206 (“ Antrypol,^' I.C.I.) ; also 
by fusion with caustic soda it furnishes K-acid 
(l:8-aminonaphthol-4:6-disiilphonic acid). 

According to Giirke and Rudolph, a naphtha- 
lene tn'sulphonic acid is obtained by the sul- 
phonation of naphthalene either with 8 times 
its weight of 24% anhydro-acid at 180'^, or with 
6 times its weiglit of 40% anhydro-af id at 80 - 
100"'; also by the suli)honation of naphthalene- 
mono- and di-sulphonic acids and their salts 
with a proportionately smaller quantity of 
anhydro-acid (G.P. 38281 ; B.P. 15716, 1885). 
Two acids, at least, are obtained by these pro- 
cesses, the l:3:5-trisulj)honic acid, which is the; 
(hief product at the lower temperature, as 
Erdmann states (Bor. 1899, 32, 3188), being 
j eplaced by the l:3:6-trisulphonic acid, the linal 
trisulphonation product at the higher tempera- 
ture (c/. Fierz and Schmid, Helv. Ohim. Acta, 
1921, 4, 381). As a third acid, the 1:3:7- 
derivative, can be obtained by the sulphonation 
of naphthalene-2:()-disulphonic acid, its presence 
in the mixture, although not recorded, is at least 
probable. 

The naphthalenetrisulphonic acids in which 
two of the three sulphonic groups are relatively 
in the we^a-position yield hydroxytoluic acids 
by digestion with caustic soda solution at 250"' 
(Kalle, G.P. 91201), and brown dyes, possibly 
derived from them, by digestion with sodium 
sulphide, and water at 240° (Kalle, G.P. 98439). 

(i) Naphthalene-l:3:5-trisulphonic Acid 
is formed when sodium naphthalene- l:6-disul- 
phonate (2 parts) is heated either with mono- 
hydrate (3 parts) during 1 hour at 60°, 67% 
anhydro-acid (2*8 parts) being then added 
gradually diiring a second hour at this tempera- 
ture, and the mixture afterwards heated at 90° 
during a further 3 hours, or until disulphonate 
is no longer precipitated from a sample by brine 
(Kalle, G.P.a. 11104; B.P. 1641, 1894; Erd- 
mann, Ber. 1899, 32, 3188), or with 20% 
anhydro-acid (6 parts), the temperature being 
gradually raised to 130° and maintained at this 
point until sulphonation as tested by brine is 
complete (Fischesser, G.P.a. 7059 ; Bayer, 
G.P.a. 7004; B.P. 17141o, 1893). It is also 
formed by oxidising with permanganate the 
thionaphthol or the sulphinic acid obtained 
from - naphthylamine - 4:8 - disulphonic acid 
(Bayer, G.P. 70296; B.P. 11466, 1892; 
Gattermann, Ber. 1899, 32, 1159). 

Identification. — The acid is very soluble in 
water, and its behaviour recalls that of the 
strongest non-volatile mineral acids ; the sodium 
salt, NUgA-f ^HgO, forms needles very soluble 
in water, but only sparingly so in dilute alcohol. 
The chloride^ rhombic prisms, m.p. 146° (Fis- 
^chesser, l.c.; Gatterman, l.c.) is convertible into 
l:3:i}-trichloronaphthalene (Kalle, l.c. ; G.P. 
82563). 

Reactions and Uses. — On sulphonation it yields 
naphthalene-hZ'.b'.l-tetrasulphonic acid. Fusion 
with caustic alkali converts it into a-naphthol- 
Si^-disulphonic acid and l:&-dihydroxynaphihu- 
lene-^’-sulpkouic acid, but digestion with strong 
caustic soda solution at 260° gives o-hydroxy-o- 
toluic acid (Kalle, G.P. 91021 ; B.P. 16559, 
1894). Nitration furnishes a-nitronaphthalene- 
4::6:S‘trisulphonic acid from which by reduction 


is obtained the technically important a-naphthyl- 
amine-4:6:S4risulphonic acid. 

(ii) Naphthalene-l:3:6-trisulphonic Acid 
is obtained when sodium naphthalene- 1:6- or 
2:7-disulphonatc is heated with twice its weight 
of 24% anhydro-acid, the temperature being 
raised gradually to 180° (r/. Giirke and Rudolph, 
G.P. 38281; B.P. 15716, 1885; Bayer, G.P. 
63015), or, mixed with 1 :3:5-trisulphonic acid, 
when naphthalene or sodium naphthalene-)3- 
sulphoiiate is heated with 40% anhydro-add at 
150-160° (Giirke and Rudolph, l.c.) and when 
naphthalene is heated with 3*5-4 times its weight 
of chlorosulphonic acid at 150° for an hour 
(Armstrong and Wynne, Proc. C.8. 1887, 3, 
146), It is formed also by eliminating the 
amino-group either fi om j8-naphthylamine-2:4:7- 
trisulphonic acid (Armstrong and Wynne, ibid. 
1890, 6, 125) or from jS-naphthylamino-3:6:8- 
trisulphonic acid (Dressel and Kothe, Ber. 1894, 
27, 2154). 

Frej)araHo7i. — Monohydratc (380 parts) is 
added very slowly to naphthalene (256 parts) 
at 165°, the melt kept at this temperature for 
an hour, then cooled to 75°, diluted with mono- 
hydrate (120 parts) cooled to 50°, and mixed 
cautiously with 60% anhydro-acid (900 parts), 
stirring being continuous, and finally heated at 
165° for 6 hours to ensure complete conversion 
of mono- iiRo tri-sulphonic acid, which without 
being isolated is then available for nitration. 
The yield of l:3:6-trisulphoni(‘ acid may amount 
to 60% of that calculated (H. E. Fierz-David, 
“ Dye Chemistry,” Churchill, 1921, p. 12). 

Jdcniificalion. — The sodium salt NagA f 5 H 2 O 
forms very soluble needles and the chloride 
small prisms, m.p. 194° (Armstrong and Wynne, 
l.c. ; Dressel and Kothe, l.c.). 

Reactions a7id Uses. — By fusion with 50% 
caustic sodh solution at 170-180° there is pro- 
duced a-naphthol-^:Q‘disulphonic acid (Violet 
acid) and with 90% caustic soda at 250° 1:6- 
dihydroxynaphihale7ie-*^-8ulphonic acid. By nitra- 
tion there is formed a-nitronaphthalene-‘6'.^'.%- 
irisulphonic acid which by reduction gives a- 
naphthylamine-Siir.H-trisidphonic acid (Koch acid) 
and this on fusion with caustic soda gives H-acid. 
The total reaction product of the sulphonation of 
naphthalene to trisulphonic acid in the form of 
its sodium salt finds some application os a 
stabiliser for diazo-solutions (“ Azoguard ”). 
Sodium naphthalene-l:3:6-tri8ulphonate, par- 
ticularly as the total crude reaction product, has 
a solubilising effect on other products. Thus, 
Korolev, Bilik, and Tscheksanova (B. 1936, 
440) state that salts of naphthalene- l:3:6-tri8ul- 
phonic acid yield colloidal solutions in water and 
act as protective colloids, for example, retarding 
or preventing the precipitation of the benzidine 
salts of naphthalene-2:6- and 2:7-disulphonic 
acids. 

(hi) Naphthalene-l:3:7-trlsulphonic Acid 
is obtained when sodium naphthalene-2:6-disul- 
phonate (1 part) dissolved in monohydrate (3 
parts), is heated with 60% anhydro-acid (1 part) 
on a water bath until a test, on addition of 
common salt, gives no separation of the disul- 
phonate (Cassella, G.P. 75432). It is also formed 
by oxidising with permanganate the thio- 
naphthols from a - naphthylamine - 3:7 - disul- 
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phonic acid and )3 - naphthylamine - 0:8 - disul- I Schmid (l.c.^ have reached the following con- 


phonic acid (Bayer, G.P. 70200; B.P. 11465, 
1892), and by eliminating the amino-group from 
j8-naphthylamine-3:5:7-trisulphonic acid (Dressel 
and Kothe, Ber. 1894, 27, 1203). 

Identification — The ^ chloride forms large 
prisms, m.p. 165-100” (Dressel and Kothe, l.c.). 

Reactions. — On sulphonation it yields tuiphtha- 
lene-l:^:5:7 -tetrasulphonic acid. Digestion witJi 
50% caustic soda solution at 260° converts it into 
p-hydroxy-o-toluic acid (Kalle, G.P. 91201; 
B.P. 16559, 1894). Nitration furnishes a-nilro- 
naphthalene-SiCr. 7 -trisulphonic acid, 

(iv) Naphthalene-l:4:8-trisuIphonic Acid 
is obtained by oxidising with permanganate 
the thionaphthol or the sulphinic acid prepared 
from a - naphthylaraine - 4:8 - disulphonic acid 
(Bayer, G.P. 70290 ; B.P. 11405, 1802 ; Gatter- 
mann, Ber. 1899, 82, 1156). 

Identification. — The chloride forms clusters of 
needles, m.p. 156-157° (Gattermann, l.c.). 

(v) Naphthalene-2:3:6-trisulphonic Acid, 
obtained by oxidising with permanganate the 
thionaphthol from ^-naphthylamino-3:0-disul- 
phonic acid (Bayer, l.c. ; Armstrong and Wynne, 
Proc. C.S. 1893, 9, 168), is also the product 
formed by eliminating the amino-group from jS- 
naphthylamine-3:0:7-tri8ulphonic acid (Dressel 
and Kothe, Ber. 1894, 27, 1202). 

Ide7Uifimtion. — The potassium salt (-f SHgO) 
is microcrystalline ; the chloride forms flat 
prisms, m.p. 200° (Armstrong and Wynne, l.c.). 

The following acids : 

(vi) Naphthalene- l:2:5-trisulphonic acid, 

(vii) Naphthalene- l:2:6-tri8ulphonic acid, 

(vhi) Naphthalene- l:3:8-trisulphonic acid, 

(ix) Naphthalene-1 :4:7-trisulphonic acid, 

obtained, like the 2;3:6-tri8ulphonic acid, from 
the corresponding thio-a- or -jS-naphtholdisul- 
phonic acids by oxidation, form sodium salts 
which are very soluble in water (Bayer, l.c.)^ but 
have not been further described. 

Naphthalenetetrasulpiionic Acids. 

The naphthalenctetrasulphonic acids have no 
technical importance. Each of the two methods 
employed for the tetrasulphonation of naphtha- 
lene has been stated to furnish more than one 
tetrasulphonic acid. Senhofer (Monatsh. 1882, 
8, 11 1), by using a mixture of sulphuric acid with 
phosphoric oxide at 200° for 3-4 hours obtained 
a product which by fractional crystallisation of 
the mixed barium or copper salt furnished an 
acid now identified by Fierz and Schmid as the 
1:3: 5: 7 -tetrasulphonic acid (Helv. Chim. Acta, 
1921, 4, 381). With 40% anhydro-acid at 100” 
for 9 hours, or with chlorosulphonic acid (Bayer, 
G.P. 40893), at least two tetrasulphonic acids 
were said to be formed, and to avoid the pro- 
duction of isomers, the 2:0-disulphonio acid 
replaced naphthalene in later developments of 
the process (Bayer, G.P. 79054 ; 80464 ; B.P. 
25074, 1893 ; c/., however^ G.P. 89242), furnish- 
ing, like the l:3:7-tri8ulphonic acid under similar 
conditions, a tetrasulphonic acid, the chloride of 
which melted at 261-262° (Bayer, G.P.a. 7224 ; 
B.P. lx.). 

On reinvestigating the subject, Fierz and 


elusions : 

1. That ciKTgetic sulphonation with an- 

hydro-acid converts naphthalene into 
a mixture of the l:3:6-trisulphonic and 
ihti 1 :3:5:7-tetrasiilphonic acids ; 

2. That the l:3:6:7-dorivative is the only 

tetrasulphonic acid arising from the 
sulphonation of naplithalonc ; 

I 3. That this tetrasulphonic acid is formed 
very readily in the melt, but indepen- 
denlly of the l:3:6-trisulphonic acid 
unless, by the use of only weakly 
fuming sulphuric acid, isomerisation 
occurs followed by further sulphona- 
tion. They further suggest that the 
simultaneous formation of the tri- and 
tetra-sulphonic acids accounts to a 
large extent for the apparent loss of 
material in the production of H-acid 
from the trisulphonation melt, in 
which only the trisulphonic acid can be 
nitrated. 

(i) Naphthalene - 1:3:5:7 - tetrasulphonic 
Acid is obtained when calcium naphthalcne- 
2;6-di8ulphonatc, dried at 200°, is heated with 
3 times its w'cight of 25% anhydro-acid at 90° 
during 4 hours and then at 200° during 6 hours. 
The i)roduct is converted into sodium salt, 
which can be separated from a hot concentrated 
solution by common salt as a heavy sand-like 
precipitate (Bayer, G.P. 79054; B.P. 25074, 
1893). 

Identification. — The barium, salt, 

BagA+MHgO, 

is efflorescent, that with 8H2O is stable in the 
air (Fierz and Schmid, l.c.). The chloride forms 
very sparingly soluble, compact, cubical crystals, 
m.p. 201-202° (Bayer, G.P.a. 7224 ; Fierz and 
Schmid, l.c.). 

Reactions. — Fusion with caustic alkali con- 
verts it into l:3:5-trihydroxynaphthalene-l-sul- 
phonic acidy but digestion with 16% caustic soda 
solution furnishes a-naijhthol-^'.b-.l -trisulphonic 
I acid and with 60% solution a mixture of the 
I isomeric li'd-dibydroxy^iaphthalene-biT- and 1:6- 
dihydroxynaphlhalene-Z\l -disulphonic acids. It 
cannot bo nitrated. 

(ii) Naphthalene - 1:3:6:7 - tetrasulphonic 
Acid has been prepared by oxidising with per- 
manganate the thionaphthol obtained from j3- 
naphthylamine-3:6:8-triBulphonic acid (Bayer, 
G.P. 70296; B.P. 11465, 1892). 

Identijicaiion. — The sodium salt forms a very 
soluble granular mass. The chloride crystallises 
in needles, m.p. 309-310°, sparingly soluble in 
benzene (Bayer, G.P.a. 7224). 

(iii) Naphthalene - 1:3:6:8 - tetrasulphonic 
Acid is obtained similarly from a-naphthyl- 
amine-3:6:8-tri8ulphonic acid. 

Identification. — The barium salt is only 
sparingly soluble, but the crystalline sodium salt 
easily soluble in water. The chloride, short 
prisms, m.p. 282-283°, dissolves only very 
sparingly in benzene, but more readily in acetone 
(Bayer, l.c.). 
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NITRONAPHTHALENES. 

The action of nitric acid on naphthalene was 
first studied by Laurent who described a-nitro- 
naphthalene under the name nitronaphthalase 
(Ann. Chim. Phys. 1835, [iij, 69, 376; cf. Laute- 
mann and Aguiar, Bull. Soc. chim., 1865, [ii], 
8 , 261). The first product of nitration is a- 



nitronaphthalene, accbmpanied by a small pro- 
portion of ^-nitronaphthalene {see later) and 
dinitron aphthalenes. Dinitration gives 1:6- and 
l:8-dinitronaphthalene, and the further nitra- 
tion products, neglecting any arising from j8- 
nitronaphthalone, are shown in the following 
scheme : 



It will be noted that, unlike sulphonic groups, 
two nitro-groups can take up 1:2-, 1:4-, and 1:8- 
positions in the naphthalene ring. Nitration 
resembles sulphonation in that the di -substitution 
products are wholly heteronuclear. 

By reduction, usually with iron and dilute 
sulphuric acid, the nitronaphthalcnesulphonic 
acids are converted into the corresponding 
naphthylamincsulphonic acids, which in not a 
few c-ases are of technical importance, being 
isomeric with those obtained from the naphthyl- 
amines by sulphonation. 

Unlike nitrated hydrocarbons of the benzene 
series, the nitronaphthalenes are of little im- 
portance as explosives. Crude tetranitronaph- 
thalene, for example, obtained by heating crude 
dinitronaphthalene with 16 times its weight of a 
mixture containing 30% of nitric acid (/> 1*5) 
and 70% of sulphuric acid at a temperature not 
exceeding 130° for an hour, is almost insensitive 
to detonation and percussion, and when heated 
burns quietly with a smoky flame without ex- 
plosion (Escales, Nitrosprengstoffe, ed. 1915, 168, 
331). Dinitronaphthalene (mixture of 1:6- and 
1:8- isomers) is used to some extent in blasting 
explosives {see Vol. IV, 474o-4766). 

Mononitronaphthalbitbs 
a-Nitronaphthalene, for laboratory pur- 
poses, may be prepared by adding very finely 


powdered naphthalene (128 g.) to a mixture of 
60% nitric acid (103 g.) and 80% sulphuric acid 
(3()0 g.) stirring continuously for 6 hours at 
50°, and completing the reaction at 60° for 1 
hour. The product, boiled with water to remove 
acid and unchanged naphthalene, may be freed 
from dinitronaphthalene by extraction with 
carbon disulphide (c/. Beilstein and Kuhlberg, 
Annalen, 1873, 169, 81). Recently, Fierz-David 
and Sponagel have studied the nitration of 
naphthalene. They showed that the nitration 
product obtained as above contains about 0-4% 
of 2:4-dinitro-a-naphthol, which can be removed 
by aqueous caustic soda. Subsequent distil- 
lation at 12 mm. gives a mixture of mononitro- 
naphthalenes of setting point 49-51° containing 
4*6% of j3-nitronaphthalene (yield about 94-5%), 
leaving a residue containing 1:5- and l:8-dinitro- 
naphthalenes. Pure a-nitronaphthalene is ob- 
tained by several recrystallisations of the distil- 
lation product from ethyl alcohol and light 
petroleum. The authors give a melting-point 
diagram for mixture of a- and )3-isomers; the 
eutectic mixture contains 56% of a-nitro- 
naphthalene (Helv. Chim. Acta, 1943, 26 , 98). 

On the manufacturing scale, high quality 
naphthalene crystals are nitrated in a jacketed 
cast-iron pan at a temperature rising to 60°, 
cooling being necessary. The nitrating agent 
may mixed nitric-sulphuric acid or a mixture 
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of sulphuric acid and sodium nitrate. iSirnilar 
processes have been described by Witt (Chem. 
Ind. 1887, 10, 216) and Hochst‘(G.P. 201623). 
When nitration is complete the batch is allowed 
to separate into two layers, the lower layer of 
spent acid is run off, and the molfen nitro- 
naphthalcne is run into hot water and well 
washed with water and dilute alkali. If a purer 
product is required it may be obtained by cry- 
stallising from solution in one-fourth of its weight 
of solvent naphtha (Paul, Z. angew. Chem. 
1897, 10, 146) or by sweating (I)u Pont, U.S.i^. 
1836211). 

Idenfijjcatioyi. — Pure a-nitronaphthalene cry- 
stallises in slender lustrous needles ; it is odour- 
less and has m.p. 57-8° (block, Eierz-l)avid and 
Sponagel, Lc. ; Enz and Pfistcr, ibid. 1930, 13, 
194, gave 56*5°). it is practically non-volatile 
in steam, readily soluble in benzene and its 
homologues, carbon disulphide, ether, and hot 
alcohol ; 1 j)art dissolves in 3f)--36 parts of 

87-5% alcohol at 15^. Its vapour attacks the 
eyes, and it is poisonous. 

Hv.actions. — With chromic acid in acetic acid 
solution it is oxidised to ^-nitrophthallc acid 
(Beilstein and Kurbatow, Annalen, 1880, 202, 
217); with 5% potassium permanganate to 3- 
nitrophthalonic acid and '^-nitrophthalic acids 
(P>iedlandcr and Weisberg, Ber. 1895, 28, 1642), 
but with cupric or ferric oxide and caustic soda 
solution at 250° to a mixture of phthalic and 
benzoic acids (Bindschedler, G.P. 136410, 
140999; B.P. 15527, 1901). Alkaline per- 
manganate oxidation followed by treatment 
with aniline gives the aniline salt of phthalonic; 
a('id, the nitro-containing ring being attacked 
in this case (Gardner, J. Amer. Chem. 8oc. 
1927, 49, 1831). When oxidised in the vapour 
phase by a large oxc'ess of air in juesence of 
vanadic oxide at 340-350°, itgivTsrise to a mix- 
ture of phthalimide and phthalic anhydride 
(Green, J.S.C.I. 1932, 51, 147t). 

When boiled with ammonium sulphite solu- 
tion it is converted into a mixture of a~naphthyl~ 
amine-^-mlphonic and A-sulphonic acids, but 
with sodium bisulphite solutioji into a- 7 iaphthyl- 
amine-2-A'disulphonic acid mixed with a small 
amount of the A-sulphonie acid. Reduction in 
acid solution converts it into a-naphthylamine. j 
With excess of hydrogen, in contact with finely 
divided copper at 330-350°, it also gives a- 
naphthylamine, but with nickel at this tempera- 
ture not only a-naphthylamine but tetrahydro- 
'iiaphthalene, amrnoyiia, and naphthalene are pro- 
duced (Sabatier and Sonderens, Compt. rend. 
1902, 135, 226). In alcoholic solution with 
sodium amalgam, azoxyriaphthaleiie is formed 
(Jaworsky, J. pr. Chem. 1865, [ij, 94, 285). For 
its reduction to tetrahydro-a-naphthylamine, 
see pp. 4136, 4196. 

When a-nitronaphthalene, dissolvcni in ben- 
zene or carbon tetrachloride, is chlorinated in 
the presence of iodine or ferric chloride, 1:5- and 
liS-chloronitronaphihalenes are obtained to- 
gether with nitronaphthalene chlorides which, 
when heated in a vacuum, furnish naphthalene 
and chloro-, dichloro-, and trichloro-naphthalenes 
(Buffle and Cordaz, A. 1932, 1241). 

a-Nitronaphthalene with sod amide and piper- 
dine gives l-nitroA-piperidinonaphthalenef m.p. 
VoL. VIII.— 19 


73-5-74°, reducible to 1 -amino-4- piperidino- 
naphthalene, m.p. 78-79° (Bradley and Robinson, 
J.C.S. 1932, 1254). 

^-Nitronaphthalene is formed in small 
quantity in the nitration of naphthalene but 
must bo prepared by indirect methods. 

Preparation . — It can be obtained from 2-nitro- 
a-naphthylamine by the diazo-reaotion (Lell- 
mann and Reniy, Ber., 1886, 19, 236; Lell- 
mann, ibid. 1887/20, 891) ; in 7% yield from p- 
diazonaphtlialcnc nitrite by treatment with 
cupnnis oxide (Saudmeyer, ibid. 1887, 20, 
1496); in 25% yield, from diazotised j8-naph- 
thylaminc sulphate by interaction with cupro- 
cupric sulphitt^ and potassium nitrite solution at 
th(; ordinary temperature (Rantzsch and 
Blagden, ibid. 1900, 33, 25.54) ; in 30% yield 
from 2-nitro-a-naphthylamine (Hodgson and 
Kilner, 1926, 7 ; Hodgson, Leigh, and 

Turner, J.G.8. 1942, 744); and from j8-nitro- 
tetralin by brominatioii and dehydrobromina- 
tion (Tetralin G.m.b.H., G.R. 332593; see also 
G.r. 299014; von Braun et al., Ber. 1922, 55 
[BJ, 1687). 

Identification. — It crystallises from dilute 
alcohol in small yellow neiidlcs, m.p. 79° (75-1° 
according to fiCnkhold, Anilinokras Prom. 1932, 
2, 16-17), has an oilour of cinnamon, and 
volatilises only slowly with steam. 

Jieaetions. — On sulphonation, it yields a mix- 
ture of ^-nitronaphthalenc-h- and -H-sulj)honic 
acids. When warmed with methyl alcoholic 
potash it gives 2-nitroso-a-naphthol. When 
nitrated in sulphuric acid solution it gives 
\:8:8-tri7iitro- , but in glacial acetic acid solution 
2;5- and 2:8-dinitro-naphihalene, melting at 160- 
161-5° and 156° respectively (Vesely and JakeS, 
Bull. 8oc. chim. 1923, [iv], 33, 952). On reduc- 
tion with zinc and alcohol it gives azoxy-, azo-, 
and Ayrfroaso-compounds in the same way as 
nitrobenzene (Gumming and 8t<?el, J.C.S. 1923, 
123. 2464 ; Gumming and Ferrier, ibid. 1924, 
125, 1108). 

N JTRONAPKTU A r.ENESlTLPHON 10 ACIDS. 

The known nitronaphthalcnesulphonic acids 
are mostly a-nitro-corapounds and arc obtained 
either by sulphonation ol‘ a-nitronaphthalone or 
by nitration of naphthalene- a- or -jS-monosul- 
phonie acids. The products from each of these 
sources are : (S^SOgH). 

(a) By sulphonation of a-nitronaphthalene : 



(6) By nitration of naphthalene-a-sulphonic 
acid : 


S NOo S S 
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(c) By nitration of naphthalene -j3-snlphonic 
acid : 



I'he separation of the isomeric acids obtained by 
these methods is not easy, and for technical pur- 
poses is not attempted, as the naphthylamine- 
Bulphonic acids, for the production of which 
they are made, can be isolated from the respec- 
tive reduction products with much less difficulty. 

On comparing these products of the nitration 
of naphthalenemonosulphonic acids with those 
of naphthalene- di- and -tri-sulplionic acids {sec 
pp. 292, 293) it will be noticed that the former 
always, but the latter only rarely, furnish 
isomers ; also that the nitro-group can assume 
the l:4-(para-) or the l:S-{peri-) but ncjt the 1:2- 
{ortho-) position relatively to the sulphonic- 
group. 

Certain nitronaphthalcnesulphonic acids have 
shown photosensitivity, particularly the J;8- 
and l:2-isomors; some have found application 
in tanning agents. The nitration of naphtha- 
lene-mono-, -di-, and -tri-sulphonic acids in 
presence of sulphuric acid under a wide range of 
experimental conditions has been studied by 
R. Lantz (Bull. Soc. chim. 1939, [v], 6, 280). 


Nitronaphthalenemonosul phonic Acids. 

(i) a-Nitronaphthalene-2-sulphonic Acid, 
obtainable from a-naphthylamino-2-8ulphonic 
acid by diazotisation and treatment with copper 
bronze or cuprous compounds, gives a chloride, 
m.p. 120*5° ; amide, m.p. 214*3° (Voroschcov 
and Koslov, A. 1933, 386). 

(ii) a-Nitronaphthalene-3-sulphonic Acid 
(Cleve’s [y-]nitronaphthalenesulphonic acid), 
formed in small amount when sodium naphtha- 
lene-)3-sulphonate is nitrated {see the 6-8ulphonic 
acid), is obtained from the sulphonyl chloride by 
boiling with water (Cleve, Ber. 1886, 19, 2179; 
c/. Armstrong and Wynne, Proc. C.S. 1896, 11, 
239). 

Identification . — ^The lead salt, PbAg+SHgO, 
barium salt, BaAg+SHgO, and potassium salt, 
KA, crystallise in sparingly soluble needles. 
The chUmide forms needles, m.p. 140°, convertible 
into I’.^-dichloronaphthalene. Reduction con- 
verts the acid into a-naphthylaminc’^-sulphonic 
cu:id (Cleve, l.c.). 

(iii) a - Nitronaphthalene - 4 - suiphonic 
Acid, formed in small quantity by the nitration 
of sodium naphthalene-a-sulphonate {see the 
6-Bulphonic acid), is isolated from the product 
by means of its chloride (Cleve, Ber. 1890, 23, 
969). 

Iderdification . — The barium salt, BaA.-f- HjO, 
forms needles soluble in 66 parts of cold and 33 
psrts of boiling water; the calcium salt, 
CaAj-f-2HjO, scales soluble in 37 parts of 
water at 17® and 16 parts at 100° ; the potassium 
salt, KA, needles; and the sodium salt, 


NaA+ HjO- needles. The chloride forms prisms, 
m.p. 99°. Reduction converts the acid into a- 
naphthylamineA-sulphonic acid (Cleve, l.c.). 

(iv) a - Nitronaphthalene - 5 - suiphonic 
Acid (Cleve’s [a-]acid) is obtained as chief pro- 
duct (about 80%) when a-nitronaphthalene is 
sulphonated with anhydro-acid ; but as minor 
product (20-30% ; see the 8-sulphonic acid) 
when sodium naphthalene - a - sulphonate is 
nitrated. It is said to bo the only product of 
the interaction of a-nitronaphthalene and 
chlorosulphonic acid (Armstrong and William- 
son, Proc. C.S. 1886, 2, 233). 

Preparation. — (1) Finely divided dry a-nitro- 
naphthalene (20 parts) is added to a mixture of 
sulphuric acid (35 parts) and 24% anhydro-acid 
(25 parts) at such a rate that the temperature 
does not rise above 90°, and the mixture main- 
tained at this temperature during 8 hours or 
until Bulphoiiatioii is complete. The product, 
l)oured on to an equal weight of ice, gives a 
crystalline separation of the pure 5 -suiphonic 
acid (Witt, Cliein. Irul. 1887, 10, 218). From 
the mother-liquor, the isomeric 6- and 7-8ul- 
phonic acids can be isolated by conversion into, 
and fractional crystallisation of, the iiitronaph- 
thalencsulpbonyl chlorides (Palmaer, Ber. 1881, 
21, 3260). 

(2) The formation of dark resinous sub- 
stances, unavoidable when a-nitronaphthalene is 
sulphonated by anhydro-acid, docs not occur if 
fused salt is added to the acid in quantity suffi- 
cient to convert the dissolved anhydride into 
chlorosulphonic acid. Following this modified 
process, a-nitronaphthalcno (10 parts) is added 
to the mixed sulphuric and chlorosulphonic acids 
obtained from 20% anhydro-acid (26 parts), and 
the mixture heated on a water- bath until sul- 
phonation is complete (Erdmann, Aniialen, 
1888, 247, 315). 

Identification . — The acid, HA 4 - 4 H 2 O, cry- 
stallises in easily soluble pale yellow needles; 
the lead salt, PbAg-f SHgO, in scales ; and the 
barium salt, BaAg+SHgO, in sparingly soluble 
needles (Cleve, Bull. Soc. chim. 1875, [ii], 24 , 
610). The calcium salt, CaA2-f2H20, forms 
sparingly soluble needles; the potassium salt, 
KA-j- HgO, hexagonal tables soluble in 25 parts 
of water at 17° (Erdmann, Annalen, 1893, 276 , 
247); the sodium salt, NaA+JHjO, very 
soluble tables (Cleve, l.c.). The chloride, needles, 
m.p. 113°, is convertible into l:5-dichloronaphtha- 
lens (Cleve, l.c.). 

Reactions . — Reduction in acid solution con- 
verts it into a-naphthylamine-6-sulphonic ca:id; 
with sodium amalgam into a-naphthyla 7 mne 
(Claus, Ber. 1877, 10, 1303) ; and electro^ 
lytically into \-aminoA-naphtfiol-b-sulphonic 
acid, doubtless by transformation of the 
hydroxylamine first formed (c/. Fierz and 
Weissenbach, Helv. Chim. Acta, 1920, 8, 306). 
Nitration furnishes hS-dinitronaphtkalene-6-^8ul> 
phonic acid. 

(v) o-Nitronaphthalene-6-sulphonic Acid 
(Cleve’s [d-]acid). A mixture of this add with 
about an equal quantity of the 7-sulphonic 
acid forms almost the entire product of the 
nitration of sodium naphthaiene-)3-sulphonate, 
the S-sulphonic acid being present only in v^ 
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Bmall amount. A mixture of the 6- and 7- 
sulphonic acids constitutes the minor product 
of the sulphonation of a-nitronaphthalene {see 
the 5-sulphonic acid). 

Preparation. — (1) Sodium naphthalene- jS-sul- 
phonate (23 parts) is stirred into sulphuric acid 
(115 parts) at a temperature not exceeding 30°, 
the whole cooled to U°, and a mixture of nitric 
acid (7 parts HNOg) and sulphuric acid then 
added at 0-10°, the nitration being completed 
at this temperature. After removal of the 
excess of sulphuric acid by lime, the filtrate is 
used either for the isolation of the 6- and 7- 
sulphonic acids or for their reduction to the 
corresponding a-naphthylaminesulphonic acids 
(Cassella, G.P. 67017; B.P. 6972, 1891; c/. 

G.P. 85058). 

(2) Sodium nai^hthalone-^-sulphonate is stir- 
red into cold nitric acid, p 1-3, the mixture 
warmed to complete the nitration, and the 
product converted into barium salt. By extrac- 
tion of this salt with boiling water, the greater 
part of the s])ariiigly soluble 6-sulphonate 
remains undissolved. separate the remainder, 
the filtrate, which in addition t'on tains the 7- 
and S'isomers, is evaporated to dryness, tlie 
residue converted into chloride, and this ex- 
tracted by carbon disulphide, in which the 7- 
aulphonyl chloride is only simringly soluble. 
The 6- and 3-8ulphonyl chlorides are then 
separated by fractional crystallisation from the 
solution (Gleve, Bull. Soc. chim. 1876, [ii], 26, 
444; 1878, [ii], 29, 414; Ber. 1886, 19, 2179; 
c/. Erdmann and Silvern, Annalen, 1893, 275, 
251). 

Identificatiov. — The acid crystalfises in readily 
soluble brown needles ; the barium salt, 
BaAg-f HgO, in needles soluble in 782 parts of 
water at 22°; the calcium salt, CaAg i-HgO in 
scales ; the potassium salt, KA, in tables 
soluble in 29 parts of water at 20° ; the sodium 
salt, NaA+SHgO, in crusts consisting of scales. 
The chlcyridc forms prisms, rn.p. 125'5°, con- 
vertible into l:G-dichloronaphthalene (Cleve, l.c.). 

Reactions. — Reduction in acid solution con- 
verts it into a-naphthylamine-ij-sulphonic acidy 
and electrolytically into l-aminoA-naphtliol-Q' 
svXphonic acid (cf. Fierz and Weissenbach, l.c.). 
Nitration furnishes \:S-dinitronaphthalene~Q-sul- 
phonic acid. 

(vi) a - Nitronaphthalene - 7 - sulphonic 
Acid (Cleve’s [0-] or [8-]nitronaphthalenesul- 
phonic acid) conslituies about one-half of the 
product when either sodium naphthalene-jS- 
sulphonate {see the 6-8ulphonic acid ; cf. 
Cassella, G.P. 85068), or naphthalene-)5-sul- 
phonyl chloride (Erdmann and Suvem, Annalen, 
1893, 276, 238) is nitrated, but is formed only 
in small amount when a-nitronaphthalene is 
sulphonated (see the 5-8ulphonie acid). 

Identification. — The acid forms brown needles, 
very soluble in water, but, unhke the 6 -sulphonic 
acid, is almost insoluble in concentrated hydro- 
chloric acid, and less soluble than it is in 33% 
sulphuric acid. The barium bbH, BaAj+SiH.O, 
forms granular aggregates of needles, soluble, 
when anhydrous, in 377 parts of water at 17° 
but in 9*1 parts of boiling water; the calcium 
salt, very soluble needles ; the potassium salt, 
KA+JHjO, needles readily soluble in water; 


the sodium salt, spherical aggregates of needles 
(Palmaer, Ber. 1888, 21, 3261). The chloride 
forms prisms, m.p. 169°, convertible into 1:7- 
dichloronaphlhalenc (Clove, Bull. Soc. chim. 
1878, [iij, 29, 414 ; Armstrong and Wynne, 
Proc. C.S. 1889, 5, 19). 

Reactions. — Reduction in acid solution con- 
verts it into a-naphthylamine-7-sulphonic acid, 
and electrolytically into l-amino-4-iiaphthol-7- 
sulphonic acid {cf. Eierz and Weissenbach, l.c.). 
Nitration furnishes l:5-diiiitronaphthalene-7- 
sulphonio acid. 

(vii) a - Nitronaphthalene - 8 -sulphonic 
Acid is obtained as chief product (60-70%; 
see the S-sulphonic acid) when sodium naphtha- 
lene-a-aulphonate is nitrated. 

Preparation. — (1) 8odium naphthalene-a-sul- 
phonate (4 parts) is stirred into nitric acid, p T45 
(6 parts), and the product converted into calcium 
salt. Prom the solution of the calcium salt, the 
greater part of tlie 5-sulphonate is separated by 
concentration, the more soluble 8-sulphonate 
being contained in the mother-liquors (Clevo, 
Ber. 3890, 23, 958). For technical purposes the 
separation is unnecessary, as the corresponding 
naphthylaminesulphonic acids differ to a much 
greater degree in solubility, and are more easily 
isolated {cf. 8chollkopf, G.P. 40571 ; B.P. 15776, 
1885). 

(2) The acid can be obtained by stirring 
naphthalene-a-sulphonyl chloride into 3 times 
its weight of nitric acid, p 1*475, at —5°, extract- 
ing the a-nitronaphthalene-4- and -S-sulphonyl 
chlorides from the product by carbon disulphide, 
in which the 8-isomcr is almost insoluble, and 
hydrolysing the residue (Erdmann and Suvern, 
Annalen, 1893, 276, 237 ; cf. Reissert, Ber. 
1922, 55 [B], 862). 

Identification. — The acid forms needles; the 
barium salt, BaA 2 -f 2 ^H 20 , crusts; the cal- 
cium salt, CaAg-f 4 J H 2 O, scales ; the potassium 
salt, KAfHoO, needles, or KA-j-2^H20, 
scales, all easily soluble in w^ater. The chloride 
forms prisms, m.p. 161° (Erdmann and Suvern, 
l.c.). Reduction converts the acid into a- 
naphthylamine-S-sulphcmic acid. 

(viii) Nitronaphthalene - 1 - sulphonic 
Acid is formed from jS-naphthylamine-l -sul- 
phonic acid by a Sandmeyer reaction (Voro- 
schcov, Koslov, and Travkin, J. Gen. Chem. 
Russ. 1939, 9, 622). 

(ix and x) - Nitronaphthalene - 5 - sul- 
phonic Acid, mixed with the B-sulphonic acid, 
is obtained by sulphonating j8-nitronaphthalene 
with ice-cooled anhydro-acid, and separated 
from it by fractional crystallisation of the mixed 
chlorides from benzene. The 6-sulphonyl chlo- 
ride, prisms, m.p. 127°, is more soluble in benzene 
than the 8-sulphonyl chloride, needles, m.p. 
169-170° (Kappeler, Ber. 1912, 46, 634). 

Nitronaphthalenedisulphonic Acids. 

The nitronaphthalenedisulphonic acids are 
obtained for the most part from naphthalene- 
disulphonio acids by nitration. With two of 
these acids, viz. the naphthalene- 1:6- and 1:6- 
disulphonic acids, both a- and )3-nitro-derivatives 
are formed, the a-nitrodisulphonic acid being 
the chief product ; 



NAPHTHALENE. 


292 



Q Kin Q 



but with each of tlu^s 1:4-, and 2:7-(IiHul- 
phonio acids oidy one, and that the a-iiitro-acid, 
has been isolated ; 



NO2 


According to Lantz (Bull. Soc. chim. 1939, fv], 
6 , 280-289) the total number of substituents 
(SO3H and NOg) iu the naphthalene ring 
depends on the strength of sulphuric acid used 
in nitration. With 90% sulphuric acid 4 groups 
can enter, and with 100% sulphuric acid only 3. 

(i) a-Nitronaphthalene - 3:0 - disulphonic 
Acid (Alen’s [a-]acid; Freund’s acid) is ob- 
tained by nitrating sodium naphthalene-2: 7- 
disulphonate (33 parts) dissolved in sulphuric 
acid (50 parts), with 50% nitric acid (25 parts) 
in the cold. Or, if the product is to be used for 
reduction — as the presence of a-nitronaphtha- 
leno-3:7-di8ulphonic acid is then of no conse- 
quence — the melt, which also contains naphtha- 
lene-2:6-di8ulphonic acid, obtained by sul- 
phonating naphthalene (1 part) with sulphuric 
acid (5 parts) at 160° for 8 hours, is nitrated 
with 50% nitric acid (2 parts) in the cold 
(Freund, G.P., 27346; B.P. 1069, 1883; cf. 
Armstrong and Wynne, Proc. C.S. 1895, 11 , 82). 
Its chloride is formed, together with the 1:8- 
dinitronaphthalene-3:6-di8ulphonyl chloride by 
nitrating naphthalene-2:7-di8ulphonyl chloride 
with nitrosulphuric acid at the ordinary tem- 
perature (Alen, Bull. Soc. chim. 1883, [ii], 89 , 
63 ). 

Identijlzation , — The acid and salts crystallise 
in small needles ; the barium salt, Ba A-j- 6 H jO, 


is sparingly, the potassvwm salt, KgA-f-SHgO, 
and (sodium salt, NagA+BHgO, are readily 
soluble in water. The chloride forms needles, 
m.p. 140-141°, convertible into Xx'M^-trichloro- 
naphthakne (Alcn, Forhandl. 1884, 2 , 95 ; Cleve, 
Ber. 1892, 25 , 2487 ; Armstrong and Wynne, 
Lc.). 

Reactions . — Bcduction in acid solution con- 
verts it into a-naphthylamiyu’-'^di-disalphoyiic 
acid, and electrolytically into i-aminoA- 
7iaphtholA:(^-d is id phonic acid. With sodium 
amalgam it gives a-naphlhijlanrine (Alen, 
Forhandl. 1883, 8, 3). 

(ii) a-Nitronaphthalene - .3:7 - disulphonic 
Acid (Alen’s [|8-]acid) is obtained by nitration 
of na])hthalene-2:()-disulphonic acid, as described 
for the 3:()-di8ulphonic acid (Freund, l.c.). Its 
chloride is formed, as sole j)roduct, when 
naphthaIenc-2:6-disulphonyl chloride is nitrated 
with nitrosulphuric acid (Alen, Bull. 8oc. chim, 
18^3, fii], 39. 64). 

Identification.' — Tlw.hariam salt, BaA-j 2 H. 2 O, 
tablets; calciani salt, CaA j 2 H 2 O, mealies; 
potassium salt, K^A. needh's ; and sodium salt, 
Na 2 A-f 2 H 20 , needles, are leas soluble than 
the salts of the 3:6-acid. The chloride (with 1 
mol. CgHg from benzene) forms prisms, m.p. 
190-192°, convertible into 1:^:1 -trichloroyia j)hfha- 
lene (Ahm, Forhandl. 1884, 2 , 95; Armstrong 
and Wynne, Proc. C.S. 1890, 6, 13). 

Reactions . — Reduction in acid solution con- 
verts it into d-naphthylaniine-'Ml -disulphonic 
acid, and electrolytically into i-amino-a-naph- 
thol-'2:ij-disulphonic acid. With sodium amal- 
gam it gives a-naplifhylaminc (Alen, Forhandl. 
1883, 8, 21). 

(iii) a- Nitronaphthalene- 3:8-disulphonic 
Acid is formed as chief product, together with 
some j8-nitronaphthalene-4:7-di8ulphonic acid 
by nitrating naphthalene-] :6-diHulphonic acid 
or its salts (Schultz, Bor. 1890, 23 , 77; cj. 
Armstrong and Wynne, Proc. C.S. 1891, 7, 27). 

Preparation. — Sodium naphthalene - - sul- 

phonate (50 parts), sulphonated with 2J-3 
times its weight of 20% anhydro-acid at 100°, 
is cooled to 10-15°, ami nitrated below 25° with 
nitricaeid, p 1*4 (22*5 parts), during about 2 hours 
(Ewer and Piek, C.lh 52724). Or, the product 
obtained by sulphonating cither naphthalene 
(10 parts) with monohydrate (40 parts) (first 
at 80-95° and then for 10 hours at 110°) or 
naphthalene -j3-sulphonic acid melt (20 parts) 
with monohydrate (20 parts) at 110°, is nitrated 
below 25-30° with 8*4 parts of nitric acid, p 1*38 
(Badische, G.P.a. 9514; Bernthsen, Ber. 1889, 
22 , 3.328). According to Friodlander, the pro- 
duct obtained by any of these methods contains 
at least four nitro-acids, of which the a-nitro- 
naphthalene-3:8-di8ulphonic acid constitutes 
only about 40% (Heumann, Anilinfarben, 1898, 
ii, 618). Owing to their sparing solubility in 
alkalis or brine, the alkali salts of the nitro-acids 
are easily separated from the nitration product 
after dilution with water, but the separation is 
unnecessary if the nitro-acid is to be used for 
reduction to a-naphthylamino-3:8-disulphonic 
acid. 

It is also obtained, together with a-nitro- 
naphthalene-4:8-disulphonic acid and small 
quantities of the corresponding j8-nitrodisul- 
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phonic acids when the product formed by sul- 
phonating naphthalene* (10 parts) with 23% 
anhydro-acid (50 parts) in the cold is cooled 
with ice and nitrated with nitric acid, p 1-45 
(7 parts). This product is useful only for reduc- 
tion to the amino-acids from which a-naphthyl- 
amine-3:8-disulphoni(;aeid can easily be separated 
(Aktienges., G.P. 45770; B.P. 4025, 1888). 

Sall.s. — The salts cryKtallise in easily soluble 
needles; the 7>o/a.s-,s/5e/>7 salt, K 2 A, is almost in- 
soluble in dilute <'a,ustie potash solution (Fried- 
lander, Ber. 1805, 28, 1535). 

yVearimaA'. — Beduction in acid solution con- 
verts it into a-naphthyla mi it phonic 

acid, but in neutral solution wdth sodium bisul- 
phite it yields a-7ai'phthyla}nin€-\\:{\\^drimdphonic 
acid, liigestion with concentrated caustic soda 
solution furnishes the basic sodium, salt of 4- 
7L it rofio - a - na phthol-2:i^-d is a Iph o n i.c ac i d. 

(iv) a - Nitro naphthalene - 4:8-disu I phonic 
Acid is obtained, together with the 3:8-disul- 
phonic acid, wlien, as already described, a melt 
containing tin* nn,phthalene-l :5- and l:(>-disul- 
phonic acids is nitrated (Aktienges., /.e.). It is 
also formed by nitrating naf)htlialene-l :5-disul- 
phonic acid and separated from the accompany- 
ing /9-nitr()na]jhthalene-4:8-disulp)ionic acid iq.v.) 
by means of brine, in which the sodium salt of 
the latter is the less soluble (Cassella, G.P. 
051)97). Bcduction converts it into a-naphthyl- 
ajnine-4:8-disulphonic acid. 

(v) a-Nitronaphthalene - 5:8- disulphonic 
Acid is formed when barium naphthalene- 1:4- 
disulphonate (5 parts) mixed with stdphuric acid 
(30 parts) is nitrated at 10-15" with 25% nitric 
acid (3 parts). The product is free fi-om isomers 
(Bayer, G.P. 70857; Gattermann, Ber. 1899, 
32 , 1150). Reduction in acid solution converts 
it into a-naphi/iyUiminc -fy.i^-d isut phonic acid. 

(vi) /3- Nitronaphthalene- 4:7-disu I phonic 
Acid is formed together with a-nitronaphtha- 
lene-3:8-disulphonic acid, by nitration of naph- 
thalene- PO-disulphonic acid (Schultz, ihld. 1890, 
23 , 77 ; Armstrong and Wynne, Proc. O.S. 1891, 
7, 27). Reduction converts it into P-naphthyl- 
amineA:! -disulphonic acid. 

(vii) j8-Nitronaphthalene-4:8-disu I phonic 
Acid is obtained when naphthalene-1 :5-disul- 
phonii; acid (28 parts) susj)ended in well-cook'd 
sulphuric acid (90 parts) is nitrat<‘d with a mix- 
ture of nitric acid, p 1-42 (10 parts), and sul- 
phuric acid (10 parts). The product is poured 
on to ice, and soda (40 parts) added to separate 
the jS-salt from the more soluble a-salt (Cassella, 
G.P. 65997). It may be isolated- as ferrous salt 
(Gen. Aniline Works Inc., U.S.P. 1968964) or as 
nickel, cobalt, manganese, or zinc salts (Tinker, 
U.S.P. 1836204). According to Monteeatini 
(B.P. 614129) increased yield is obtained by 
nitrating naphthalene- hS-disulphonic in con- 
centrated sulphuric acid (oleum) medium. 

Reduction converts it into P-naphthylamine- 
4:8-di8ulphonic acid, 

N itronaphthalenetrisulphonic A cids. 

Three nitronaphthalenetrisulphonic acids are 
obtained from the corresponding naphthalene- 
trisulphonic acids by nitration 



and two of them, the 3:6:8- and the 4:6:8- 
isomers, are important in connection w'ith the 
manufacture of the H- and K- (aminonaphthol- 
disidphonic) acids. 

(i) a-Nitronaphthalene-3:5:7-trisulphonic 
Acid, formed when sodium naphthalene-1 :3:7- 
trisuljdioTiate, dissulved in sulphuric acid, is 
nitrated at 15-2()'\ ean be s(‘parated by the 
addition of salt to the product after dilution 
with M'at('r (Gassella, G.P. 75432). Reduction 
converts it into a-naphthylamine-8:&.l-trisul- 
phonic acid. 

(ii) a - Nitronaphthalene - 3:6:8 - trisul - 
phonic Acid is obtained by the nitration of 
na])hthalene-l :3:6-trisulphoriie acid. For techni- 
cal ])urposes, the mixture obtainetl by sul- 
phonating naphthahme-l :6- or -2:7-disulphonic 
acid is coo1<m 1 to 25-30", and nitrated at this 
temperature with the calculated quantity of 
nitric acid (Koch, G.P. 56058 ; B.P. 9258, 1890). 

*SV///,s.-The lead, PbgAg-f-SH.^O ; barium^ 
Ba.jAglSHgO; sodium, Na3A4-6H20; and 
aniline, B 3 Af 2 |H 20 , salts crystallise in 
needh's (Ficrz and Schmidt, Helv. Chim. Acta, 
1921, 4. 381). 

/year//o/i.v.— Reduction in acid solution con- 
verts it into a-naphthylamine-8:lS:8-irisulphonic 
acid. Digestion with ammonia at 150-170" 
furnishes p-naphihyla7nine-[]:iy.S-trisulphonic acid 
(Kalle, G.P. 176621). 

(hi) a - Nitronaphthalene - 4:6:8 - trisul - 
phonic Acid is produced by the nitration of 
sodium naphthalene- l:3:5-trisulphonate, the tri- 
.sulphonic acid melt formed by sulphonating 
naphthalene- l:5-disulphonic acid (1 mol.) with 
anhydro-aeid being diluted to a density of 
66" Be. at 15", cooled to 5", and the calculated 
quantity of nitric acid (1 mol.), mixed with sul- 
phuric acid, added at this temperature (Bayer, 
G.P.a. 7004; B.P. 17Ulc, 1893; cf. Kalle, 
G.P.a. 11104; G.P. 82563; B.P. 1641, 1894). 
Reduction converts it into a-naphthylamine- 
A.&.S-trisulphonic acid. 

Dinitronaphthalenes. 

Two dinitronaphthalenes, the 1:5- and 1:8- 
compounda, are obtained when naphthalene or 
a-nitronaphthalene is nitrated with concentrated 
nitric acid or with a mixture of nitric and sul- 
phuric acids (or by nitrogen tetroxide, Schorigiii, 
J. Gen. Chem. Russ. 1938, 8, 981). The pro- 
portion in which they are formed varies to some 
extent, but may be taken as 1:2 (Friedlander 
and Scherzer, Chem. Zentr. 1900, I, 410), 
although according to Gassmann, who used more 
concentrated acid mixtures, the best yield of 
l:8'dinitronaphthalene (about 70%) is obtained 
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only when the temperature beyond the stage of 
mononitration is the lowest possible (Ber. 1896, 
29 , 1244, 1521). The range of dinitronaphtha- 
lenes has been extended by dehydrogenating the 
corresponding tetralin derivatives. 

(i) l:2-Dinitronaphthalene, m.p. 152°, is 
prepared from ar-l:2-dinitrotetralin by dibromi- 
nation followed by dchydrobromination by heat 
(Vesel;^ and Dvorak, Bull. Soc. ehim. 1923, [iv], 
83, 321). 

(ii) 1:3- Di nit ro naphthalene ([y-]dinitro- 
naphthalene) is prej>ared from diazotised 2:4- 
dinitro-l-naphthylamine, but special care is 
necessary to avoid formation of the diazo-oxide. 
(Hodgson and Walker, J.C.S. 1933, 1620). The 
diazotisation is best carried out in a mixture of 
concentrated sulphuric acid and glacial acetic 
acid below 10°; the diazo compound is reduced 
by addition of cuprous oxide, and the dinitro- 
naphthalene isolated by diluting the mixture, 
filtering the precipitate and purifying it by 
extraction with and crystallisation from pyri- 
dine. It forms pale yellow crystals, m.p. 146- 
147° (Hodgson and Birtwell, ibid. 194.3, 433). 
It has also been obtained bj'^ oxidising ar- 1:3- 
dinitro tetralin (Vcscl^ and Dvorak, Bull. Soc. 
chim. 1923, [iv], 33, 323, 328). According to 
Fierz- David and Sponagel, no trai^e of 1:3- 
dinitronaphthalene is formed in the nitration of 
naphthalene {lx.). 

(iii) l:4-Dinitronaphthalene, m.p. 131- 
132°, is prepared from l-nitro-4-amino-5:6:7:8:- 
tetrahydronaphthalene by diazotisation and 
treatment with sodium nitrite followed by de- 
hydrogenation (Chudozilov, Chem. Listy, 1926, 
20 , 609). 

Hv) B.^-Dinitronaphthalene ([a-]dinitro- 
naphthalene) is obtained as minor product, 
together with the l:8-compound, when a-nitro- 
naphthalcne (10 parts) dissolved in sulphuric 
acid (60 parts) is nitrated at 0° by a mixture of 
nitric acid, p 14 (.5-2 parts), with sulphuric acid 
(26 parts). The solution, at first red, becomes 
white owing to the separation of the mixed 
dinitronaphthakines as a thick magma, which 
when dry melts at about 140°. The mixture of 
dinitron aphthalenes finds some application in 
blasting explosives. To isolate its constituents, 
this solid product is not removed from the spent 
acid, but at the close of the nitration is heated 
with it at 80-90° until completely dissolved and 
the solution then cooled to 20°, whereby an al- 
most complete separation of the l;5-i8omer is 
achieved. From the filtrate, the remainder of 
the nitration product is precipitated by the 
addition of water, and the 1 : 8-derivative ex- 
tracted from the dried precipitate by pyridine 
in which l:6-dinitronaphthalene is only sparingly 
soluble (Friedlander, Ber. 1899, 32 , 3631 ; Kalle, 
G.P. 117368. Finzi, Annali Chim. Appl. 1925, 
15, 65). l:6-Dinitronaphthalene can be separated 
from the nitration mixture by the aid of con- 
centrated sulphuric acid or of aniline (Voroshcov 
and Kulev, Ber. 1929, 62 [B], 934) or by boiling 
sodium sulphite solution which dissolves only 
the l:8-isomer (Hodgson and Walker, J.C.S. 
1933, 1346) ; and the l;8-isomeride by con- 
version of the l:6-compound into either naphtha- 
zarin (Gjillotti and GaUmberti, A. 1932, 1123) or 
5-nitro-o-naphthylamine (Hodgson and Walker, 


The removal of the 1: 8-derivative can also 
be effected by extraction of the dry nitration 
product with acetone (Beilstein and Kurbatow, 
Annalen, 1880, 202 , 219), chloroform (Darm- 
stadter and Wichelhaus, ibid. 1869, 162 , 301), 
benzene (Aguiar, Ber. 1870, 3 , 29 ; Beilstein 
and Kuhlberg, Annalen, 1873, 169 , 85), or acetic 
acid (Aguiar, Ber. 1872, 6, 372). 

Alternatively, the mixture of dinitronaphtha- 
lenes (200 parts), obtained technically in the 
form of a 60% paste, is heated at 80 -90° during 
5-6 hours with 40% sodium bisulphite solution 
(740 parts) and 25% ammonia (140 parts) and 
the insoluble l:5-dinitronaphthalene then re- 
moved by filtration. In this case the filtrate 
contains not 1 :8-dinitronaphthalene, but a- 
naphthylsulphamino-4:7-di- and -2:4:7-tri-sul- 
phonic acids arising from the interaction of this 
dinitro-compound with the bisulphite (Hochst, 
G.P. 221,383). 

Properties . — 1 :5-l )initronaphth alone crystal- 
lises from acetic acid in six-sided yellow 
needles, m.p. 216° (Aguiar, Ber. 1872, 5 , 372). 
It is only sparingly soluble in the ordinary 
solvents, and practically insoluble in carbon 
disulphide or cold nitiic acid. With phosphorus 
])entachloride it yields ]:5-dichloronaphthale7ie 
(Atterbcrg. ibid. 1876, 9, 1188, 1730). It is used 
technically in the production of naphthazarin 
{q.v., p. 384a). It forms mixed crystals, m.p. 

I 145°, with l:8-dinitronaphthalene containing 
78% of the latter (Fierz-David and Sponagel, 
lx.). 

Reaxtioyis. — Keduction with alcoholic am- 
monium sulphide converts it into 5-niiro-a- 
naphthylaiuine and Ipy-dimninoyiaphthalene, biit 
in acid solution only the latter is obtained. 
Digestion with ammonium sulphite or sodium 
bisulphite solution furnishes hb-diaminonaph- 
thalenedisulph o nic acid . 

When heated with 12-23% anhydro-aeid at 
40-50° it yields 8-nitroso-a-naphthol, but if a 
reducing agent, such as sulphur or zinc, be 
present, a naphthazarin intermediate product is 
formed from which naphthazarin {biS -dihydroxy- 
[a-]naphthaquinone) can bo isolated. 

(v) l:6-Dinitronaphthalene ([5-]dinitro- 
naphthalene) is obtained by boiling diazotised 
l:6-dinitro-)3-naphthylamine with alcohol. It 
crystallises from alcohol in bright yellow needles, 
m.p. 161*5° (Graebe and Drews, Ber. 1884, 17 , 
1170; cf. Kehrmann and Matis, Ber. 1898, 31 , 
2419). It has also been obtained, m.p. 160-162°, 
from l:6-nitroaminonaphthalene by diazotisa- 
tion and treatment with sodium nitrite (Vesel^ 
and Dv6r&k, l.c.). 

(vi) l:7-Dinitronaphthalene, m.p. 156°, 
from l:7-nitroaminonaphthalene by ^azotisa- 
tion and treatment with sodium nitrite (Veself 
and Dv6r&k, lx.). 

(vii) l:8-Dinitronaphthalene ([j3-]dinitro- 
naphthalene) is the major product of the dinitra- 
tion of naphthalene. For its separation, see 
1:5 dinitronaphthalene. 

Properties. — 1 :8-Dmitronaphthalene crystal- 
lises in large, yellow rhombic plates, m.p. 172° 
(Friedlander, l.c.). In ordinary solvents, and in 
concentrated sulphuric acid, it is more soluble 
than the 1:6 compound. According to Beilstein 
and Kuhlberg (Annalen, 1873, 169 , 86), 1 part 
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dissolves in 91-4 parts of chloroform, in 530 parts 
of 88% alcohol, or in 139 parts of benzene at 
19°; and according to Friedl&nder, 1 part dis- 
solves in 10 parts of cold or in 1*5 parts of hot 
pyridine. With phosphorus pentachloride it 
yields liS-dicJdoronaphthale.ne in small quantity, 
the chief product being lA:S4richloronaphthalerte 
(Atterberg, l.c.). 

Reactions . — Reduction in acid solution con- 
verts it into l:S-diaminonaphthalene. Blue, 
violet, or black dyestuifs are obtained when 1:8- 
dinitronaphthaleno is heated with alkali, 
sodium bisulphite solution, and reducing agents 
such as glucose (Badische, G.P. 79208; B.P. 
10990, 1893 ; G.P. 88236 ; B.P. 7766, 1896), milk 
sugar, sodium stannite, or sodium sulphide 
(Badische, G.P. 92471; B.P. 20250, 1896); or, 
omitting alkali, with sodium sulphide (Badische, 
G.P. 84989; B.P. 10996, 1893; G.P. 88847; 
B.P. 22603, 1894), or sodium disulphide (Hochst, 
G.P. 117188; 117189). Digestion with sodium 
or ammonium sulphite solution at 70-90°, the 
alkali set free being removed as formed, yields 
a-sulphawiTionaphthylA'.l-di- and -2:4:7 -tr is iil- 
plionic acids (whence by hydrolysis the corre- 
sponding a-naphthylaminesulphonic acids are 
obtained), but boiling with sodium bisulphite 
solution furnishes {iH-diarninonaphthalenetrisul- 
phonic acid. 

When heated with 12-23% anhydro-acid at 
40-50°, it yields i^-nitro-4-nitro80-a-naphthol, but 
if it be heated with sulphuric acid and reducing 
agents, such as aniline or tin or iron, or its 
solution in sulphuric acid be electrolysed, a 
naphthazarin intermediate product is formed 
isomeric with that obtained from l:5-dinitro- 
naphtlialeiie (Badische, G.P. 76922 ; 79406). 

(viii) 2:3-Dinitronaphthalene, m.p. 170-5- 
171°, is prepared from 6-nitro-7-amino-l:2:3:4- 
tetrahydronaphthalene by the diazo -reaction to 
6:7-dinitrotetrahydronaphthaleno which is then 
dehydrogenated (Chudozilov, Chem. Listy, 1926, 
20, 509). Hodgson and Turner prepared it from 
2:3-dinitro-l-naphthylamino and found m.p. 
169° (J.C.S. 1943, 635). 

(ix) 2:6-Dinitronaphthalene, m.p. 279°, has 
been prepared from 6-nitro-)5-naphthylamine 
through the diazonium compound (Vesel^ and 
JakeS, BuU. Soc. chim. 1923, [iv], 83, 942) but the 
product had lower melting-point than that later 
made from 2:6-diaminonaphthalene by inter- 
action of the tetrazo- compound with nitrite in 
presence of cupro-cupric sulphite (Chatt and 
Wynne, J.C.S. 1943, 33). 

(x) 2:7-Dinitronaphthalene, m.p. 234°, is 
obtained when the dinitration product of naph- 
thalic acid is decarboxylated with copper bronze 
and boiling quinoline (Rule and Brown, ibid. 
1934, 171). 

DinitronaphthaUnemonosulphonic A cids. 

(i) l:6-Dinitronaphthalene-3-(or 7-)sul- 
phonic Acid is obtained when a-nitronaphtha- 
lene-7-8ulphonic acid, dissolved in sulphuric 
acid, is nitrated at 6-16°, and common salt 
added to the product after dilution with water 
(Cassella, G.P. 86068). It is also stated to be 
formed when 1 :6-dinitronaphthaleno, dissolved 
in 6 times its weight of monohydrate, is heated 
at 100-110° with rather more than twice its 


weight of 20% oleum (Hochst, G.P. 117268), but 
according to Eckstein this dinitronaphthalene is 
not sulphonated by 15-20% oleum at 140°, and 
at higher temperatures or with more concen- 
trated acid is destroyed (Bor. 1902, 86, 3403). 

Identification. — The sodium salt forms needles, 
soluble in 12 parts of boiling water ; the chloride^ 
prisms, m.p. 118° (Hochst, l.c.). 

Reewiions. — Reduction converts it into 1:5- 
diammonaphthalene-^suljdionic ctcid, but diges- 
tion with sodium sulphite or bisulphite solution 
gives a nitro- a-naphthylaminesulphonic acid. 
With oleum in presence of a reducing agent, a 
soluble blue intermediate product is obtained 
which yields a naphthazarinsulphonic acid when 
boiled with water. 

(ii) l:8-Djnitronaphthalene-3-(or 6-)sul- 
phonic Acid is formed, together with the 1:5- 
dinitro-acid, when sodium naphthalene-jS-sul- 
phonate, dissolved in sulphuric acid, is dinitrated 
below 10°, and is precipitated by stirring the 
product into twice its volume of brine, the 1:5- 
isomcr remaining in solution (Cassella, G.P. 
67017 ; B.P. 6972, 1891 ; G.P. 85058). It is also 
produced when l:8-dmitronaphthalene, dissolved 
in monohydrate, is sulphonated at 100-110° 
with twice its weight of 20% oleum (Hochst, 
G.P. 117268; Eckstein, Ber. 1002, 35, 3403). 

Identification. — The barium salt, 

BaAg+SHgO, 

soluble in 8-5 parts of boiling or 20 parts of cold 
water (Eckstein, l.c.) ; calcium salt, 

CaA2^-2H20; 

potassium salt, and sodium salt, NaA+HgO, 
soluble in 6-5 parts of boiling water, crystallise 
in needles. The chloride forms monoclinic 
prisms, m.p. 143-144° (Hochst, l.c. ; cf. HeU- 
.strom, Forhandl. 1888, 10, 613). 

(iii) l:8-Dinitronaphthalene-4-(or 5-)sul- 
phonic Acid is formed when the monosulphona- 
tion product of a-nitronaphthaleno, consisting 
chiefly of the 5-8ulphonic acid, is nitrated at 
15-20°, and the l:8-dinitro-acid separated by 
stirring the mixture into brine (Cassella, G.P. 
70019; B.P. 4613, 1893). 

(iv) 2:4-Dinitronaphthalene-8-sulphonic 
Acid is obtained when naphthasultara or 2:4- 
dinitronaphthasultam is heated with fuming 
nitric acid (Dannerth, J. Amer. Chem. Soc. 1907, 
29, 1327). 

Dinitronaphthalenedisidphonic Acids. 

(i) 1:5 - Dinitronaphthalene - 3:7 - disul - 
phonic Acid is obtained when sodium naph- 
thalene-2:6-di8ulphonate (or a-nitronaphthalene- 
3:7-di8ulphonate), dissolved in sulphuric acid, 
is dinitrated (or nitrated) at 20-30”, and the 
product salted out (Cassella, G.P. 61174; 
B.P. 15346, 1890; cf. Oehler, G.P.a. 1430; 
Bayer, G.P. 126198). 

Reactions. — Reduction in acid solution con- 
verts it into l:5-diaminomphthalene-^:7’di8id- 
phonic aeid. When dissolved in monohydrate 
and heated at 60° with a solution of sulphur in 
20% anhydro-ocid, it gives a blue mordant dye 
of the naphthazarin “ intermediate product ” 
type (Bayer, l.c.). 
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(ii) 1:6 • Dinitronaphthalene - 3:8 - disul - 
phonic Acid, obtained by nitration of a-nitro- 
naphtbalene-3:8-disiLlphonic acid or of naphtha- 
lene- l:6-disulphonic acid has not been character- 
ised. Reduction in acid solution converts it 
into l:Q-diaminonaphthalene-3:S’disulphonic acid 
(Friedlander and Kielbasinski, Bcr. 1896, 29, 
1982). 

(hi) 1:6 - Dinitronaphthalene - 4:8- disul - 
phonic Acid is obtained when sodium naphtha- 
lene- l:5-di8ulphonate (or its mononitration pro- 
duct), dissolved in monohydrate, is dinitrated 
(or nitrated) below 30°. The product is free 
from isomers (KaUe, G.P. 72665), and on reduc- 
tion in acid solution yields }:()-dia7ninonaphtha- 
lene-4'.H-di8ul}iho7uc acid (Friedlitiider and Kiel- 
basinski, I.C.). 

(iv) 1:8 - Dinitronaphthalene - 3:6 - disul - 
phonic Acid is obtained free from isomers when 
sodium naphthalene-2:7-di8uIphonate, dissolved 
in sulphuric acid, is dinitrated at 26-30° (Cas- 
sella, G.P. 67062; B.P. 1742, 1891; Bayer, 
G.P. 69190; B.P. 11522, 1892). Its chloride is 
formed, top^ether with the mononitro-derivative, 
by nitrating naphthalene-2:7-di8ulphonyl chlo- 
ride (Alen, Forhandl. 1883, 8, 13). 

Ideviification. — The ianamsalt, BaA+SHgO, 
prisms, and the potasaiuin salt needles, KgA, 
from hot, or K 2 A 4 - 4 H 2 O from cold solution, are 
easily soluble. The chloride has m.p. 219' ; 
with 1 mol. C^Hg it forms needles (Alen, l.c,). 

MeacHons. — Reduction in acid solution con- 
verts it into ]:S‘dia7ni7io7Laphthahne-3'M-disul- 
phonic acidj but digestion with sodium sulphite 
or bisulphite solution gives \‘a7rimoS-7iaphihol- 
Z'.^-dis\dpho7iic acid. With dilute caustic soda 
solution in the cold, it forms sodium 5-7«7ro-4- 
nitroso- a - naphthol -2\l-disv lpho7Laie, but 4:5-di- 
nitroaodihydroxyn aphthalene -2:1 -d is nlphoTiate if 
the solution be concentrated. 

TkINITBONAPHTH A LE NES . 

Three trinitronaphthalenes, the 1:2:5-, 1:3:5-, 
and l:4:5-derivatives, are obtained by the 
nitration of l:5-dinitronaphthalenc, and a fourth, 
the l:3:8-derivative, by the nitration of l:8-di- 
nitronaphthalcne. The constitution of these 
compounds has been determined by oxidation 
to the respective nitrophthalic acids. 

Melting-point curves of the various binary and 
ternary mixtures of a-nitronaphthalene, 1:5- and 
l:8-dinitronaphthalenes, and 1:2:5-, 1:3:5-, 

1:3:8-, and l:4:5-trinitronaphthalenes have been 
determined by Pascal and the results appb'ed to 
the analysis of the products of the nitration of 
naphthalene (Bull. Soc. chim. 1920, [iv], 27, 
388). 

(i) 1:2:5- or [S-]TrinitronaphthaIene (Will, 
Ber. 1895, 28, 377) crystallises from alcohol in 
needles, m.p. 112-113°. Dimroth and Ruck 
suggest that this is a mixture of 1:3:5- and 1:4:5- 
isomers (Annalen, 1925, 446 , 123). 

(ii) 1:3:5- or [a-]Trinitronaphthalene cry- 
stallises from alcohol in scales, m.p. 122° 
(Aguiar, Ber. 1872, 5, 373, 897), 119*6° (Dimroth 
and Ruck, lx.). It forms a molecular com- 
pound, m.p. 146-148° with )3-naphthol. 

(iii) 1:4:6- or [y-]Trinitronaphthalene 
(Beilsteiji and Kuhlberg, Annalen, 1873, 169, 
97 ; cf. Will, l.c.) crystallises from chloroform 


in bright yellow scales, m.p. 154° (Aguiar, l.c. 
903), 148-149° (Dimroth and Ruck, l.c.). It 
is stated to be explosive (Haid ei al., Chem. 
Zentr. 1931, I, 2426). 

(iv) 1:3:8- or fj3-]Trinitronaphthalene 
(Beilstein and Kuhlberg, l.c. ; Friedlandcr, Ber. 
1899, 32, 3531). From the mixc;d dinitronaph- 
thalencs obtained by the nitration of a-nitro- 
naphthalenc (10 parts), the greater part of the 
l:5-derivative can be separated by Kalle’s 
method as already descrila'd {sec l:5-dinitro- 
naphthalene). The mother-licpior contains 
mainly the l:8-denvative, and, by the adflition 
of a mixture of nitric acid of p 1-4 (3-3 parts) 
with sulphuric acid (10 parts) gives a crystal- 
line separation of l:3:8-trinitronaphthalene in 
needles, m.p. 218° (Kalle, G.P. 117638). It dis- 
solves in cold sodium bisulphite solution without 
undergoing change, but is converted into nitro- 
aminonaphtholsnl])honic acids when the solution 
is warmed (Kriedlander and SchtTzer, (/hem. 
Zentr. 1900, 1, 410). 

T ETK A NITRO N A TITT U ALE N ES . 

Five tetranitronaphthalenes are described, 
obtained by further nitration of 1:5, 1:8-, or 
2:6-dinitronaphthalencs or frotn triuitronaph- 
thalenes. 

(i) |a-]Tetranitronaphthalene, which melts 
at 259° (Beilstein and KuhllvTg, Annalen, 1873, 
169, 99; Aguiar. Ber. 1872, 5, *374). 

(ii) ]:3:5:7 - Tetranitronaphthalene, m.p. 
2f>(f', has been pi’C'parcd by nitration of 2:()-di- 
nitronajdithaJene (Fhatt and Wynne, d.C.S. 
1943,33). 

(iii) l:3:5:8-([y-]Tetra nitron aphthalene, pre- 
pared by nitration of l:4:5-triiiitr()naphthalene 
(Dimroth and Ruck, /.c.), m.p. 1 94-195° (Will, 
Ber. 1895, 28, 377). 

(iv) l:4;5:8 - [3 - jTetran itronaphthalene. 
This compound is now known to bo the one 
formerly <‘alled by Will {l.c.) the l:2:5:8-isomer. 
It is prepared by nitration of l:4:5-trinitronaph- 
thalcne (along with the l:3:5:8-isomer) and has 
m.p. 340-345°. /SVe also Dimroth and Roos, 
Annalen, 1927, 456, 178. 

(v) l:3:6:8-j^-]T etranitronaphthalene melts 
at 230° (Aguiar, l.c. ; Will, l.c.). 

Giiloronitronaphthalenes. 

The nitro-derivatives of the ehlororiaphtha- 
lenes can be prepared in the following ways to 
which reference will bo given under individual 
compounds. 

1. Chlorination of nitronaphthalene. 

2. Nitration of chloronaphthalenes. 

3. Replacement of amino-group of nitro- 

naphthylamincs by chlorine by 8and- 
meyer reaction. 

4. Replacement of sulphonic group by chlorine 

by aqueous chlorination of nitronaph- 
thalenesulphonic acids. 

5. Heating of nitronaphthalene di- and tetra- 

chlorides to give mono- and di-cbloro- 
nitronaphthalenes . 

Nitration of a-chloronaphthalene with a mix- 
ture of nitric and sulphuric acids gives a mixture 
of 1:4-, 1:5-, and hS-chloronitronaphthalenes. 
With increase of temperature the proportion of 
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l:6-i8omer decreases from 18-5% to nil with a 
corresponding increase in the proportion of 1:4- 
isoraer from 47% to 63‘5%, the l:8-isomer 
remaining constant at 36-5%. Employing 
modified nitration conditions the formation of 
l:8-isomer can be increased to 66-2% (Ferrero 
and Cafiisch, Helv. Chim. Acta, 1928, 11 , 795). 
A study of mixtures of isomeric chloronitro- 
naphthalones showed the following eutectics 
(Asaoka, B. 1929, 972) : 

1:4 -(57%) l:5-(43%) in.p. 74-75° 
l:4-(57%) J:8-(43%) m.p. 52-53° 
l:5-(45%) l:8-f55%) m.p. 00-07° 

Dinitration of a-chlorona])litha]cne gives a 
mixture of 4-chl()ro-l:5-(linitronaphihalene and 

4- chloro-l ;8-dinit rona))hthalcne, whilst trinitra- 
tion gives a mixture of 4-cliloro-l :3:8-trinitro- 
naphthalene and 4-ehloro-] :3:5-trinitronaph- 
thalene. 

Chlorination of a-nitronophthalene with ferric 
chloride catalyst gives a mixture of the 5- and 8- 
chloro-derivatives and by dichlorination mainly 
5:8-dichloro-a-nitronaphthalene. 

Mo'no(:hloroni(ro7iaj)hth(il('nes. 

(i) 2-Chloro-a-nitronaphthalenc, m.p. 

95*5°, is produc(‘d by electrolysis of a solution 
of diazotjH('d 1-nitro-jS-naphthylamine in pre- 
sence of cuprous chloride (Vosely, Bcr. 1905, 38, 
137). 

(ii) 3-Chloro-a-nitronaphthalene, m.p. 
105°, has been prcpanal by chlorination of 4- 
nitroacct-a-naphthylamide, hydi’olysis of the 
acetyl group to give 2-chloro-4-nitro-a-naphthvl- 
amine and removal of the amino-group by 
diazotisation and reaction with alcohol (Hodgson 
and Elliott, J.C.S. 1934, 1705). 

(iii) 4-Chloro-a-nitronaphthalene, m.p. 
85°, is produced as chief product along with the 

5- and S-isomers when a-chloronaphthalene is 
nitrated in the cold (Attcrberg, Ber. 1870, 9, 
927 ; Kerrero and Cailisch, Helv. Chim. Acta, 
1928, 11 , 795 ; Griesheim, G.P. 120585). It has 
been prepared from 4-nitro-a-naphthylamine by 
Sandmeycr reaction (Franzen and Hehvert, 
Ber. 1920, 53 [B], 320). 

Reaction with alcoholic ammonia 
at 170° gives i-nitro-a-7iaphlhylamine (Gries- 
heim, G.P. 117006) and with alkali-hydroxides, 
carbonates or acetates at 150° gives 4^-niiro-a- 
naphthol (Griesheim, G.P. 117731). 

(iv) 5-Chloro-a-nitronaphthalene, m.p. 
111°, is prepared by chlorination of a-nitro- 
naphthalene in the presence of ferric chloride, 
8-chloro-a-nitronaphthalene being simultane- 
ously formed (Aktienges., G.P. 99758). It is 
also formed in small degree by nitration of a- 
chloronaphthalene (Griesheim, G.P. 120585) and 
by aqueous chlorination under acidic conditions 
01 5-nitronaphthalene-a-sulphonic acid when the 
sulphonic group is replaced by chlorine (Arm- 
strong and Williamson, Proc. C.S. 1886, 2 , 233 ; 
cf. Kalle, G.P. 343147). 

(v) 7-Chloro-a-nitronaphthalene, m.p. 
116°, is formed by nitration of fi-chloronaphtha- 
lene (Armstrong and Wynne, ioid. 1889, 5, 71). 

(vi) 8-Chloro-a-nitronaphthalene, m.p. 
94°, is obtained as chief product along with 5- 
ohloro-l-nitronaphthalene when a-nitronaphtha- 


lene is ehlorinated, using ferric chloride as 
catalyst, and crystallises from the reaction mass 
(Aktienges., G.P. 99758; Ullmann and Con- 
sorino, Bcr. 1902, 35, 2808). Armther method 
proposed for man\ifaeture is by nitration of 
naphthalene dicrhloridc and heating the nitro- 
naph!hal(*ne dichloride, when hydrogen chloride 
is split oft' giving 8-ehloro-a-nitroiiaphthalene 
(flatter, G.P. 317755). It is also produced by 
{Kjueous clilorinatioTi of H-nitronaplmhalcno-a- 
sulj)hoTiie acid (Kalle, G.P. 343107 ; Vorosch(;ov 
and Kozlov, Ber. 1930,' 69 [B], 41 2). It is 
formed in small amount by nitration of a- 
ehloronaphtlialene. 

Rpacfi(m.<i. — With sulphuric acid at 80°, 
H-chlor(>-a~nitro}inphthnUnp-ry-sidphonic acid is 
formed whereas 5(‘hloro-a-nit ronaphthaJene 
remaiiis utisulphonat(Ml (Aktienges., G.P. 
103980). With water or aqueous alkali 8- 
ehloroa-nitronaphthalene is hydrolysed to 8- 
cJiIoro-a-naphfhol (Vorosoheov and Kozlov, Lc.). 

iJirh lor OH ifronaph th ale nes . 

(i) 4;7-Dichloro-a-nitronaphthc\lene, m.p. 
119°, is ])ro(luced by nitration of ]:(>-dicbloro- 
riapbthalene with fuming nitric acid (Clove, 
Bull. Soc. chim. 1878, [iij, 29, 499). 

(ii) 4:8 - Dichloro - a - nitronaphthalene, 
m.p. 142' , is formed by nitration of 1 :5-dicliloro- 
naplithalene (Attcrberg, Ber. 1870, 9, 928). 

(iii) 5:8 - Dichloro - a - nitronaphthalene, 
m.]>. 94' , is ))roduccd by clilorinalion of a- 
nitronaphthak'Jie at 00-80° watb ferric chloride 
catalyst (Ihuycr, G.lb 293318). It can also be 
produce<l by acpieous (‘lilorination of 5-chloro-8- 
nitrona])hthaleue-a-sulphonic acid when the 
sulphonic-group is replaced by chlorine (Kalle, 
G.P. 343147). Nai)bthalene tetrachloride by 
nitration ami elimination of 2 mol. of hydrogen 
chloride fiom the nitronaphthalene tetraehloridti 
giv<‘H 5:8-(lichl()ro-a-nitronaphthalenc (Matter, 
G.P. 317755; 348009). 

(ddoroditiiiroHUpkthale.tiefi. 

(i) l-Chloro-2:4-dinitronaphthalene, m.p. 
in.]). 14()-5'’, is obtained by heating 2:4-dinitro- 
a-naphthol wdth toluene-p-siilphonyl chloride 
in dimethylaniline (rUmaun, G.P. 199318). 

Reactions. — The chlorine group is very mobile, 
being of the same order of reactivity as the 
chlorine in 1 -C‘hloro-2:4 -dinitrobenzene (Talen, 
Ree. trav. chim., 1928’, 47 , 329; Mangini and 
Freiiguelli, Gazzetta, 1937, 67 , 358, 373). With 
sodium azide there is formed 2A-dinitro-a- 
7iaplithyl azide which, with sulphuric acid, is 
converted to 4-7? ^-]7iaphthaquinonedioMme 
2 )eroxide. Kehrmann (Ber. 1923, 56 [B], 2385) 
describes a series of quiuoneimide dyestuffs pre- 
pared from 1 -chloro-2:4-dinitToruiphthalene. 

(ii) 1 - Chloro - 4:8 - dinitronaphthalene, 
m.p. 138°, is produced by nitration of diehloro- 
naphthalene (Attcrberg, ibid. 1870, 9 , 927) or 
by nitration of 8-ehIoro-l-nitronaphthalene 
(Ullmann and Consonno, ibid. 1902, 35, 2810). 

Reactions. — With ammonia there is produced 
4:S-dinitro-a-naphthylamine and with aqueous 
sodium carbonate 4:S-di7iitro-a-7iaphthol (Ull- 
mann and Consonno, l.c.). 

(iii) 1 - Chloro -4:5- dinitronaphthalene, 
m.p. 180°, is obtained by dinitration of a- 
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chloronaphthalene (Atterberg, ibid. 1876, 9 , 928) 
or by nitration of 6-chloro-a>naphthoic acid 
(Ekstrand, J. pr. Chem. 1888, [ii], 171). 

Dichlorodinitrovuphthah7ies . 

A mixture of dichloro-l:6- and -l:8-dmitro- 
naphthalcnes is formed by dichlorination of the 
respective dinitronaphthalene in a fused state in 
the presence of ferric chloride (Poliak, G.P. 
134306). 

4-Chloro-l:3:8-trinitronaphthalene, m.p. 
143-144°, is obtained along with 4-chloro-l:3:6- 
trinitronaphthalene by trinitration of a-chloro- 
naphthalene. By heating it with dilute caustic 
alkali 2’A:S-tnnitro-a-naphtkol is formed (Rindl, 
J.C.S. 1913, 103, 1911). 

NAPHTHYLAMINES. 

Both a- and j3*naphthylamine and their sul- 
phonic acid derivatives are of considerable 
technical importance. Synthetic routes to the 
j8-naphthylamine scries are necessarily different 
from those to the a-series, since nitration of 
naphthalene derivatives rarely occurs in the 
jS-position. a-Naphthylamine is obtained by 
reduction of a-nitronaphthalcne, and its sul- 
phonic acids by sulphonation of the amine, or 
by nitration of naphthaleneaulphonic acids 
followed by reduction ; jS-naphthylamine is 
obtained from j3-naphthol, its sulphonic acids 
by sulphonation of the base or from jS-naphthol- 
sulphonic acids, c.g., by the Bucherer reaction. 
Only two jS-naphthylaminedisulphonic acids, 
namely the 4:7- and 4:8-acid8, are obtained by 
nitration of naphthalenedisulphonic acids fol- 
lowed by reduction. 

The two naphthylamines and certain of their 
sulphonic acids are used as first, middle, or end 
components of azo-dyes ; the sulphonic acids 
are also used in the manufacture of naphtholsul- 
phonic acids, aminonaphtholsulphonic acids, or 
dihydroxynaphthalenesulphonic acids, which 
find extensive employment in the production of 
azo-dyes. The differences in the mode of 
coupling with diazotised bases in the two series 
have already been discussed {see p. 212d). 

a-Naphthylamine. 

a-Naphthylamine {\-aminonaphthalene) can be 
obtained from a-nitronaphthalene by the action 
of many reducing agents of which iron with 
aqueous hydrochloric acid or ferrous chloride 
is as good as any. Several publications describe 
catalytic ^drogenation {see Sabatier and i 
Senderens, Compt. rend. 1902, 135 , 225 ; Poma I 
and Pelligrini, B.P. 227481 ; Parrett and Lowry, 
J. Amer. Chem. Soc. 1926, 48 , 778 ; I.G., B.P. 
260186; Seldon Co., B.P. 304640). 

It can be obtained by the interaction of a- 
chloronaphthalene with ammonia solution and 
a copper catalyst (Groggin and Stirton, Ind. 
Eng. Chem. 1936, 28 , 1051). It is also obtained 
when a-naphthol is heated with ammonia under 
pressure at 150-160° for 60-70 hours (Badische, 
G.P. 14612). The yield may reach 70% of that 
calculated if the naphthol be heat^ with 
ammonisi-calcium chloride at 270° for 8 hours, 
but dinaphthylamine is also formed in quantities 
vaiying with the conditions employed (Benz, 


Ber. 1883, 16 , 14). Substitution of acetamide 
at 270° for ammonia gives a 50% yield of acet-a- 
naphthalide, together with about 15% of di- 
naphthylamine (Calm, ibid, 1882, 15 , 615), but 
replacement of ammonia by sodamide at 220° 
leads to the production of 5-amino-a-naphthol 
(Sachs, G.P. 181333). 

Manufacture . — The method of manufacture 
is essentially that which has been described by 
Witt (Chem. Ind. 1887, 10, 218 ; Paul, Z. angew. 
Chem. 1897, 10, 145), with improvements due to 
experience. a-Nitronaphthalene is reduced with 
iron borings and a small amount of hydrochloric 
acid in a cast-iron reduction pan with stirrer, 
condenser, and arrangements for controlling the 
temperature. Enough water is used to keep the 
mass stirrable. When reduction is complete, 
different methods may be used for separating 
the naphthylaminc, after neutralising acid, e.gr., 
vacuum distillation, steam distillation, or solvent 
extraction. The crude a-naphthylamine is 
purified by distillation. Precautions must be 
taken to protect the workers from contact with 
a-naphthylamine. The product contains p- 
naphthylamine from which it may bo freed either 
by repeated crystallisation from warm light 
petroleum, in which the j8-basc is the more 
soluble (Erdmann, Annalen, 1893, 275, 217, 
footnote), or warming it with 10% of its weight 
of xylene, allowing the homogeneous mixture to 
cool, breaking up the semi-solid mass and 
separating the pure crystalline a-base in a 
centrifuge (Weilor-ter-Meer, G.P. 205076; B.P. 
16446, 1907). The residue left after evaporation 
of the mother-liquor to dryness contains both 
bases : if it is dissolved in hot dilute hydro- 
chloric acid, most of the a-base separates as the 
crystalline hydrochloride on cooling, while from 
the filtrate the j^-base is precipitated as sul- 
phate by the addition of dilute sulphuric acid 
(Wciler-ter-Meer, l.c. ; cf. E. Reverdin and E. 
Nolting, “ Sur la constitution de la Naphtha- 
line,” ed. 1885, 35). 

Properties . — Pure a-naphthylamine has m.p. 
49-2-49'3°; its f.p. is 48-61-48*63°. Technical 
a-naphthylamine has f.p. of 45-3-45-5° and con- 
tains not more than 95*5% a-naphthylamine, p- 
naphthylamine always being present (Gubel- 
mann and Weiland, Ind. Eng. Chem. 1929, 21 , 
1239 ; cf. Lenkhold aryd Ostroumov, A. 1930, 
1174; Lenkhold, ibid.). It boils at 300° 
(Zinin, J. pr. Chem. 1842, 27 , 141) and is only 
slightly volatile in steam. It is easily soluble in 
alcohol, ether, or aniline but almost insoluble 
in water, of which 100 c.c. dissolve only about 
0-167 g. at the ordinary temperature (Ball6, 
Ber. 1870, 8, 288, 673). On exposure to the air, 
the technical product changes colour gradually 
to greyish-violet, owing possibly to the presence 
of a small quantity of l:8-diaminonaphthalene 
(Witt, l.c.). Its odour is characteristic and 
unpleasant. 

The salts are for the most part sparingly 
soluble in water. The hydrochloride, B,HCi, 
and the sulphate, B^,H2804-f 2H2O, form 
scales; ihie platinichlorvde, (B,HCI)2PtCl4, is a 
crystalline powder. The picrate, B,HA, forms 
sparingly soluble prisms, m.p. 161° (Smolka, 
Monatsh. 1885, 6, 923; cf. Suida, Ber. 1908, 
41 , 1913). 
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Reactions. — Diazotised, it forms the first com- 
ponent of many azo-dyes. It also couples with 
diazotised bases forming the middle or end 
component of disazo-dyes. From its diazo- 
compound, a-naphthol can be obtained, and is 
also formed when a-naphthylamine hydro- 
chloride or sulphate is digested with water at 
200°. By sulphonation, it furnishes a series of 
mono-^ di-, and iri-sulphonic acids. Reduction 
in boiling amyl alcoholic solution with sodium 
converts it into ar.-tetrahydrO'a-napMhylamine. 
When heated with zinc chloride or calcium 
chloride at 280° it undergoes partial decom- 
position into aa-dinaphthylamine and ammonia 
(Benz, ibid. 1883, 16, 14). 

Oxidised by potassium dichromate and dilute 
sulphuric acid it yields [a-ynaphthaquinone and 
phthalic acid (Monnet, Reverdin, and Nolting, 
ibid. 1879, 12, 2306). but with oxidising agents 
such as ferric chloride, silver nitrate, mercuric 
chloride, or chromic acid, its salts in aqueous 
solution produce an azure- blue precipitate of 
“ naphthamein,” which rapidly becomes purple, 
dissolves in chloroform, and is not bleached by 
sulphurous acid (Piria, Annalen, 1851, 78, 64; 
Schiff, ibid. 1857, 101, 92 ; 1864, 129, 255). 

With excess of nitrous gases and subsequent 
warming, a-naphthylamine hydrochloride sus- 
pended in water gives rise to 2-nitro-a-naphthol 
(Varma and Krishnamurthy, J. Indian Chem. 
Soc. 1926, 3, 326). It also forms blood-red com- 
pounds, m.p. 72° and 64*5°, with l-chloro- and 
}-bromo-2:4:-dinitrobenzene (Buehler, Hisey, and 
Wood, J. Amer. Chem. Soc. 1930, 52, 1939). 

Acyl Derivatives. 

N-Formyl-a-naphthylamine, obtained by 
boiling a-naphthylarnhie with 16*3% formic 
acid (6*2 parts) for ^ hour, crystallises from water 
in needles, m.p. 138-5° (Tobias, Bor. 1882, 15, 
2447). 

N- Acetyl -a-naphthylamine {acst-a-naph- 
thalide) is formed by heating a-naphthol with 
ammonium acetate at 270-280° (Calm, ibid. 
1882, 15, 616), and prepared by boiling a- 
jiaphthylamino with 1-25 times its weight of 
glacial acetic acid for 4-5 days (Liebermann and 
Dittler, Annalen, 1876, 183, 229). It crystallises 
in needles, m.p. 159°, is easily soluble in alcohol 
and acetic acid, and dissolves moderately in hot 
water but is almost insoluble in the cold (Lieber- 
mann and Dittler, l.c, ; Tommasi, Bull. Soc. 
chim. 1873, [ii], 20, 20). 

Reactions . — ^Nitration converts acet-a-vaphtha- 
tide into a mixture of 2-nitro- and ^-nitro-acet-a- 
napkthalide and finally into 2:4i-dinitroacet-a- 
naphtkalide. By sulphonation with warm 20- 
26% anhydro-acid it yields chiefly acet-a- 
naphthalide-5-sulpkonic acid, the 4:-8ulphonic 
acid being the minor product, but with 35% 
anhydro-acid below 30° the 5:7 -disulphonic acid 
is obtained. In acetic acid solution with 
chlorine it gives 2:4-dichloroacet-a-naphihalide 
(Cleve, Ber. 1887, 20, 448), but with sodium 
chlorate and hydrochloric acid 4-chloroacet-a- 
naphthalide (Reverdin and Cr^pieux, ibid. 
1900, 83, 682). 

N - chloroacet - a - naphthalide, dissolved in 
aqueous alcohol or acetic acid, is changed in the 
presence of hydrochloric acid to 4^-chloroacet-a- 


naphtkalide as main product, some of the 2- 
cA^o-compound being also formed (Hoogeveen, 
Rec. trav. chim. 1930, 49, 503). The effect of 
vaiying the acyl substituent on the yield of the 
nitration products has been studied by Hodgson 
and Walker (J.C.S. 1934, 180). 

Alkyl Derivatives. 

N-Methyl-a-naphthylaminc, obtained by 
boiling a solution of formyl -a-naphthylamine 
in xylene with sodium (1 at.), adding methyl 
iodide (1 mol.) and saponifying the methyl 
derivative by dilute sulphuric acid, is an oil, 
b.p. 293° (Fischer, Annalen, 1895, 286, 159; cf. 
Landshoff, Ber. 1878, 11, 638). 

Reactions . — It has been proposed as end com- 
ponent in certain disazo-dyes {cf. Cassella, G.P. 
71329). The 4-sulphonic acid can be prepared 
from a-naphthol-4-sulphonic acid by inter- 
action with methylaminc and methylamine bi- 
sulphite at 150° (Badische, G.P. 121683; B.P. 
18726, 1900). 

N-Di methyl -a-naphthylamine, obtained 
by heating a-naphthylamine hydrochloride with 
methyl alcohol (2 mol.) during 6-8 hours under 
pressure at 170°, is an oil, b.p. 272-274°, 

1 0423 (Friedlander and Welmans, Ber. 1888, 
21, 3124; cf. Pinnow, ibid. 1899, 32, 1406). It 
is prepared in 70% yield from a-naphthylamine 
and methyl sulphate in presence of caustic soda 
(Gokhle and Mason, J.ChS. 1930, 1757), or in 
90-97% yield by heating a-naphthylamine with 
methyl p-toluencsulphonate (2 mol.) at 166- 
160° (Rodinov and Vedenski, Bull. Soc. chim. 
1929, [iv], 45, 121). Its chloro-, nitro-, and 
rwtroso-derivatives have been described ; the 
hydrochloride of the nitroso-dorivative decom- 
poses into nitroso-a-naphthol and dimethyl- 
amine in aqueous or alcoholic solutions. 

Reactions . — By sulphonation with 95% sul- 
phuric acid at 130° it furnishes dimethyl-a- 
naphtlwlamine - 5 - sulphonic acid, HA-fHgO, 
spariiigly soluble scales, together with an easily 
soluble isomer (Fussganger, Ber. 1902, 85, 977 ; 
cf. Friedlander and Welmans, l.c.). Reduction 
in boiling amyl alcohol solution by sodium con- 
verts it into ar-tetrahydrodimethyl-a-naphthyl- 
amine. 

N-Ethyl-a -naphthylamine is an oil, b.p. 
303°/722-5 mm. (Friedlander and Welmans, l.c.), 
325-330°/776 mm., and 191°/16 mm. (Morgan 
and Micklethwait, J.C.S.' 1907, 91, 1516), which, 
on reduction in boiling amyl alcohol solution 
with sodium, furnishes a,i -tetrakydroethyl- a- 
naphtylamine. It is used in the manufacture of 
Victoria Blue R. 

N-Diethyl-a-naphthylamine, obtained by 
heating a-naphthylamine with caustic soda (2 
mol.), a little water, and ethyl bromide or iodide 
(2 mol.) at 110-120°, and separated easily from 
the quaternary compound, m.p. 98-100°, also 
formed, is an oil, b.p. 283-286°, p 1-005 (Fried- 
l&nder and Welmans, l.c.). 

Aryl Derivatives. 

N-Phenyl-a-naphthylamlne can be ob- 
tained by the interaction of a-naphthylamine or 
a-naphthol with aniline in presence of suitable 
catalysts. The generally adopted method is to 
heat 260 g. a-naphthylamine, 300 g. aniline, and 
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6 g. sulphanilic add in a pressure vessel for 24 
hours at 210-230°, the ammonia formed being 
released from time to time. The products oi 
reaction are separated by vacuum distillation, 
aniline and a-naphthylamine coming over first 
and then the phenyl-a-naphthylaminc at about 
224°/ 12 mm. The product is of good quahty, 
m.p. 53°. Sulphanilic acid as catalyst gives a 
purer product than aniline hydrochloride and 
moreover is less corrosive, enabling an iron vessel 
to be used (Fierz- David and Blangey, Farben- 
Chem. 1938, Springer, 4th ed.). Alternative 
catalysts for this reaction are iodine (Knoll, 
G.P. 241853; Knoevenagel, J. pr. Chem. 1914, 
[iij, 89 , 20) or, preferably, ammonium iodide 
(Hodgson and Marsden, J.C.S. 1938, 1181). 
Phenyl-a-naphthylamine has m.p. 62°, b.p. 
335°/258 mm. or 226°/l5 mm., is insoluble in 
dilute acids, and couples with diazotised bases 
as end component in disazo-dyes (c/. Bayer, 
G.P. 48924; B.P. 14442, 1888). It is used in 
the manufacture of Victoria Blue B and has 
found application as an antiager in rubber. I 
N-o-Tolyl-a-naphthylamine, obtained by 
using o*toluidine instead of aniline in the fore- 
going methods, forms needles, m.p. 94-95°, 
b.p. 198-202°/9mm. (Friedlander,Z.r.; Knoll, /.c.). 

N-p-Tolyl- a-naphthylamine, obtained 
similarly by the use of p-toliiidine, has m.p. 
78-79°, b.p. 360°/258 mm., or 236'715 mm. 
(Girard and Vogt, Bull. Soc. chim., 1872, [ii], 
18 , 68 ; Friediander, l.c . ; Knoll, Lc.). It 
couples with diazotised bases as end component 
in disazo-dyes (c/. Bayer, G.P. 49808 ; B.l*. 
14442, 1888). 

Aryl -a -naphthylami nesv Ij^honi c A rids. 

Of these derivatives, the phenyl- (or o- or p- 
tolyl-) 3-, 4-, 5-, 6-, 7-, and 8-sulphonic acids 
have been prepared by heating the corresponding 
a-naphthylaminesulphonic acids with aniline 
(or o- or p-toluidine) and its hydrochloride at 
160-170°. The acids are very sparingly soluble 
in Water; the sodium salts crystallise in scales, 
and, with the exception of the 3-, 7-, and 8- 
sulphonates, are sparingly soluble (Bayer, G.P. 
70349; 71158; 71168; B.P. 7337a, 1892). The 
most important technically are phenyl- and p- 
tolyl’a-naphthylamine-S-sidphonic acids used in 
manufacture of disazo bla(;k and navy blue dyes 
for wool. 

Among the a-naphthylamine-di- and -tri- 
sulphonic acids, arylation has been confined for 
the most part to those which contain one of the 
sulphonic groups in the same nucleus as, and in 
either the 3- or 4 -position relatively to, the 
amino-group. With these acids : 

(a) If the sulphonic group is present in the 
4-position, it can be exchanged for 
hydrogen. Thus the a-naphthylamine- 
4:6-, 4:7-, and 4:8-di8ulphonic acids by 
arylation furnish respectively the phenyl 
(or o- or p-tolyl)-a-naphthylamine-6-y 7-, 
and 8-mono8tdphonic acids (Aktienges., 
G.P. 168923; 169363; B.P. 16624, 
24669, 1904). 

(h) I the sulphonic group is present in the 
3-position, it can be exchanged for an 
arylated amino-group. Thus the a- 


naphthylamine-3:6-, -3:7-, and-3:8-di8ul- 
phonic acids by arylation yield respec- 
tively the diphenyl-{or di-o- or di-p- 
tolyl)-}:^'diaminonaphtJialene-6-, -7-, and 
-S-monosulphonic acids (Bayer, G.P. 
75296; 76414; B.P. 8898, 1893). 

a-NAniTIIYLAMINESULPflONlC ACIDS. 

a-Naphthylarainesulphonic acids can be pre- 
pared by the following general methods, of 
which the last two are technically unimportant : 

1. By suly)honation of a-naphthylamine. 

2. By nitration of naphthalenesulphoni<; acids 

and subsequent reduction. 

3. By sulphonation of a-naphthylaminesul- 

phonic acids obtained from nitronaptha- 
lenesulphonifi acids. 

4. By heating a-naphtholsulphonic acids, 

other tlian those w'hich contain sul- 
jdionic acid groups in the 2- or 3- 
position, with ammonium sul])hite solu- 
tion and ammonia at 100-150°, and 
afterwards acidifying the products. 

5. By heating a-chloronaphthalenesulphonic 

acids with ammonia under pressure. 

6. By j)artial hydrolysis of a-naphthylamine- 

di- or -tri-sulphonic acids. 

Tw'o of the rnonosulphonio acids are obtained 
by methods apjdicable only to them ; 

(a) a-Naphthylamine-4-sulphonic. acid, one of 
the three monosulphonic* acids formed 
from a-naphthylamim? by sulphonation, 
is obtained mixed only with a small 
amount of the 5-sulphonic acid by 
“ baking ” the acid sulphate of a- 
naphthylamine at 180 -200° : 



(6) a-Naphthylamine-2-8ulphonic acid is the 
only monosulphonic acid formed when 
sodium a-naphthylsulphamate or sodium 
a-naphthylamino-4-sulphonate is heated 
at about 200° : 
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The first general method, the sulphonation of 
a-naphthylamine, leads to the formation of 
three monos three di*, and three tri-sulphonic 
acids. The composition of the Hiili)tK)nation 
product depends on the four factors, concentra- 
tion and relative quantity of the sulphuric acid, 
and temperature and duration of the reaction ; 
but Erdmann has shown that it is possible to 
obtain, as chief product, successively the 4-, 5-, 
and b-monosulphonie acid by prolonging the 
reaction without altei ing the temperature or the 


^'oncentration of the sulphuric acid (Annalen, 
1893, 275 , 192). From the scheme which 
indicates the constitution of the products 
obtained by sulphonating each of these three 
acids it will be seen 

1. that the 2-position is not occupied in acids 

I, 11, and ill until trisulphonation 
occurs ; 

2. that entry of the sulphonic group into the 

3- or the 8 -position does not take place : 



Although in the sulphonation of a-najjhthyl- 
amine, its entry into the molecule is delayed 
until trisulphonation occurs, yet if introduced 
early {see supra) the 2 -sulphonic group is retained 
in position when a-naphthylainine-2-sulphonic 
acid interacts with sulphuric acid 



reduced in weak acid solution by iron, and in 
turn these acids by sulphonation or desiilphona- 
tion may furnish a-naphthylamine sulphonic 
acids not obtainable in other ways. Thus the 
3-Bulphonic acid, like the 3:8-disulphonic acid, 
arises from a-nitronaphthalenc-3:8-disulphonic 
acid 



and can be further sulphonated 


The second and third general methods afford a 
means whereby several of the more important 
acids, those containing a sulphonic group in the 
8- or per^-position, can be obtained. For the 
production of such acids, nitronaphthalenesul- 
phonic acids of corresponding constitution are 
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The limit of sulphonation is reached for most 
of the a-naphthylaminesulphonic acids when tii- 
sulphonation has been elfected. Two exceptions 
only have been observed to this rule and in each 
the trisulphonic acid which undergoes further 
Bulphonation 

{a) is prepared, not from a-naphthylamine, 
but by reduction of the corresponding 
a-nitronaphthalene-3;6:8- or 4:6:8-tri- 
sulphonic acid, and 

{h) contains one sulphonic-group in the peri- 
or 8-position relatively to the amino 
radical. 

The tetrasulphonation product from either 
source is isolated from the sulphonation melt as 
a naphthasultamtrisulphonic acid : 



owing to the formation of the -anhydride or 
sultam, dehydration in the peri-position being a 
property which characterises both tri- and tcira- 
sulphonic acids of this type. 

From solutions of the alkali monosulphonatcs 
the acids are precipitated, but from those of the 
di- and tri-sulphonates, acid salts separate on 
the addition of mineral acid. A comparison of 
the relative strengths of the monosulphonic acids 
shows that the 2-acid is about 10 times as strong 
as the 4-, 5-, 6-, or 7-acid and about 2,000 times 
as strong as the 8 -acid (Erdmann, ibid. 1893, 
276, 276). 

Naphthylaminosulphonie acids do not form 
arylamine salts owing probably to internal salt 
formation. If, however, the amino-group is 
acotylated — best effected in pyridine solution 
by acetic anhydride — the production of aryl- 
amine salts no longer presents difficulty (Forster 
and Watson, J.S.C.I. 1927, 46, 224t; Forster, 
Hanson, and Watson, ibid. 1928, 47, 155t, 
Forster and Mosby, ibid. 157t). 

The naph thy laminesul phonic acids can be 
converted into sulphonyl chlorides by the action 
of ehlorosulphonic acid (I.G., B.P. 331596) or 
in some cases after substituting the amino- 
group (Aktienges, G.P.a. 38511, Hochst, G.P. 
292367). 

The anilides of a-naphthylamine-4-, 6-, 6-, 
7-, and 8-sulphonic acids have m.p. 190°, 171°, 
127-128°, 146-147°, and 139-140°, respectively 
(Heller and Sturm, J. pr. Chem. 1929, [ii], 121, 
193). 

The rates of diazotisation, of coupling and of 
decomposition of diazo-compounds of a-naph- 
thylamine and its seven monosidphonic acids 
have been measured, from which it appears that 


the presence of the sulphonic acid group 
decreases the stability of the amino -group 
towards nitrous acid, and that of the acids, the 
1:2- and 1:4- are most readily diazotised, 1:5- 
and 1:8- most tardily (Vendelstein, A. 1927, 
760). 

A volumetric method for estimating a-(or 
j3-)naphthylaminesulphonic acids, based on their 
different capacity for absorbing bromine, has 
been devised by Vaubel (Chom.-Ztg. 1893, 17, 
1265). Most of these acids can be estimated 
accurately by titration with diazotised p- 
nitraniline (Bucherer, cf. J.S.C.I. 1907, 26, 818). 

a-Naphthylaminesulphonic acids are used for 
the following purposes : 

(i) Conversion into a-Naphtholsulphonic Acids. 
— The exchange of amino- for hydroxyl is 
effected not only by the diazo -reaction or by the 
bisulphite method but in certain cases by heat- 
ing the acids with water at 180-200° under 
pressure. This reaction takes place most 
readily when sulphonic groups are present in 
the same nucleus as, or in the 8-position relative 
to, the amino-group, and, as the example shows, 
the amino-gj’ou]) is replaced more readily than 
the a-sulphonic group by hydroxyl. 



An example of the use of bisulphite is the 
preparation of a-naphthol-4-sulphonic acid from 
naphlhionic acid {see p. 3346). 

(ii) Conversion into a- Aminonaphtholsulphonic 
Acids . — The exchange of sulphonic for hydroxyl 
is achieved either by digestion of the sulphonic 
acid with concentrated caustic soda solution 
at 1 89-250° under pressure or by fusion with 
caustic soda at 180-260°. As is customary, sul- 
phonic groups in a- are more easily replaced than 
those in jS-positions, and of groups in a-positions, 
when there is a choice, that in the 8-position is 
the first to be exchanged. Acids containing a 
3-sulphonic group are decomposed by caustic 
soda at high temperatures furnishing hydroxy- 
toluic acids. 

(iii) Conversion into a - Naphthylaminesul - 
phonic Acids Containing a Smaller Number of 
Sulphonic Croups . — The exchange of sulphonic 
for hydrogen is accomplished by the aid of 
sodium amalgam in the cold, or of zinc dust in 
boiling dilute caustic soda solution, or of boiling 
76% sulphuric acid. Groups in a-positions are 
the first to be eliminated. While the 8-sulphonio 
group is removed most readily by the first two 
of those desulphonating agents, hydrolysis by 
means of sulphuric acid leads preferentially to 
the elimination of the 4-sulphonio group. 

The reactions summarise in the three pre- 
ceding paragraphs may be illustrated in the case 
of a-naphthylamin6-4:6:8-trisulphonic acid : 
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It may be noted that the a-naphthylarniiie- 
4:6-, 4:7-, and 4:8-di8ulphonic acids when heated 
with aniline or p-toluidine at 180°, furnish aryl- 
a-naphthylaminomonosulphonic acids by elimi- 
nation of the 4-sulphonic group. 

(iv) Conversion into Diaininoiiaphthalenesul- 
phonic Acids. — I’he exchange of sulphonic for 
amino- takes place only when the acid contains 
a 3-8ulphonic group, the 1 :3-diamin(>naphthalene 
derivative being produced by interaction of the 
acid with ammonia at 180°. Aniline and p- 
toluidine furnish l:3-diaryl-derivatives under 
these conditions. 

(v) Production of Azo-dyes. — Diazotisation of 
the sulphonic acids proceeds normally, except 
in the case of a-naphthylamine-2-8ulphonic acids 
which, as already indicated, yield diazo- oxides 
by exchange of the 2-8ulphonic group for 
hydroxyl in the absence of mineral acid. For 
an account of the coupling of a-naphthylamine- 
sulphonic acids with diazo-compounds, see 
p. 2726. 

(vi) Formation of Carbamide s.— a-Naphthyl- 
aminesulphonic acids, particularly the 4:6:8- 
trisulphonic acid, have found application in the 
preparation of trypanocidal substances for com- 
bating sleeping sickness. These are compounds 
of the type 

(XNH CO R'NH CO R"NH)2C0 

where R' and R" are phenylene residues and 
X is sulphonated naphthalene {see Bayer, G.P. 
228273 ; 289107 ; 289270 ; 289272). 

a-NaphthylsulphamIc Acid {a-naphthyl- 
amine~N -sulphonic acid ). — This acid is formed 
(with naphthionic acid) by ammonium sulphite 
reduction of a-nitronaphthalene, from a- 
naphthylamine and sulphamic acid at 110-113° 
(Ruijter de Wildt, Rec. trav. chim. 1904, 28, 
183 ; Quilico, Gazzetta, 1926, 56, 620) or from 
a-naphthylamine and chloroeulphonic acid 
(Tobias, G.P. 79132). The free acid has not 
been isolated but the alkali salts are soluble and 
moderately stable in presence of free alkali. 
When heated the salts are converted to 1- 
naphthylamine-4-sulphonate8 (low temperature) 
or l-naphthylamine-2-8ulphonate8 (high tem- 
perature) (Ruijter de Wildt, l.c.). a-Napthyl- 
sulphamio acid is easily diazotised (Traube, 

1891, 24 , 360; c/, LG.. B.P. 268789). It has 
been patented for use as the middle component 


in polyazo-dyes as it is said to couple exclusively 
in the para-position, whereas a-naphthylamine 
couples to some extent in the or^Ao-position as 
well. 

a-NAPHTHYLAMlNEMONOSCLrilOmc AciDS. 

(i) a-Naphthylamlne-2-sulphonic Acid is 
obtained by heating sodium a-naphthylamine-4- 
sulphonate (sodium naphthionate) at 200-250°, 
but owing to the imperfect distribution of heat 
throughout the mass, the yield does not exceed 
50% (Landshoff, G.P. 56563; B.P. 6195, 1890; 
cf. Erdmann, Annalen, 1893, 275, 225). If, 
however, the sodium naphthionate, suspended 
in boiling naphthalene, be heated at 180-230° 
for 2-3 hours, and the naphthalene afterwards 
removed by distillation with steam, the yield 
is almost quantitative, and the product contains 
as impurity only a small quantity of a-naphthyl- 
amine (Bayer, G.P. 72833). This acid is also 
formed when a-naphthylamine is heated with 
sulphanilic acid or its homologues at 180-250° 
(Bayer, G.P. 75319) ; or with a-naphthylamine- 
4- or jS-naphthylamine-S-sulphonic acid at 160- 
230° (Bayer, G.P. 77118; B.P. 21139, 1892); 
or when a-naphthylsulphamic acid is heated at 
170-240° (Tobias, G.P. 79132; B.P. 15067, 
1894). 

It is also stated to bo obtained from a-naph- 
thylamine in an indifferent solvent such as 
tetrachloroethane by the addition of chlorosul- 
phonic acid and subsequent heating for several 
hours at the boiling-point of the solvent (B.D.C., 
G.P. 392460). 

Identification. — The acid crystallises in needles, 
soluble in 244 parts of water at 20°, or in 31*3 
parts at 100° (Dolinski, Ber. 1905, 88, 1836). 
The barium, BaA.-f H«0, and calcium, CaA 2 , 
salts form sparingly soluble scales ; the potas- 
sium salt, KA, needles sparingly soluble in cold 
water; the sodium salt, NaA, scales soluble in 
10 parts of boiling or 60 parts of cold water. It 
is convertible into a-chloro7iaphthalene‘2-suU 
phonyl chloride, needles, m.p. 80°, and 1:2- 
dichii^oruiphthalene (Cleve, ibid. 1891, 24, 3472). 

Reactions, — From its sparingly soluble diazo- 
compound, a-naphlhol-2-sulphonic acid has been 
obtained. Nitration converts it into 5-nitro-a- 
naphthylamine-2-sulphonic acid. On sulphona- 
tion with 10% anhydro-acid in the cold it yields 
a‘naphthylamine-2:5-disidphonic acid. 
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(ii) a-Naphthylamine-3-sulphonlc Acid 

(elevens [y~]aci(l) can be obtained by tlie rcdiie- 
tion of a-nitronaphthalene-3-sulphoriic acid with 
ferrous sulphate (Clove, Ber. 1880, 19, 2181). It 
is also formtul when sodium a-naphthylamine- 
3:8-di8ulphonate is boiled with 75% sulphuric 
acid (Kalle, G.P. 64979), or with zinc dust 
and dilute caustic soda solution (Kalle, CbP. 
233934), or is reduced either by sodium amalgam 
in the cold (Friedlandtu* and Lueht, Ber. 1893, 
26, 3032; Bayer, G.P. 255724; B.P. 28172, 
1911) or eleetrolyticallv (Ba3^cr, G.P. 248527; 
251099; B.P. 28i73, 1911). 

Identification. — The acid forms sparingly 
soluble needles; the barium salt, BaAgI HgO, 
forms scales and, bke the calcium, potassium, 
and sodium, N a A, salts, is veuy soluble in water 
(Clcve, Ber. 1888, 21, 3271). It is convertible 
into a-chloronajddhalene -\l-s ulphonyl chloride, 
prisms, m.p, 106°, and l-M-dichloronaphthalcne 
(Cleve, l.c. ; Armstrong and Wynne, Pro(‘. (’.S. 
1895, 11, 240). 

Reactions. — It couples w ith diazotisc*d bases as 
the middle component of disazo-dyes, but has 
been litth? usecl for this purpose. Kiami its 
diazo-compound a-'uaphthoU'i-sulphonic acid has 
been obtained. Fusion with caustic alkali at 
250-260° gives \-amiino-'^-7iaphihol. Digestion 
with 60% caustic; soda solution at 250-280' 
furnishes odoluic arid (Kalle, G.P. 79028), but 
W'ith ammonia at 180° gives l:^-diami nonapht ha- 
lene or with aniline at 170° d i phenyl- iui-di- 
amino7iaphthalene. By sulphonation wdth 20% 
anhydro-acid in the cold, it yields a-7iaphthyl- 
am me-'S:5-d isu Iph onic ac i d . 

(iii) a-Naphthylamine-4-sulphonlc Acid 
{Naphthio7iic ar/c/), was first obtained by boiling 
a-nitronaphthalerie wiih ammonium sulphite iti 
alcoholic solution (Piria, Annalen, 1851, 78, 31). 
By using pressure, alcohol can be omitted 
(Ehrhardt and Hereward, B.P. 254402). It is 
formed when a-naphthylamine is sulphoiiated 
with “ fuming ” sulphuric acid (r/. Erdmann, 
Annalen, 1888, 247, 315), and eemstitutes the 
sole product when it is heated wdth sidphuric 
acid at 100-130° until the product is soluble in 
alkali (Witt, Ber. 1886, 19, 57, 578; cf. Verein, 
B.P. 2237, 1883) or with chlorosulphonie acid 
(Corbellini, A, 1927, 1179). It is manufactured 
from acid a-naphthylamine sulphate by the 
“ baking ” process at 180-200°, preferably in a 
vacuum (Nevilo and Winthcr, J.C.8. 1880, 37, 
632; Verein, l.c.; Paul, Z. angew. Chem. 1896, 
9, 685). It is also produced by heating a- 
naphthylamino with 3 times its weight of potas- 
sium bisulphato at 200° (Bischoff and Brodsky, 
Ber. 1890, 28, 1914). a-Naphthy famine sulphate 
oan also be “ baked ” with sodium sulphate 
(Langguth, Chim. et Ind. 1930, 24, 31) or alter- 
natively can be heated in a solvent such as 
transformer oil, the water of reaction being 
distilled off (I.C.I., B.P. 354201). It is also 
formed from a-naphthylamine-4:8-disulphonic 
acid by reduction with zinc dust and boiling 
dilute caustic soda solution (Kalle, G.P. 233934), 
or with sodium amalgam in the cold (Bayer, 
G.P. 256724; B.P. 28172, 1911), or electro- 
lyticaUy (Bayer, G.P. 248627; 251099; B.P. 
28173, 1911). 

This acid is also the product when the bisul- 


phite amination method is applied to sodium 
a-naphthol-4-sulphonate (Badische, G.P. 117471 ; 
B.P. 1387, 1900); or when sodium a-chloro- 
naphthalene-4-8ulphonate is heated with 25% 
ammonia solution at 200-210° (Oehler, G.P. 
72336). 

Preparation. — Fused a-naphthylamine (50 kg.) 
is stirred intt) sulphuric acid (36-5 kg.) and the 
mixture heated at 170-180° until a homo- 
geneous mass is obtained. Crystallised oxalic 
acid (2-5 kg.) is then stirred in, and the frothy 
mass, spread on leaden trays, is heated in an 
oven at 170-180° during 8 hours. When cold, 
the porous grey product is ground to a powder, 
extracted bv alkali and filtered, the filtrate 
acidified with hydrochloric acid and the washed 
precipitate converted into sodium salt (64 kg.). 
Should the salt still contain a-naphthylaminc or 
the 5-sulphonate, the former may be extracted 
bj' solvent naphtha, and the latter remf)ved by 
fractional crystallisation {cf. Schultz, “ Chem. 
d. Stcinkohlenth.,” F. Wieweg u. Sohn, 3rd ed. 
i, 202). In a more modern method, a-naphthyl- 
aminc sulphate is baked at a controlled tempera- 
ture in a rotating cylindrical drum. 

Identification. — The acid, HA+lHgO, forms 
small lustrous needles, which dissolve in 3,225 
parts of water at 20°, or in 438 parts at 100° 
(l)olinski, Ber. 1905, 38, 1836). J'he barium 
salt, BaAg+SHgO, scales, calcium salt, 
CaAa+SHjO, monoclinic tables, poiassiu7n 
salt, KA, scales, and sodiurn salt dissolve readily 
in water, and, like the acid, show marked blue 
fluorescen(‘e in dilute solution. It is convertible 
into a - chlorona phthalene ■ 4 - sulphonyl chloride 
{q.v.), and \\4-dichlorona2}hthalcn(i (Cleve, ibid. 
1887, 20, 73). 

Reactions. — Diazotised, it forms the first com- 
ponent of many azo-dyes. It couples with di- 
azotiseil bases, Congo Red and Benzopurpurin 
being familiar dyes in which it is used. 

From its sparingly soluble, micro -crystalline, 
yellow diazo-compound, a-7uiphthol-4-sulphonic 
acid may be obtained. This acid is also the 
product when the sodium salt is digested either 
with sodium bisulphite solution at 85-90°, 
followed' by acidification, or with 60% caustic 
soda solution at 240-260°. With sodium amal- 
gam in the cold it gives a-naphthylamme. By 
sulphonation with 25% anhydro-acid below 30°, 
it is converted into a mixture of a-naphthyl- 
amme-4:6-and -4:1 -disulphortic acids. Prolonged 
heating with sulphuric acid at 130° converts it 
successively into the S-sulphonic acid and the 
6-sulphonic acid, and it is the most easily 
hydrolysed acid of the three. Its sodium salt, 
when heated at 200-260°, is converted into sodium 
a-naphthylamine-2-sulphon<ite. On bromination 
it yields 2:4 -dibromo- a-naphthylamine, the 4- 
sulphonic group being removed and the amino- 
group unaffected (Heller and others, Z. angew, 
Chem. 1930, 43, 1132). 

Acet - a - naphthalide - 4 - sulphonic acid, the 
minor product of the sulphonation of acet- 
a - naphthalide with 20-25% anhydro - acid 
(Schultz, Ber. 1887, 20, 3161 ; see the S-sul- 
phonic acid), is obtained as sodium salt by stir- 
ring acetic anhydride (7 parts) into a solution 
of sodium a-naphthylamine-4-8ulphonate (15 
parts) at 60-70°, and salting out the product. 
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Both the acid and the sodium salt are crystalline 
and readily soluble in water (Hochst, G.P. 
129000; B.P. 17366, 1898; Nietzki and 

Ziibelen, Ber. 1899, 22, 451). Nitration converts 
it into the 5 -nitro- derivative. 

(iv) a-Naphthylamine-5-sulphonic Acid 
{Laurent's acid ; Cleve's [a-]naphthalidine8uL 
phonic acid) is obtained by reduction of a- 
nitronaphthalcne-5-sulphonic acid (Laurent, 
Cornpt. rend. 1850, 31, 538 ; cf. Cleve, Forhandl. 
1875, 9, 13 ; Bull. Soc. chim. 1875, [ii], 24, 511 ; 
Erdmann, Annalen, 1893, 275, 264 ; Schbllkopf, 
G.P. 40571; B.P. 15775, 1885). It constitutes 
the chief, with the 4-8iilphonie acid as sub- 
sidiary, product, when a-naphthylamine is 
warmed with twice its weight of “ fuming ” 
Buli)huric acid (Cleve, Forhandl, 1876, 7, 39 ; 
c/. Schmidt and Schaal, Ber. 1874, 7, 1367; 
Erdmann, Annalen, 1888, 247, 315) ; or when 
a-naphthylamine hydrochloride is sulphonated 
in the cold with 20-25% anhydro-acid (Witt, 
Ber. 1886, 19, 578; Schultz, ibid. 1887, 20, 
3161; Mauzelius, ibid. 3403); or when acet-a- 
naphthalidc is sulphonated with 3-4 times its 
weight of 20-25% anhydro-acid and the product 
(leacctylated by boiling the melt with water 
(Lange, ibid. 1887, 20, 2940; Ewer and Pick, 
G.P. 42874 ; Schultz, Z.c.), but is the minor 
product obtained in the manufacture of the 8- 
sulphonic acid from naphthalcne-a-sulphonic 
acid by nitration and reduction. It is also 
formed when sodium a-chloronaphthalene*5- 
sulphoTiate is heated with 25% ammonia solu- 
tion at 200-210° (Oehler, G.P. 72336). 

Preparation. — It can be readily prepared by 
nitrating naphthalene-a-sulphonic acid (^ee 
(vii), irifra) or by sulphonation of a-nitronaph- 
thfilene. The l-nitronaphthalene-5-sulphonic 
acid is less soluble than the accompanying 
isomers and can bo purified by recrystallising 
either the sodium or calcium salt, the purity 
being judged by the melting-point of the derived 
sulphonyl chloride, which should be 113°. The 
nitro- compound is reduced to the pure a- 
naphthylamine-5-sulphonic acid. Commercially 
this acid is obtained as a by-product from the 
manufacture of the 1: 8-isomer {infra). 

Identification. — The acid crystallises in an- 
hydrous needles, soluble in about 940 parts of 
cold water. The barium salt, BaA2+6H20; 
calcium salt, CaAa+QHjO, tables ; potassium 
salt, KA-f HaO, needles ; and sodium salt, 
NaA-fHaO, aggregates of needles, dissolve 
readily in water; both acid and salts show 
greenish fluorescence in dilute aqueous solution 
(Cleve, Bull. Soc. chim. 1875, [ii], 24, 511 ; Witt, 
l.c. ; Mauzelius, l.c.). It is convertible into a- 
chloronaphthalene-6-sulphonyl chloride (g.v.) 
and l:5-dichloronaphthalene (Erdmann, An- 
nalen, 1888, 247, 353). 

Reactions. — Diazotised, it forms the first com- 
ponent of several azo-dyes. It couples with 
diazotised p-nitraniline, forming both the ortho- 
and the para-azo-dye. From its sparingly 
soluble, yellow, crystalline diazo-compound, a- 
naphthol-b-sulphonic acid may be obtained. 
Digestion with concentrated caustic soda solu- 
tion at 250° converts it into 1 -amino-5-naphthol. 
By the Bucherer reaction, a-naphlhol-^-sulphonic 
acid can be obtained in 85% yield (Kogan and I 
VoL, VIII.— 20 


Nikolaeva, J. Appl. Chem. Russia, 1938, 11, 
652). By sulphonation with 35% anhydro-acid 
at 90-120°, it 3delds a‘nciphthylamine-2:6il - 
trisulphonic acid^ the intermediate 5:l-diaul- 
phonic acid being obtained by sulphonation of 
its acetyl derivative with 30% anhydro-acid in 
the cold, and subsequent deacetylation. On 
bromination it gives, besides a non-diazotisablo 
bromo- compound, 2A-dibromo-a-vaphihylamine- 
5-sulphonic acid (Heller et. al., Z. angew. Chem., 
1930,43,1132). 

(v) a-Naphthylamine-6-sulphonic Acid 
(Cleve' 8 [p-]acid; Erdmann's [p-]acirf), formed 
when a-naphthylamine'4-8ulphonic acid or 5- 
sulphonic acid is heated with sulphuric acid at 
125-130°, for many hours (Erdmann, Annalen, 
1893, 275, 200), is prepared by reduction of 
a-iiitronaplithalene-6-sulphonic acid by am- 
monium sulphide or by iron and dilute sul- 
phuric acid (Cleve, Ber. 1887, 20, 74). 

Preparation . — The product obtained by ni- 
trating naphthalene -jS-sulphonic acid, which 
consists almost entirely of a mixture of the a- 
nitronaphthalene-6- and -7-8ulph()nic acids {q.v.), 
after dilution with water, is neutralised by lime 
and the filtrate, rendered acid by acetic acid in 
small quantity, reduced at the boiling-point by 
soft-iron borings. The resulting solution is then 
freed from iron by milk of lime, concentrated, 
and either treated with sodium carbonate to 
obtain the greater part of the 7-i8omer as 
sparingly soluble sodium salt, or the mixed 
Cleve acids precipitated from the concentrated 
solution by hydrochloric acid. 

For many azo-dyes, mixed 1:6- and l:7-acids 
are used. If the pure acids are required, then, 
according to Fierz-David, enough magnesite is 
added to the diluted nitration melt to combine 
with the calculated amount of sulphonic acid 
present, the excess of sulphuric acid neutrafised 
by lime, and the reduction carried out as just 
described. When the boiling liquid has become 
colourless, it is neutralised by the addition of 
magnesite, and the filtrate after concentration 
to a small bulk precipitated by hydrochloric acid. 
The precipitate, 2-3 days later, is collected on a 
filter (the filtrate being violet owing to the 
presence of hydroxylamino compounds) and 
washed with cold water until colourless. As 
much as 28% of the calculated yield of Cleve 
acids may be lost in this filtrate. The acids, 
now free from impurities, isomers, and disul- 
phonic acids, are converted into sodium salts 
and finely powdered common salt stirred in the 
hot concentrated solution during one day, to 
effect a complete separation of the pure sodium 
7-sulphonate. From the mother-liquor on 
acidification, a precipitate of the 6-8ulphonic acid 
in an almost pure state is obtained, the remain- 
ing impurity being removable by retreatment 
(H. E. Fierz-David and L. Blangey, “ Far- 
benchemie,” 4th ed., p. 129). 

Identification . — The acid, HA-f 2 H 2 O, forms 
needles soluble in 1,()00 parts of water at 16°. 
The barium salt, BaAa+HjO, needles, is only 
sparingly, but the calcium salt, CaAg-f THgO, 
tablets, potassium salt, KA-fHaO, scales, and 
sodium salt, NaA+4iHaO, thin tablets, are 
easily soluble in water ((Jleve, Forhandl, 1876, 
7. 64; Bull. Soc. chim. 1876, [ii], 26, 447; 
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Erdmann, ?.c., p. 266). It is convertible into 
a’ChlorcmaphtfuiU7ie-Q-8ulphonyl chloride (q.v.), 
and liQ-dichlorovaphthalene (Erdmann, l.c.). 

Reax^tions. — It couples with diazotised bases 
and is of importance as the middle or end com- 
ponent of disazo or trisazo-dyea. From its 
diazo-compound or by the bisulphite method, a- 
naphthol-^-sulphonic acid may be obtained. 
Fusion with caustic alkali converts it into 1- 
amino-^-naphthol. By sulphonation with 10% 
anhydro-acid it yields a-najdithylamine-^i^- 
disulphonic acid. 

(vi) a-Naphthylamine-7-sulphonic Acid 
(Cleve's [jS-] or [S-jacid ; elevens acid) obtained 
by the reduction of a-nitronaphthalene-7- 
sulphonic acid (Cleve, Ber. 1888, 21 , 3264; 
Erdmann, Annalen, 1893, 275 , 272), or by boiling 
a-naphthylamine-2:7-di8ulphonic acid with 80% 
sulphuric acid (Kalle, G.P. 62634), or from a: 
naphthol-7-8ulphonic acid by the lusulphiie 
method (Badische, G.P. 117471 ; B.P. 1387, 
1900). 

Preparation. — This acid is obtained, mixed 
with about an ccpial amount of the G-sulphonic 
acid {q.v.) by reduction of the nitration product 
of naphthalene-)3-sulphonic acid and easily 
separated from its isomer owing to the sparing 
soiubibty of its sodium salt in brine. 

JdentificcLtion. — The acid, HA-j-HgO, forms 
scales soluble in 220 parts of water at 25“. The 
barium salt, BaA 2 , needles, is only sparingly, 
but the calcium salt, CaA 2 + 2 H 20 f potassium 
salt, scales, and sodium salt, NaA+^HgO, 
needles, are easily soluble in water (Clove, l.c.). 
It is convertible into a-cJdoronaphthalene-l - 
sulphonyl chloride {q.v.) and ]:l-dichloronaphtha- 
lene (Armstrong and Wynne, Proc. C.S. 1889, 
6. 49). 

Reactions. — It couples with diazotised bases, 
and is of much importance as the middle or end I 
component of many disazo- and trisazo dyes. 
From its diazo-compound or by the bisulphite 
method, a-naphthol-7 -sulphonic acid may be 
obtained. Digestion with 60% caustic soda 
solution at 260° converts it into l-amino-7- 
naphthol. By sulphonation with 26% anhydro- 
acid at 60° it yields a-naphthylamineA:l -disul- 
phonic acid. 

(vii) a-Naphthylamine-8-sulphonic Acid 
{Schollkopf acid : usually known as peri-acid) is 
obtained by reduction of a-nitronaphthalene-8- 
sulphonic acid in acid solution with iron (Scholl- 
kopf, G.P. 40571 ; B.P. 16775, 1885); it is also 
formed when sodium l:8-naphthasultam-2:4- 
disulphonate is digested with 20% hydrochloric 
acid at 160° (Dressel and Kothe, Ber. 1894, 27 , 
2140). 

Preparation . — ^Naphthalene is sulphonated to 
naphthalenc-a-sulphonic acid by being stirred 
into sulphuric acid and allowing the temperature 
to rise not above 55°. The mass is then nitrated 
to a mixture of a-nitronaphthalene-6- and -8- 
Bulphonic acids to which, after diluting with 
water, is added enough magnesium or am- 
monium sulphate to form the salt of the 
sulphonic acid and then bme to remove the sul- 
phuric acid as gypsum. The solution of nitro- 
naphthalenesulphonate (magnesium or am- 
monium salt) is then reduced by making faintly 
acid, nmning into a boiling water suspension of 


iron borings with ferrous sulphate as catalyst, 
and precipitating soluble iron by adding the 
appropriate alkali (magnesia or ammonia). 
The filtered solution now contains the mixed 
a-naphthylamine-8- and -6-sulphonic acids {peri- 
and Laurent acids respectively) as soluble salts 
(the sodium salt of peri-acid is too sparingly 
soluble for this process). The two acids are 
separated by taking advantage of the fact that 
on acidification the peri-acid is precipitated 
before the Laurent acid. The amount of acid 
to bo added to precipitate only the former can 
be controlled by pH measurement (Du Pont, 
LJ.S.P. 1912639; Tinker, B.P. 389098 ; Nat. 
Aniline and Chem. Corp. U.S.P. 1996822). The 
precipitated peri-acid is filtered off and from the 
filtrate Laurent acid is isolated in an impure 
form by completing the acidification. 

Identification . — The acid, HA-fH20, forms 
needles soluble in 4,800 parts of water at 21° 
or in 238 parts of boiling water ; the potassium 
salt, KA, scales, soluble in 280 pai-ts of water at 
19° or in 67 parts at 100°; the sodiurn salt, 
NaA, scales or tables, soluble in 885 parts of 
water at 24° or in 375 j)arts at 100° (Erdmann, 
Annalen, 1888, 247 , 320). It is convertible into 
a-chloronaphthalene-S-sulphonyl chloride {q.v.) 
and l:S-dichloronaphthalenc (Armstrong and 
Wynne, Proc. C.S. 1895, 11, 84). 

Reactions. — It couples with diazotised bases, 
and has been used as middle or end component 
in azo-dyes. From its sparingly soluble diazo- 
compound naphthasultone (the anhydride of 
a-naphthol-8-sulphonic acid) can be obtained. 
Digestion with water at 200° converts it into 
a-naphthol-S-sulphonic acid, and with 9% caustic 
soda solution at 220-260° into -dihydroxy' 
naphthalene., but fusion with caustic alkali at 
200° furnishes l-amino-S-naphthol. By de- 
hydration with phosphorus oxychloride at 130°, 
it yields the anhydride, naphthasultam, and with 
40% anhydro-acid at 80-90° naphthasultam- 
2A-disulphonic acid is formed, but with 10% 
anhydro-acid in the cold sulphonation alone 
occuts, a-naphthylamine-4:'.S-disulphonic acid 
being the product. If peri-acid is stirred with 
excess of concentrated sulphuric acid for several 
hours at 75-80° it is converted into naphthionic 
acid (Wahl and Vermeylen, Compt. rend. 1927, 
184 , 334). 

N -Phenyl- a-naphthylamine-H-sulphonic Acid 
{phenyl-peri-acid) is obtained when a-naphthyl- 
amine-8-sulphonic acid (1 part) is heated with 
aniline (3 '6 parts) and aniline hydrochloride 
(1 part) at 160-170° for 10 hours (Bayer, G.P. 
70349; 71168; B.P. 7337A, 1892)~iodine can 
also be used as catalyst (Hodgson and Marsden, 
J.S.C.I. 1939, 58 , 164r-159) — or when the acid 
sodium salt of a-naphthylamine-4:8-disulphonic 
acid (1 part) is heated with aniline (4 parts) at 
180° for 30 hours (Aktienges., G.P. 158923 ; 
B.P. 16624, 1904). The product, after bei^ 
rendered alkaline, is freed from aniline by distil- 
lation with steam and the phenylated acid 
precipitated by hydrochloric acid, or salted out, 
or used in solution without isolation. The acid 
is only sparingly, but the sodium salt easily 
soluble in water. It couples with diazotised , 
bases forming monoazo-dyes. It is used in the 
important azo-dye Coomassie Navy Blue 2RN. 
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a-NAPHTHYLiLMINEDISULPHONIO ACIDS. 

(i) a - Naphthylamine - 2:4 - disulphonic 
Acid is obtained when a-naphthylamme-2:4:6- 
trisulphonic acid is reduced electrolytically, or by 
sodium amalgam (Bayer, G.P. 248527 ; 251099 ; 
255724; B.P. 28172; 28173, 1911) or, mixed 
with the 4*8ulphonic acid in small amount, 
when a-nitronaphthalene is heated with sodium 
bisulphite solution at 100° (Htichst, G.P. 92082). 
Its sodium salt is easily soluble in water. 

Reactions . — Its diazo-compound yields naph- 
thalene-h^-disulphonic acid by elimination of the 
amino-group, and 2'A-dinitro-a-najjhlhol when 
warmed with dilute nitric acid (Hochst, l.c.). 
Fused with caustic alkali, it furnishes l-amiiio-2- 
naphtholA-aulphonic acid, whilst its diazo- 
compound, oxidised by hypochlorite in sodium 
bicarbonate solution, furnishes the tiiazo-oxide 
of this acid (Badische, G.P. 160536 ; B.P. 4997, 
1904). 

(ii) a- Naphthylamine - 2:5 - disulphonic 
Acid is obtained from a-naphthylamine-2-8ul- 
phonic acid by sulphoiiation with 10% anhydro- 
acid in the cold (Landshoff, G.P. 56563 ; B.P. 
6195, 1890). It is easily soluble, but its acid 
salts are only very sparingly soluble in water. ; 

Reactions. — It yields naphthalene-l'.^-disul- 
phonic acid by elimination of the amino-group, | 
and a-naphthylamine’5-8ulphonic acid by partial 
hydrolysis with dilute sulphuric acid at 160° 
(Tobias, Ber. 1890, 28, 1631 ; Landshofif, l.c.). 
Digestion with 50% caustic soda solution at 1 
240-270° furnishes ]‘amino-5-naphthoU2-.Hul~ 
phonic acid. By sulphonation with 40% an- 
hydro-acid at 120° it is converted into a- 
naphthylamine-2:5:74riaulphonic acid. 

(iii) a - Naphthylamine - 2:6 - disulphonic 
Acid, stated to be obtained when a-naphthyl- 
amine-2:4:6-tri8ulphonic acid is heated with 
mineral acids, has not been described (Bayer, 
G.P.a. 31910). 

(iv) a - Naphthylamine - 2:7 - disulphonic 
Acid, obtained by partial hydrolysis of a- 
naphthylamine - 2:4:7 - trisulphonic acid with 
water at 230° under pressure (Kalle, G.P. 62634), 
is also formed when a-naphthylamine-2:5:7-tri- 
sulphonic acid is desulphonated either by sodium 
amalgam in the cold (Bayer, G.P. 255724; B.P. 
28172, 1911) or by boiling it with zinc dust and 
dilute caustic soda solution (Kalle, G.P. 233934). 
It crystallises in needles ; its barium salt is very 
sparingly soluble in water, and solutions of its 
alkali salts show bluish-green fluorescence 
(Kalle, G.P. 62634). 

Reactions. — It yields a-naphthol-2:7 -disul- 
phonic acid by the diazo-reaction, naphthalene- 
2’.1 -disulphonic acid by elimination of the amino- 
group, and a-naphthylamine-7 -sulphonic acid by 
heating it with dilute sulphuric acid or water 
under pressure (Kalle, Lc.). 

(v) a - Naphthylamine - 2:8 - disulphonic 
Acid is obtained from naphthasuitam-2:4- 
disulphonio acid by partial hydrolysis with 40% 
sulphuric acid at 110° (Cassella, G.P. 75710). 
It crystallises in moderately soluble long needles ; 
the solutions of its alkali salts show green 
fluorescence. 

Reactions . — ^With nitrous acid (1 mol.) it does 
not give a reactive diazo-compound, but it 


couples with diazotised bases forming azo-dyes. 
Fusion with caustic soda converts it into 1- 
amino-S-naphthol-2-sulphonic acid. 

(vi) a - Naphthylamine - 3:5 - disulphonic 
Acid is formed by sulphonating a-naphthyl- 
amine-3-sulphonic acid with 4 times its weight 
of 20% anhydro-acid in the cold. 

Identification. — The acid potassium salt, 
KHA-f2H20, forms short needles convertible 
into a-chloronaphthalene-‘S:5-di8ulphonyl chloride, 
m.p. 130°, and }:Z:5-tricfdoronaphthalene (Arm- 
strong and Wynne, Proc. C.S. 1895, 11, 240). 

(vii) a - Naphthylamine - 3:6 - disulphonic 
Acid {AUn^s [a-]acid ; Freund^s acid) is oht&ined 
by reduction of a-nitronaphthalene-3:6-di8ul- 
phonic acid (Alcn, Forhandl, 1883, 8, 3 ; Freund, 
G.P. 27346; B.P. 1069, 1883; Armstrong and 
Wynne, Proc. C.S. 1895, 11, 82), or by boiling 
a-naphthylamine-3:6:8-tri8ulphonic acid with 
zinc dust and dilute caustic soda solution (Kalle, 
G.P. 233934 ; Ostroshinskaja, Anilinokras Prom. 
1935, 5, 138-143). 

Preparation . — The nitration product of sodium 
naphthalene-2: 7-disulphonate diluted with water 
is reduced by soft-iron borings, the iron and 
excess of sulphuric acid removed by lime, and the 
filtrate, after precipitation by sodium carbonate, 
acidified and evaporated to obtain the acid 
sodium salt. 

Identification . — The acid forms needles, and, 
like the barium, BaA-f-4H20, and calcium, 
CaA-f SHgO, tablets, also the acid potassium, 
KHA+ 3 H 2 O, and acid sodium, NaHA+3HoO 
salts, needles, is easily soluble in water (Alen, 
l.c.). It is convertible into a-chloronaphthalene- 
S:Q-disulphonyl chloride, and liSiii-trichloro- 
naphthalerie (Armstrong and Wynne, l.c.). 

Recudions. — From its diazo-compound, a- 
naphthol-3i0-disulphonic acid can be obtained. 
This acid is also formed when it is digested wnth 
water at 180°, but when it is boiled with 75% 
caustic potash solution the product is a mixture of 
the l-amino-2-7uiphthol-Q-sulphonicand l-amino- 
G-naphthol-3-sulpho7iic acids. Digestion with 
ammonia at 180° converts it into l:Z-diami7w- 
naphthalene-^’Sulphonic acid, and with aniline 
(or p-toluidine) at 150-160° into diphenyl- 
(or di-p- tolyl -) - 1 :3 - diammonaphthalene-Q-sul- 
pkonic acid). 

It has been used for the preparation of try- 
panocidal substances (Bayer, G.P. 288273). 

(viii) a - Naphthylamine - 3:7- disulphonic 
Acid {AUn's \fi-]acid), prepared by reduction of 
a-nitronaphthalene-3:7-disulphonio acid (Freund, 
G.P, 27346; B.P. 1069, 1883; Cassella, G.P. 
57007; 58352; Levinstein, B.P. 2682, 1891) is 
also formed when a-naphthylamine-3:5-7-tri- 
sulphonic acid is desulphonated either by sodium 
amalgam in the cold (Bayer, G.P. 255724 ; B.P. 
28172, 1911) or by boiling it with zinc dust and 
dilute caustic soda solution (Kalle, G.P. 233934). 

Identificalion.-^lt is easily soluble in water, 
and, like its salts, shows blue fluorescence in 
solution. The barium salt, BaA+HgO, cal- 
cium salt, CaA-f- 2 H 20 , and acid potassium 
salt, KH A, form sparingly soluble needles (A16n. 
Forhandl, 1883, 8 , 26). 

Reactions. — ^From its diazo-compound a- 
naphthol-^il -disulphonic asid can be obtained. 
This acid is also formed when it is digested with 
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water at 180°, but with 40% caustic soda solu- 
tion at 200° the product is a mixture of 1-ammo- 
l-naphthoUZ-su^ phonic acid with an isomeric acid 
(Cassella, G.P. 57007). Digestion with ammonia 
at 180° converts it into h'ii-dimninonaphthalene- 
1 -sulphonic acidy and with aniline (orp-toluidine) 
at 150-100° into diphenyl-{oT di-p-tolyl)-\:3- 
diaminonaphthalene-1 -sulphonic acid. 

(ix) a - Naphthylamine - 3:8 - disulphonic 
Acid {{€-]acid) is obtained by reduction of a- 
nitronaphthalene-3:8-di8ulphonic acid in acid 
solution at the boiling-point by iron borings or 
on the small scale by zinc dust {cf. Paid, Z. 
angow. Chein. 1896, 9, 502). 

preparation . — The mixture of this acid with 
a-nitronaphthalene-4;8-disulphonic acid, and 
some )3-nitronaphthalenedi8ulphonic acids, ob- 
tained by nitrating a disiilphonation molt con- 
taining the naphthalene- 1:5- and -l:6-disulphonic 
acids, is diluted with water, neutralised by lime, 
acidified slightly by sulphuric acid, reduced hot 
by soft-iron borings, again neutralised by lime 
and the filtrate converted into sodium salt. 
After concentration of the filtrate to a small bulk, 
the 4:8-di8ulphonic acid separates from the solu- 
tion in the course of several days as the normal 
sodium salt, the more soluble 3:8-8alt being 
retained in the mother-liquor from which it is 
precipitated as acid sodium salt by the addition 
of hydrochloric acid. The final mother-liquor 
contains the highly soluble sodium jS-naphthyl- 
aminedisulphonates (Aktienges., G.P. 45776; 
B.P. 4625, 1888; Ewer and Pick, G.P. 52724; 
Bemthsen, Ber. 1889, 22, 3328 ; Schultz, ibid. 
1890, 23, 77). The separation may bo achieved 
in the same way with the barium salts but more 
rapidly, as hot solutions may be used (S. Metro. 
Gas Co. and Stanier, B.P. 161859). 

Identification . — The acid, H2A+3H2O, forms 
very soluble scales. The barium salt, 
BaA-f4H20, forms needles sparingly soluble, 
and the ocic? barium salt, BaH2A2-f-6H20, 
microscopic needles almost insoluble in cold 
water; the normal sodium salt, Na2A-f-6H20, 
very soluble, and the acid sodium salt, 
NaHA'f2H20, soluble in about 30 parts of 
cold water, crystallise in long needles or thin 
prisms (Bemthsen, l.c.). It is convertible into 
a-chloronaphthalene-^'.S-disulphonyl chloride (q.v.) 
and l:3:S4richlorovaphthalene (Armstrong and 
Wynne, Proc. C.S. 1890, 6, 16). 

Reactions . — It couples with diazotised m- or 
p-nitroanibne (Aktienges., G.P. 170513 ; 174548), 
but not with diazotised aniline {cf. Bayer, G.P. 
75084). From the diazo- compound, naphtha- 
suUone-S-sulphonic acid, but by prolonged 
boiling with dilute sulphuric acid a-naphthol- 
^•.^‘disulphonic acid is obtained. This disul- 
phonic acid is also formed when a-naphthyl- 
amine-3:8-di8ulphonic acid is digested with 
water at 180° ; desulphonation, however, 
oeexu^, and a-naphthylamine-^-sulphonic acid 
is the product when it is boiled with 75% sul- 
phuric acid, or with zinc dust and dilute caustic 
soda solution, or is acted on by sodium amalgam 
in the cold. 

Fusion with caustic alkali below 210° furnishes 
l-aminO‘S-naphthol‘Z-sulphonic acid, but when 
it is heated with 9% caustic soda solution at 
250° it yields hS-dikydroxynaphthcUene-Z-svI- 


phonic acid. Digestion with ammonia at 180° 
converts it into l-.^-diaminonaphthalene^^^suU 
phonic acid and with aniline (or p-toluidine) at 
160-160° into diphenyl-{oT di‘p4olyl)~h3-di- 
aminonaphthalene-S-sulphonic acid. When sul- 
phonated with 40% anhydro-acid at 80-90°, 
naphthasultayndisidphonic acid-€ is the product. 

(x) a - Naphthylamine - 4:6 - disulphonic 
Acid {DahVs No. 11 acid) constitutes about 30% 
of the product obtained by sulphonating a- 
naphthylamine-4-sulphonic acid with 25% 
anhydro-acid in the cold {see the 4:7-di8ulphonic 
acid), and is separated by extraction of the 
mixed calcium salts with 85% alcohol in which 
it is soluble (Dahl, G.P. 41697). 

It is formed when a-naphthylamine-O-sul- 
phonic acid is sulphonated with 10% (Cassella, 
G.P.a. 4021) or 25% anhydro-acid (Bayer, G.P.a. 
7016; B.P. 15223, 1893) or when a-naphthyl- 
amiiio-4:6:8-trisulphQnic acid is boiled for some 
hours with zinc dust and dilute caustic soda 
solution (Kalle, G.P. 233934), or when the bisul- 
phite method of araination is appbed to a- 
naphthol-4:6-di8ulphonic acid (Badische, G.P. 
117471 ; B.P. 1387, 1900). 

Identification . — The calcium salt, CaA f 5H2O, 
forms needles soluble in 85% but insoluble in 
96% alcohol (Erdmann, Annalen, 1893, 275, 
219), and, like the potassium and sodium salts, 
is very soluble in water; the acid sodium salt, 
needles, is soluble in about 6 parts of water at 
20° (Dahl, lx.). It is convertible into a-chloro- 
naphthalene-i'X)-disulphonyl chloride., m.p. 126- 
127°, and lA-.iSdrkMoro'uaphthalene (Armstrong 
and Wynne, Proc. C.S. 1890, 6, 126). 

Reactions , — It couples with diazotised bases. 
From its modeiately soluble diazo-compound 
or by the bisulphite method a-naphtholA-.to -disul- 
phonic acid can be obtained. Fusion with 
caustic soda at 180-200° converts it into 1- 
arnino-Q-naphtholA-sulphonic acid, and at 200- 
220° into l:6-dihydroxynaphthaleneA-sulpho7iic 
acid. Heated with aniUne (or p-toluidine) at 
180°, it forms phenyl-{oT p-tolyl-)a-naphthyl- 
amine-i5- sulphonic acid by elimination of the 4- 
sulphonic group. By sulphonation with 35% 
anhydro-acid at 80-90° a-naphthylamine-2A:^- 
trisulphonic acid is obtained. 

(xi) a - Naphthylamine - 4:7 - disulphonic 
Acid {DahVs No. Ill acid) is obtained, mixed 
with about 30% of the No. II acid {see the 4:6- 
disulphonic acid), by adding sieved a-naphthyl- 
amine-4-Bulphonic acid slowly to 3*6 times its 
weight of 25% anhydro-acid below 30° and 
stirring for 2-3 days, or until 6 drops of the 
melt added to 10 c.c. of water give a solution 
which remains clear at the end of 6 hours. The 
product converted into dry calcium salt and 
powdered is extracted with 10 times its weight 
of 85% alcohol to remove No. II salt, the 
residue being No. Ill salt (Dahl, G.P. 41957). 

It is also formed when a-naphthylamine-7- 
sulphonic acid is sulphonated with monohydrate 
at 100-160° (CasseUa, G.P.a. 3939), or 26% 
anhydro-acid at 50-60° (Bayer, G.P.a. 6660; 
B.P. 15223, 1893) ; or when l:8-dinitronaphtha- 
lene is digested with 40% sodium bisulphite 
solution and 25% ammonia solution at 80-90° 
for 8 hours, the filtrate stirred with about one- 
third of its weight of concentrated hydrochloric 
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acid for half a day to decompose the sulphamino- 
acids which result, and the separation recrystal- 
lised from water in which the 4:7-di8ulphonic 
acid is only sparingly, but the 2:4:7-trisulphonic 
acid so easily soluble as to need salting out from 
the solution (Hochst, G.P. 215338) ; or when 
the bisulphite method of arniriation is applied 
to sodium a-naphthol-4:7-disulphonate (Badische, 
G.P. 117471 ; B.P. 1387, 1900). 

Identification. — The barium salt, BaA, needles, 
and calcium salt, CaA+HgO, are sparingly 
soluble in water ; the potassium salt, 
K 2 A+ 3 H 2 O, efflorescent prisms, and sodium 
salt, Na2A-f3H20, efflorescent needles, are 
readily soluble in water; Iho acid sodium salt, 
needles, is soluble in 140 parts of water at 20“, 
or 20 parts at the boiling-point, but like the cal- 
cium salt, is insoluble in 85% alcohol (Dahl, 
Z.c. ; Erdmann, Annalen, 1893, 275, 220). The 
solutions of the acid and salts show blue 
fluorescence. It is convertible into a-chloro- 
napJiihaleneAil -disuljihonyl chloride., m.p. 107°, 
and l:4:G4richloi'(maphthalcne (Armstrong and 
Wynne, Proc. C.S. 1890, 6, 17). 

Reactions . — It couples with diazotised bases. 
From its diazo-compound or by the bisulphite 
method, a-vaphihol-4:'7-disulphonic add can bo 
obtained. Heated with aniline (or p-toluidine) 
at 180°, it i'orms phe7iyl-{or p-tolyl-)a-na 2 )hthyl- 
amine-1 -sulphonic acid' by elimination of the 4- 
sulphonic grouj). By sulphonation with 35% 
anhydro-acid at 80-00° it yields a-naphihyU 
mine-2:4:l-trisidphoni c acid. 

(xii) a- Naphthylamine - 4:8- disulphonic 
Acid ; disulpho-add-S) is formed from 

a-naphthylamine-8-sulphonic acid by sulphona- 
tion with 3 times its weight of 10% anhydro-acid 
at first in the cold and afterwards at 1(M)° 
(Schollkopf, G.P. 40571; B.P. 15775, 1885); 
also, mixed with the GtS-disulphonic acid, when 
acet-a-naphthalide-8-sulphonic acid is sul- 
phonated with 25% anhydro-acid in the cold, 
the product deacetylated by boiling w ith water, 
and the sodium salt separated from the more 
soluble 6:8-i8omer by fractional crystallisation 
(Bayer, G.P. 75084). From the a-uaphthol- 
4:8-disulphonic acid it can be obtained by the 
bisulphite arainatioii method (Badische, G.P. 
117471 ; B.P. 1387, 1900). 

Preparation . — It is obtained by reduction of 
a-nitronaphthalene-4:8-disulphonic acid, and is 
present therefore, with the 3:8-di8ulphonic acid 
{q.v.)j in the product formed when the sul- 
phonation melt containing naphthalene- 1:6- and 
1:6 -disulphonic acids is nitrated, and the nitro- 
acids are reduced (Aktienges., G.P. 45776; 
B.P. 4625, 1888; Bernthsen, Ber. 1889, 22, 
3327 ; Paul, Z. angew. Chem. 1896, 9, 663). 

Identification. — The normal sodium salt, 
NajA-f 2 H 2 O, forms needles readily soluble in 
water (Bernthsen, Ber. 1890, 23, 3090, footnote) ; 
the acid sodium salt scales sparingly soluble in 
cold water. It is convertible into a-chloronaph- 
thalene-4t:B‘di8ulphonyl chloride {q.v.) and 1:4:6- 
tricJdoronaphthcUene (Armstrong and Wyime, 
Proc. C.S. 1890, 6, 126). 

Reactions. — ^It couples easily with diazotised 
bases. From the diazo-compound, or by the 
bisulphite method, a‘napkthol-4;S’di8ulphonic 
acid can be obtained. Fusion with caustic soda 


at 200° converts it into the important l~amino~ 
S-naphtholA-sulphovic acid, but digestion with 
60% caustic soda solution at 250° furnishes 1:8- 
dihydroxynaphthalene-4-sulphonic acid. 

When heated with aniline (or p-toluidine) at 
180° it yields pdienyl~{oT plolyl-ya-naphthyl- 
avuinc-H-sulphonic acid by elimination of the 4- 
Bulphonic group, but this group is retained and 
the 8-8ulphonic group removed, a-naj)hthyla'7nine- 
4-sulphonic acid being the product, when desul- 
phonation is effected by sodium amalgam in the 
cold, or by zinc; dust and dilute caustic soda 
solution at the boiling-point. By sulphonation 
with 40% anhydro-acid, it forms naphihasultam 
2'.4:-di sulphonic acid. 

(xiii) a-Naphthylamine - 5:7 - disulphonic 
Acid is obtained when a-naphthylamine-5- 
sulphonic acid (1 part) aitor acetylation, is 
mixed with 30% anhydro-acid (8 parts), or 
acet-a-naphthalide (1 part) with 35% anhydro- 
acid (5 parts) at 0-5° ; the mixture kept at 
20-30° for 1.5-20 hours until a sample, boiled 
with water, shows no separation of monosul- 
phonic acid in ihe cold ; and the product, after 
dcacetylation by boiling the melt with water 
(10 parts), converted into acid sodium salt by 
saturating the hot solution with common salt 
(Badische, G.P. 69555). The acid sodium salt, 
NaHgAg+SHgO, needles, is very soluble but 
the acid barium salt almost insoluble in cold 
water. 

Reactions. — In alkaline solution it couples 
readily with diazotised bases. From its diazo- 
compound or by the bisulphite method, a- 
7mphthol-5:l-disul])ho7iic acid can be obtained. 
Digestion with 75% caustic soda solution at 170- 
180° converts it into l-a7ninO‘5-iiaphthol-7 - 
sulphonic acid. By sulphonation with 40% 
anhydro-acid at 120-130°, it gives a-naphlhyl- 
u ?/< me - 2 : 5 - 7 - Z risulp honic acid. 

(xiv) a-Naphthylamine - 5:8 - disulphonic 
Acid is obtained from a-nitronaphthalcne-5:8- 
disulphonic acid by reduction in acid solution. 
The product, converted into sodium salt, gives 
in concentrated solution a precipitate of the acid 
sodium salt on acidification. Both the acid and 
the acid sodium salt, NaHA-f-l JHgO, form 
needles very sparingly soluble in water, but 
easily soluble in alkalis, giving greenish-yellow 
solutions (Bayer, G.P. 70857 ; Gattermann, Ber. 
1899, 82, 1156). 

Reactions. — It couples easily with diazotised 
bases. From its diazo-compound naphthalene- 
l:4:S4risulphonic acid and napthasultone-^- 
sulphonic acid can be obtained, and by the 
bisulphite method it yields the corresponding 
a’naphthol-5:S-disulphonic acid. Digestion with 
76% caustic potash solution at 150-160° con- 
verts it into I -amino-S-naphthol-6 -sulphonic acid, 
but with 60% solution at 260° into l:S-dihydroxy- 
naphthalene - 4 - sulphonic acid. With sodium 
amalgam, n-naphthylamine is obtained (Gatter- 
mann, I.C.). By sulphonation with 40% an- 
hydro-acid at 80-90° it forms naphthasuUam- 
disulphonic acid-D. 

(xv) a - Naphthylamine - 6:8 - disulphonic 
Acid can be obtained from a-naphthylamine- 
4:6:8-trisulphonic acid ^ boiling with 76% 
sulphuric acid (Kalle, G.P. 83146); and is 
formed together with the 4:8-disulphonic acid 
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when acjet-a-naphthalide-S-sulphonic acid is 
snJphonated with 25% anhydro-acid at the 
ordinary temperature, and the product boiled 
with water. The sodium salt is much more 
soluble than that of the 4:8-disulphonic acid, 
and, after removal of the latter by crystallisation 
from the concentrated solution, is separated as 
acid sodium salt from the filtrate by acidifica- 
tion. The salts in solution show green fluores- 
cence ; the acid sodium salt, NaHA, needles, 
is easily soluble (Bayer, G.P. 76084). 

JReactions. — It couples easily with diazotised 
bases. From its very soluble diazo- compound, 
naphlhasuUorte-G-suljjhonic acid, and by elimina- 
tion of the amino-group, naphthaleve-h^-disuU 
phonic acid can be obtained. Digestion with 
50% caustic potash solution at 180-200° con- 
verts it into l-amino-S-naphthol-6-8ulphonic acid, 

a-NAPHTHYLAMIi^ETBISULPHOmO ACIDS. 

(i) a-Naphthylamine - 2:4:6 - trisulphoni c 
Acid is formed when a-naphthylamine-fi-sul- 
phonic acid, or 4:6-di8ulphonic acid, is heated 
with 26% anhydro-acid (3-6 parts) at 60-60°, 
and afterwards with 70% anhydro-acid (1 part) 
at 80-90°. The acid sodium salt forms needles ; 
it shows blue fluorescence in solution (Bayer, 
G.P.a. 7016; B.P. 16223, 1893). 

Reactions. — It does not couple with diazotised 
bases (Bayer, l.c.). Heated with mineral acids 
it is converted into a‘naphthylamine-2:Q-disul- 
phonic acid (Bayer, G.P.a. 31910), but with 
sodium amalgam in the cold it gives a-naphthyl- 
amine-2A-di8ulphonic acid. 

(ii) a-Naphthylamine - 2:4:7 -trisulphonic 
Acid. — To obtain this acid, a-naphthylamine-4- 
sulphonic acid is heated with 40% anhydro-acid 
at 120° (Hochst, G.P. 22545; B.P. 2178, 1882; 
cf, Armstrong and Wynne, Proc, C.S. 1890, 6, 
126), or a-naphthylamine-7-8ulphonio acid (or 
4:7-di8ulphonic acid) is heated with 25% 
anhydro-acid (3-6 parts) at 50-60°, and after- 
wards with 70% anhydro-acid (1 part) at 80-90° 
(Bayer, G.P.a. 6660 ; B.P. 16223, 1893 ; Frisch, 
Helv. Chim. Acta, 1930, 18, 768). It is also 
formed when l:8-dinitronaphthalene is heated 
with sodium bisulphite solution and ammonia 
at 80-90°, and after removal of the less soluble 
sodium a-naphthylamine-4:7-di8ulphonate {q.v.) 
by crystallisation, the 2:4:7-trisulphonate is 
separated from the mother-Hquor by salting out 
(Hochst, G.P. 216338). The acid sodium salt 
forms small needles, shows blue fluorescence in 
alkaline solution, and does not couple with di- 
azotised bases. 

Reactions. — ^From its diazo-compound, a- 
naphthol’2:A;l -trisulphonic acid, and by elimina- 
tion of the amino-group, 7iaphthalenc-l:S:6- 
Priaulphonic acid are obtained. By digestion 
with water at 230° it yields a-naphthylamine-2:7 - 
disulphonic acid, but when boil^ with 76% sul- 
phuric acid, the 1 -monosvlphonic acid. 

(iii) a- Naphtylamine - 2:5:7 - trisulphonic 
Acid is obtained when a-naphthylamine-5- 
Bulphonio acid is sulphonated with 35% anhydro- 
acid at 90-120° (Cassella, G.P. 188606), or when 
a-naphthylamine-2:5- or -6:7-di8ulphomc acid is 
sulphonated with 40% anhydro-acid at 120- 
130° (Bayer, G.P.a. 7001 ; B.P. 17141b, 1893). 
Its acid aisodnm 8alt« isolated fiom the diluted 


sulphonation product by salting out, forms 
needles easily soluble in water, and, like the acid, 
shows green fluorescence in solution. 

Reactions. — Digestion with 50% caustic potash 
solution at 180-200° converts it into 1 -ammo-5 - 
naphthol - 2:7 - disulphonic acid. When desul- 
phonated either by sodium amalgam in the cold 
or by boiling with zinc dust and dilute caustic 
soda solution it yields a-naphthylamine-2:l -disul- 
phonic acid. 

(iv) a-Naphthylamine- 3:5:7-trisulphonic 
Acid is prepared by reduction of a-nitronaph- 
thalene-3:5:7-tri8ulphonic acid (Cassella, G.P. 
76432). Its salts are easily soluble and in 
solution show green fluorescence. 

Reactions. — From its diazo-compound naphtha- 
lene-hlhl -trisulphonic acid and a-naphthol-3:5:7 - 
trisulphonic acid can be obtained. Fusion with 
caustic soda at 160-170° converts it into 1- 
amino-fi-naphthol-3:l -disulphonic acid. When 
desulphonated cith(3r by sodium amalgam in the 
cold or by boiling with zinc dust and dilute 
caustic soda solution it gives a-naphthylamine- 
3:1 -disulphonic acid, 

(v) a -Naphthylamine- 3:6:8 -trisulphonic 
Acid, obtained by reduction of a-nitronaphtha- 
lene-3:6:8-tri8ulphomc acid (Koch, G.P. 66068 ; 
B.P. 9268, 1890), is also formed when sodium 
a-nitronaphthalene-3:8-di8ulphonate is warmed 
with sodium bisulphite solution (Fischesser, 
G.P. 76438 ; B.P. 7046, 1894). 

Preparation. — The product obtained by 
nitrating the trisulphonation melt consisting 
largely of naphthalene-1 :3:6-tri8ulphonic acid, 
after dilution with water, is neutralised by lime, 
converted into sodium salt and the filtrate after 
acidification reduced hot by iron borings. After 
removal of the iron, the filtrate is concentrated, 
saturated with salt, and acidified, whereby a 
complete separation of the 3:6:8-tri8ulphonic 
acid as acid sodium salt is achieved, the mother- 
liquor containing nothing of any technical value 
(Heumann* “ Anilinfarben,” 1898, ii, 639). 

Identification. — The acid disodium salt. 
Nag HA, forms needles, and the normal 8odiu7n 
salt, NagA-f-SHgO, scales (Dressel and Kothe, 
Ber. 1894, 27, 2147). The solubilities of the 
acid and some of its salts in water at 18° 
are: the acid HgA+SHgO, hair-like needles, 
1:0-5 (1:8 in alcohol); NagA-fSHoO, 1:3; 
Na2HA-|-4H20, 1:15 (sparingly soluble in brine 
and in dilute hydrochloric acid); KgA-f-HgO, 
1:4; Ca 3 A 2 , 1:3. The di-aniline salt melts 
at 312° (Forster and Mosby, J.S.C.I. 1928, 47, 
157 t). 

Reactions. — From its diazo-compound, naph- 
thalene-\\3S-tri8ulphonic acid (Dressel and 
Kothe, l.c.) and naphthasuUone-SiQ-disulphonic 
acid can be obtained. Digestion with water at 
180-260° converts it into a-naphthol-3:6:S-trisul- 
phonic acid, and with 30-40% caustic soda solu- 
tion at 210° into X-armrio-^-naplUhcd-ZiQ-dievl- 
phonic acid (H acid). 

Digestion with ammonia at 160-180° famishes 
hZ-diaminonaphthalene-QiS-didulphcmic acid, and 
with aniline (or p-toluidine) at 160-160° diphenyl- 
(or di-p-t6lyl-)\ :3-diaminonap)Uhalene-6:S*dM^- 
phonic acid. By sulphonation with 25% an- 
hydro-acid i^t 70-80° it yields napMhasuUam- 
3i{€):6-(sistUphonic acid. When desulphonated 
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by boiling it with zinc dust and dilute caustic 
soda solution, a-mphthylaniirie’Z'.Q^duiilphonic 
acid is the product. 

(yi) a-Naphthylamine-4:r):8-trisulphonic 
Acid is obtained by reduction of a-nitronaptha- 
lene-4:6:8-trisulphonic acid (Bayer, G.P.a. 7006 ; 
G.P. 80741; B.P. 17141c, 1893; Kalle, G.P. 
82663 ; B.P. 516, 1894). 

Preparation . — The nitration product obtained 
from the naphthalene- l:3:5-trisulphonic acid 
melt, after dilution with water, is neutralised by 
lime, and the filtrate, after acidification, reduced 
hot by iron borings, rendered alkaline by lime 
and converted into sodium salt. According to 
Swiss. P. 118720 the reduction is improved by 
presence of copper or nickel salts. From the 
concentrated solution, the acid sodium salt 
separates on the addition of hydrochloric acid. 

Reactions. — It does not couple with diazotised 
bases. From its diazo- compound, naphthalene- 
}:^:54ri8ulphonic acid (Kalle, lx.) and naptha- 
8uUone-4::Q-disulphonic acid^ which is also formed 
by the bisulphite method, have been obtained. 
Boiled with 76% sulphuric acid it gives a- 
naphthylarnine-&.H-di8ulphonic acid, and, digested 
with water at 160-220°, a-naphthol-OiH-diaul- 
phonic acid, the 4-8ulphonic group being 
eliminated in both reactions, but when desul- 
phonated by boiling with zinc dust and dilute 
caustic soda solution it is converted into a- 
napkthylamine-iiQ-disulphonic acid. Fusion with 
caustic alkali gives l-amino-H-naphthol-'i'.G-didul- 
phonic acid (K-acid). 

a-Naphthylamine-4:6:8-trisulphonic acid, con- 
densed with 2-nitro-p-toluyl chloride, the pro- 
duct reduced, condensed with m-nitro benzoyl 
chloride and, after reduction, converted into the 
carbamide by interaction with phosgene, pro- 
vides the trypanocidal drug known as No. “ 309 ” 
or Bayer-205 (Foumeau, Trefouel, Trefouel, and 
Vallee, Ann. Inst. Pasteur, 1924, 38, 81 ; cj. 
Compt. rend. 1924, 178, 675 ; Balabari and King, 
J.C.S. 1927, 3068). 

Naphthasultam Derivatives. 

When warmed with anhydro-acid, a-naphthyl- 
aminesulphonic acids, in which one of the sul- 
phonic groups occupies the pen-position 
relatively to the amino -radical, may undergo 
dehydration, forming naphthasultams, in addi- 
tion to further sulphonation. Contrasted with 
the sultones the stability of the sultams is 
remarkable. Neither by boiling a sultam with 
caustic alkali solutions nor by heating it with 
ammonia is the anhydride ring attacked, al- 
though disruption of this ring (accompanied 
usually by partial desulphonation) can be 
effected if mineral acids be employed. These 
naphthasultamsulphonic acids, although not di- 
azotisable, can be coupled with diazotised bases 
provided the 4 -position be free. The salts are of 
two types : 
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SO 2 — NNa 



(formal.) 

Those of type 1 are colourless, but those of type 
II are yellow and give yellow solutions, which 
show intense green or yellowish-green fluores- 
cence. 

Not only naphthasultam, but its N -methyl 
ether, can couple with diazo-corapounds, a fact 
which suggests that coupling is not necessarily 
duo to the asB\imption of the cnolic form 
(Kdnig and Kohler, Ber. 1922, 55 [B], 2139). In 
stud^dng the analogy between naphthasultam 
and a-naphthol, Konig and Wagner have pre- 
pared a series of naphthasultam derivatives 
{ibid. 1924, 57 [B], 1056). 

Naphthasultamsulphonic acids, containing a 
sulphonic group in position 3, are decomposed 
on heating with an aromatic amine and hydro- 
(‘hloric acid, the — NHR — group replacing the 
3-sulphonic group (T.G., G.P. 442610). 

(i) Naphthasultam has been obtained from 
a-naphthylamine-8-sulphonic acid by dehydra- 
tion with phosphorus oxychloride. It melts at 
177-178°, and in its behaviour towards chlorine 
presents many analogies with a-naphthol. On 
nitration, it yields 2:4:-dinitronaphthasultam, 
pale yellow prisms soluble in caustic alkalis or 
alkali carbonates but almost insoluble in water 
(Dannerth, .1. Amer. Ohem. Soc. 1907, 29, 1320; 
Bayer, G.P. 210222; cf. Zincke and Jiilicher, 
Annalen, 1916, 411, 196 ; Zincke and Schur- 
mann, ibid. 1918, 416, 75). 

(ii) Naphthasultam-4-suIphonic Acid, ob- 
tained by the sulphonation of naphthasultam 
with monohydratc at 45°, crystallises in pale 
red needles easily soluble in water. Both the 
acid and its anilide are less reactive towards 
diazo-compounds than naphthasultam (Konig 
and Keil, Ber. 1922, 55 [B], 2149). 

(iii) Naphthasultam - 2:4 - disulphonic 

Acld-S is obtained when a-naphthylamine-8- 
sulphonic acid or 4:8-disulphonic acid is sul- 
phonated with 25-40% anhydro-acid at 80-90”, 
the operation being continued until a sample of 
the product diluted with water neither reacts 
with nitrite nor couples with diazotised bases 
(Bayer, G.P. 79566 ; B.P. 4979, 1893 ; 

Aktienges., G.P.a. 3346; B.P. 2984, 1893; 
Dressel and Kothe, Ber. 1894, 27, 2139). The 
corresponding a-naphthylamine - 2:4:8 - trisul - 
phonic acid is unknown. 

IdentificMlon. — The acid disodium salt, 
Na 2 HA-l- 2 H 20 , forms colourless needles, 
soluble in water without fluorescence, and 
the trisodium m\t, NajA + SJHaO, yellow scales, 
easily soluble in water with green fluorescence. 

Reactions. — Fusion with caustic soda at 170- 
180° converts it into l-arnirio-^-naphihol-t'A- 
disulphonic acid. Digestion with 40% sulphuric 
acid at 110° furnishes a-naphthylamine-2:S-dimU 
phonic acid, but with 20% hydrochloric acid at 
140-160° a - naphthylamine - 8 - stdphonic acid. 
When heated in 50% sulphuric ?ici4 solution at 
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76-80® with nitric acid p 1-2, it is converted 
successively into nitronaphthaaultamaulphonic 
acid and 2‘A-dinitroiiaphtha8ultam (Bayer, G.P. 
210222). 

(iv) Naphthasultam-3:6-disulphonlc Acid 
is prepared by boiling the acid sodium salt of 
naphtha8ultam-3:(4):6-trisulphonic acid with 
20% sulphuric acid. The trisodmni salt, 
Na3A-f4H20, forms easily soluble, small, 
yellow prisms (Bayer, G.P. 84139 ; Dressel and 
Kothe, Ber. 1894, 27, 2149). 

Reactions. — Fusion with caustic soda at 180° 
converts it into l-amino-S-naphthoUS'S-disul- 
phonic acid. When boiled with 50% sulphuric 
acid, it gives a-naphthylamine-^:6:H-U'isulph.onic 
acid. 

(v) Naphthasultamdisulphonic Acid-c is 
obtained by heating sodium a-naphthylamine- 
3:8-disulphonate with 40% anhydro-acid at 80- 
90° (Bayer, G.P. 79660; B.P. 4979, 1893). 

(vi) Naphthasultamdisulphonic Acid-D, 
obtained by heating sodium a-naphthylamine- 
5:8-di8ulphonate with 40% anhydro-acid at 
80-90°, jdelds l-amino-S-naphtholdisulphmiic 
acid-D on fusion with caustic soda at 170° 
(Bayer, G.P. 79566 ; 80668 ; B.P. l.c.). 

(vii) Naphthasultam- 3:(4):6- trisulphonic 
Acid is formed when the acid sodium salt of a- 
naphthylamine-3;6:8-triaulphonic acid is heated 
with 25% anhydro-acid at 80° until a test no 
longer reacts with nitrite. The acid sodium salt, 
Na3HA+4H20, and the yeUow sodium salt, 
Na4A44H20, are easily, but the yellow bariu7n 
salt is only sparingly soluble (Bayer, G.P. 
84139 ; Dressel and Kothe, Ber. 1894, 27, 2147). 

Reactions. — Digestion with 75% caustic potash 
solution at 130° converts it into l-amino-S‘ 
naphthol-diMisulphonic acid. When boiled with 
20% sulphuric acid it yields naphthasultam-^:^- 
disulphonic acid; and with 50% sulphuric acid 
a-'mphthylamine-3:6:S-trisulphonic acid (Bayer, 

l. c. ; Dressel and Kothe, l.c.). 

(viii) Naphthasultam- (2):4:6-trisulphonic 
Acid is obtained when the acid sodium salt 
of a-naphthylamine-4:6:8-tri8ulphonic acid is 
heated with 25% anhydro-acid at 80-90° until 
a test no longer reacts with nitrite (Bayer, G.P. 
84140). The acid sodium salt forms easily 
soluble needles ; the salt, Na4A-|-6H20, 

easily soluble, minute yellow prisms. When 
heated with caustic alkali at 150-160°, it is 
converted into l-amino-8-naphthol-{2):4:Q-tri8ul- 
phonic acid (Bayer, G.P. 84697). 

ChLOBO- a-NAPHTH YLAMINES . 

8-Chloro-a-naphthylamine can be ob- 
tained from l:8-diaminonaphthalene by allow- 
ing its azimino derivative to interact with 
copper powder or with cuprous salts and hydro- 
chloric acid at 30°. The base forms needles, 

m. p. 98° (Badische, G.P. 147862 ; cf. Atterberg, 
Ber. 1876, 9, 1730). 

6:8-Dichloro-a-naphthylamine, obtained 
by reduction of 6:8-dichloro-a-nitro-naphtha- 
lene, forms needles, m.p. 104° (Widman, Bull. 
Soc. ohim. 1877, [ii], 28, 610;' Bayer, G.P. 
293318). 

8-Chloro-a-naphthylamlne-6-sulphonic 
Acid is formed from the azimino derivative of 
1:8 - diaminonaphthalene - 4 - sulphonic acid by 


interaction with copper powdet (Badische, l.c.). 
When digested with 60% caustic soda solution at 
190-195° it yields I -atnino-S-naphthol-d-sul- 
phojiic acid (Badische, G.P. 112778). 

Several a - chloro - a - naphthylaminesulphonio 
acids, prepared by nitrating a-chloronaphtha- 
lenesulphonic acids and reducing the products, 
have been used in making azo-dyes, but not 
described in detail (Bead, Holliday and Sons, 
B.P. 13999, 1897; 11736, 1898). 

8- Chloro - a - naphthyl amine - 3:6- disul - 
phonic Acid is prepared from the azimino 
derivative of l;8-diaminonaphthalenc-3:0-disul- 
phonic acid by interaction with copper powder 
(Badische, G.P. 147852), or from a-naphthyl- 
ainine-3:6-disulphonic acid by conversion into 
the chloro-acid with subsequent nitration and 
reduction (Bayer, G.P. 289107). It crystallises 
from acid solution in needles. 

Reactions . — It couples with diazotised bases. 
Fusion with caustic alkali converts it into 1- 
amino-H-naphthol-'S:6-dis7ilphonic acid., but when 
heated with dilute sulphuric acid inider pressure 
it yields H-chloro-a-naphthol-'d:i)-disylphonic acid. 

Acylated by interaction with m-nitrobenzoyl 
chloride, followed by reduction and condensation 
with phosgene, it furnishes carbamide deriva- 
tives (Bayer, l.c.). 

2:4-Dlchloro-a-naphthylaminesu I phonic 
Acid is formed when 2:4-dichloro-acet-a-naph- 
thalide is sulphonatcd with 23% anhydro-a('id 
below 45°, and the product deacetylated by 
boiling it with water. It is sparingly soluble in 
water; its sodiuin salt forms scales, and its zinc 
and magnesium salts long needles. When its 
sparingly soluble, crystalline diazo- compound 
is heated with sodium carbonate solution at 60°, 
it is converted into the diazo-oxide of 4-chloro-\- 
amino-p-naphtholsulphonic acid (Badische, G.P. 
153298; B.P. 16995, 1903). 

NiTBO-a-NAPHTHYLAMINES. 

Direct nitration of a-naphthylamine in con- 
centrated sulphuric acid leads normally to the 
production of tarry impurities, but these can be 
avoided by working at —9° to —1° and stirring 
vigorously. The 6- and 8 -nitro- a-naphthyl- 
amine sulphates thus formed can be separated 
by utilising the sparing solubility of the 5- 
derivative in N.- to 3 n. - sulphuric acid. The 
free amines can be used as components in dyes 
(Morgan and Jones, J.S.C.I. 1923, 42, 341t). If 
the amino-group is acetylated before nitration, 
a mixture of the 2-nitro- and 4-nitro-isomers is 
obtained, which can be separated by passing dry 
hydrogen chloride into a nitrobenzene solution 
of the bases, when 4-nitro-a-naphthylamine 
hydrochloride is precipitated (Hodgson and 
Kilner, J.C.S. 1924, 807 ; Hodgson and Walker, 
ibid. 1933, 1205). On the other hand if the 
amino-group is protected by phthalic anhydride 
or substituted phthalic anhydrides, the com- 
pound is nitrated mostly in the S-position 
(Hodgson and Crook, ibiL 1936, 1844). Pro- 
tection of the amino -group by using its ethyl 
carbamide or carbamate derivative leads, on 
nitration followed by hydrolysis, to the for- 
mation of 2:4-dinitro- or 2;4:6-trinitro-a- 
naphthylamine (Groeneveld, Rec. trav. ohim. 
1931, 60, 681). 1:6- and l;8-Nitronaphthyl- 
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amines can also be obtained by selective reduc- 
tion of the dinitronaphthalenes (Ruggli and 
Knapp, Helv. Chiin. Acta, 1930, 18, 763; 
Voroschcov and Kulev, B. 1929, 934 ; I.C.l. 
and Hodgson, B.P. 392414). 

From the 2- and 4-iiitro-a-naphthylamines, 
derivatives of dinaphthylmethanc have been 
obtained by condensation with formaldehyde 
(Morgan and Jones, l.c., p. 92t). With methyl 
sulphate, the behaviour of nitro-a-naphthyJ- 
aminea varies, the 2-nitro- not being methy- 
lated, but the 8-nitro- giving the methyl deriva- 
tive and the 3- and 5-nitro- the dimethyl 
derivative (Vesel^^ and Vojtech, A. 1929, 437). 

(i) 2-Nitro-a-naphthylamine is obtained 
as acetyl derivative, mixed with 4-nitroacet-a- 
naphthalide, by nitrating acet-a-naphthnlide 
in acetic acid solution. By limited hydrolysis 
of the product with acpieous alcoholic caustic 
potash, 4-nitro-a-naphthylamine can be sej)a- 
rated from the 2-nitroacet-a-naphthalidc, which 
is most conveniently hydrolysed by boiling with 
alcoholic hydrochloric acid (i.(ellmann and Kemy, 
Ber. 1886, 19, 797; Lellmann, ibid. 1887, 20, 
892). It is also formed by aminating 1-chloro- 
2-nitronaphthalene in alcohol with ammonia 
at 180° (Hoogeveen, Rec. trav. chim. 1931, 50, 
37), and in 80% yield by the action of hydroxyl- 
amine in alcoholic alkaline solution on 2-nitro- 
naphthalene (Meisonheimer and Patzig, Bcr. 
1906, 39, 2541). 

Identification. — It crystallises from alcohol in 
reddish-yellow, monoclinic prisms, m.p. 144°, 
and its acetyl derivative in yellow needles, m.p. 
199° (Lellmann, ibid. 1884, 17, 112). When 
boiled with excess of caustic potash solution it 
is converted into 2-nitro- a-naphtliol. 

2-Nitro-l-niethylaniinona>phthalene, m.p. 144°, 
and the ethylamino-compound, m.p. 77°, are pre- 
pared from l-chloro-2-nitronaphthalene by 
Hoogeveen’s method (l.c.), 

(ii) 3-Nitro-a-naphthylamine is produced 
when l:3-dinitronaphthalene is reduced with 
hydrogen sulphide and alcoholic ammonia 
(Vesely andDvor&k, Bull. Soc. chim. 1923, [iv],33, 
319) or with sodium sulphide in methyl alcohol 
in presence of sodium bicarbonate (Hodgson 
and Birtwcll, J.C.8. 1944, 75). At the same time 
4-nitro-j3-naphthylamine is formed, the ratio 
being about 6 parts of the former to 1 part of 
the latter. The two amines can be separated 
by taking advantage of the more ready acetyla- 
tion of 4-nitro-2-naphthylamine. 

Identification . — 3-Nitro-a-naphthylamine cry- 
stallises from 50% aqueous alcohol in orange 
yellow needles, m.p. 137° ; formyl derivative, 
m.p. 216°, acetyl, 269°. Bromination gives 2:4- 
dibromo - 3 - nitro - 1 - naphthylaminc, m.p. 182° 
(Hodgson and Hathaway, J.C.S. 1944, 21, 
386. 

(iii) 4-Nitro-a-naphthylamine, prepared 
from 4-nitroacet-a-naphthalide {see supra) by 
hydrolysis with alcoholic potash (Liebermann, 
i^nalen, 1876, 188, 232), can also be obtained 
by mixing a-naphthyloxamic acid with nitric 
acid (p 1-36) at 30-40°, and hydrolysing the 
product with alkalis or mineral acids (Lange, 
G.P. 68227); or by heating a-chloro-4-nitro- 
naphthalene with 8% alcoholic ammonia at 160- 
170° (Griesheim, G.P. 117006 ; B.P. 7692, 1900) ; 
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or by oxidising 4-nitr080-a-naphthylaraine with 
potassium permanganate. 

Identification. — It crystallises from alcohol in 
orange needles, m.p. 196°, and its acetyl deriva- 
tive in yellow needles, m.p. 190°. When boiled 
with aqueous caustic i)ota8h, it is converted 
into 4-nitro-a-napJdhol. 

4-Nitro-a-naphthylamine-5-8ulphonic acid, ob- 
tained when a-naphthylaminc-5-sulphonic acid, 
dissolved in 20 times its weight of 8ulj)huric acid, 
is nitrated below 10°, forms sparingly soluble, 
small needles, and its sodium salt yellow scales 
(Bayer, G.P. 133951; B.P. 9498, 1899; c/. 
Levinstein, B.P. 13178, 1899). 

4- Nitro-a-naphthylamine-()-sulpho7iic and 7 - 
sulphonic acids are obtained by the nitration of 
the corresponding a-naphthylaminesulphonic 
acids or their acetyl derivatives in sulphuric acid 
solution. The O-sulphonic acid and its salts, 
respectively, are less soluble than the 7-isomers 
(Gassella, G.P. 73502 ; 74177; B.P. 15444, 1893). 
I)iazotised, these acids, singly or mixed, have 
been used as first component in azo-dyes. 

(iv) 5-Nitro-a-naphthylamine can be pre- 
pared by partial reduction of l:5-dinitronaph- 
thalene with alcoholic hydrogen sulphide (Beil- 
stein and Kuhlbcrg, Annalen, 1873, 169, 87); 
or by hydrolysis of 5-nitro-a-naphthylamine-4- 
sulphonic acid (Nietzki and Ziibelen, Ber. 1889, 
22, 452), or, mixed with the 4- and 8-compounds, 
by nitration of a-naphthylamine dissolved in 
10 times its weight of sulphuric acid (Meldola 
and Streatfeild, J.C.S. 1893, 68, 1055). The 
separation of the 4-, 5-, and S-nitro-compounds 
can be effected by a method depending on the 
difference in solubilities of the salts (Hodgson 
and Crook, J.C.S. 1936, 1844). 

Identification. — It crystallises in small, red 
needles, m.p. 119°, and its acetyl derivative in 
largo, brown prisms, m.j). 220° (Badische, G.P. 
145191). Its sulphate is less soluble than that 
of the 4- or 8-i8omer. 

5- Nitro-a-7iaphthylamine,-2-sulphonic acid can 
be prepared by nitrating a-naphthylamine-2- 
sulphonic acid in sulphuric acid solution below 
15°. The acid and its diazo-coinpound are 
sparingly soluble (Cassella, G.P. 70890). 

5-Nitro-a-naphthylamine-4-8ulphonic acid is 
formed when acct-a-naphthabde-4-sulphonic 
acid, mixed with sulphuric acid, is nitrated in the 
cold, and the product doacetylated by boiling 
it with dilute acid. The acid, HA, crystallises in 
needles. 

A nitro-a-naphthylaminesulphonic acid, pro- 
bably isomeric with those acids, is obtained by 
reduction of l:5-dinitronaphthalene-3-8ulphonic 
acid with sodium sulphite or bisulphite (Hochst, 
G.P. 117268). 

(v) 8-Nitro-a-naphthylamine is prepared 
by nitrating phthalo-a-naphthylimide with 
nitric acid, p T4, below 16°. The mixed nitro- 
compounds are hydrolysed with aqueous am- 
monia at 106°. The 6- and 4-i8omers hydrolyse 
and are extracted with nitrobenzene. The 
remaining 8 -nitro -compound is then hydrolysed 
similarly but at 120-130°. It crystallises from 
90% formic acid (Hodgson and Crook, J.C.S. 
1936, 1844) in red needles, m.p. 96-97°, picrate 
m.p. 139-141°, ,ac6iyZ derivative m.p. 187-188°, 
benzoyl derivative m.p. 181°. 
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(vi) 2:3-Dlnitro-a-naphthylamine is formed 
when 3-nitroacet-a-naphthalide is nitrated with 
nitric acid p 1*50 below —3°, and the resulting 
2:3-dinitroacet-a-naphthalide, m.p. 276°, hydro- 
lysed. It forms deep red needles from methyl 
alcohol-acetone, m.p. 160-161° (Hodgson and 
Turner, J.C.S. 1943, 635). 

(vii) 2:4-Dinltro-a-naphthylamine can be 
obtained from dinitroacet-a-naphthalide by 
hydrolysis with 60% sulphuric acid at 100° 
(Liebermann, Annalen, 1876, 183, 274; Meldola 
and Forster, Proc, C.S. 1893, 9, 8) ; or from 2:4- 
dinitro-a-naphthol by heating it with alcoholic 
ammonia under pressure at 190-200° (Witt, 
Ber. 1886, 19, 2033 ; Morgan and Evens, J.C.S. 
1919, 115, 1129). It crystallises in yellow 
needles, m.p. 237°, and its acetyl derivative in 
yellow needles, m.p. 250°. 

Reactions . — When heated with aqueous alkahs, 
it is converted into 2-A-dinitro-a-7iaphthoL lli- 
azotisation in concentrated sulphuric acid solu- 
tion converts the base or its acetyl derivative 
into 4-vitro7}aphthalene-l-diazo-2-oxide (Fried- 
lander, Ber. 1896, 28, 1951 ; Morgan and Evens, 

I.C.). 

(viii) 4:6 - Dinitro - a - naphthylamine is 
formed by the nitration of 6-nitroacet-a- 
naphthalide suspended in sulphuric acid, and 
hydrolysis of the product by boiling with diluto 
acid. It crystallises in orange scales, m.p. 236°, 
and its acetyl derivative in yellow needles, m.p. 
244° (Badische, G.P. 145191 ; 158499). 

)S-Naphthylamine. 

The only practicable process for preparing 
)8-naphthylamine is by the action of ammonia 
on )9-naphthol, and this developed into a con- 
venient manufacturing process after the dis- 
covery that, in presence of ammonium sulphite, 
the reaction took place at a lower temperature 
and more quickly than with ammonia alone. 
Some j3)3'-dinaphthylamine is formed as a by- 
product. 

Preparation. — ^/3-Naphthol (114 parts) is heated 
with 22% ammonium sulphite solution (600 
parts) and 20% ammonia (125 parts) at 100-106° 
in an autoclave provided with a stirrer, until in 
the course of about 8 hours the conversion is 
complete. Above 160°, /S)3'-dinaphthylamine 
begins to be formed. When cold, the )3-naph- 
thylamine is removed by filtration, the filtrate 
being used for a subsequent operation. It is 
then extracted by hot dilute caustic soda solu- 
tion to remove )3-naphthol, dissolved in dilute 
hydrochloric acid in which j8)3'-dinaphthylamine 
is insoluble, recovered from solution by the 
addition of alkali and finally distilled in a 
vacuum. The yield is almost quantitative 
(Badische, G.P. 117471; B.P. 1387, 1900; 
Bucherer, J. pr. Chem. 1904, [ii], 69 , 88). The 
manufacturing process is based on this descrip- 
tion, but less ammonium sulphite, more am- 
monia, and a higher temperature may be used. 

Catalytically, ^-naphthylamine is obtained in 
90-96% yield by passing )S-naphthol and am- 
monia over alumina at 430-460° (Howald and 
Lowy, U.S.P. 1449423 ; Ind. Eng. Chem. 1923, 
15, 397). 

Identification . — It crystallises from alcohol in 
colourletfs, lustrous scales, melts at 112°, boils 


at 294° (Liebermann and Jacobson, Annalen, 
1882, 211 , 41), is moderately volatile with steam, 
and dissolves easily in hot but only sparingly 
in cold water. The solutions of the base show 
blue fluorescence ; those of its salts are non- 
fluorescent. The hydrochloride, B,HC1, forms 
non -fluorescent scales, easily soluble, and the 
nitrate, B.HNOg, and sulphate, B 2 ,H 2 S 04 , 
scales, sparingly soluble in water. The platini- 
chloride crystallises in scales, and the picrate, 
from alcohol, in long yellow needles, m.p. 195°. 
Unlike a-naphthylamine it gives no colour re- 
actions with ferric chloride, chromic acid, bleach- 
ing powder, or nitrous acid. 

Reactions . — It couples with diazotised bases 
as the end component of azo-dyes. From its 
diazo-compound, fi-naphthol can be obtained 
(Liebermann, ibid. 1876, 188, 268). Its nitrate, 
by nitration, gives a mixture of 5-nitro- and 8- 
nitro - - naphthylamine. On sulphonation, it 

furnishes a series of mono-, di-, and tri-sulphonic 
acids. When heated alone, or with calcium or 
zinc chloride, it is converted partially into fifi'- 
dinaphthylamine and ammonia, but with soda- 
mide, mixed with naphthalene at 230°, it gives 
\:%-dia7i}inonaphthalen€. With excess of nitrous 
gases and subsequent warming below 50°, jS- 
naphthylamine hydrochloride suspended in 
w^ater gives l-nitro-fi-naphthol (Varma and 
Krishnamurthy, tj. Indian Chem. Soc. 1926, 3, 
326). It also forms red compounds, m.p. 66*3° 
and 61 '7°, with l-chloro- and l-bromo-2:4- 
dinitrobenzene, respectively (Buehler, Hisey, and 
Wood, J. Amer. Chem. Soc. 1930, 62, 1939). 
Its reduction is described under tetralin 
derivatives. 

Analysis . — Commercial ^-naphthylamine is a 
distilled product, and is marketed as a coarse 
powder, not darker than pink-grey in colour. 
It should be at least 98*5% pure by titration 
with sodium nitrite solution, and should not 
begin to melt below 109°. 

j3-Naphthylamine in the presence of j8-naph- 
thol, jSjS'-dinaphthylamine, and a-naphthylamine 
can be determined by titration with sodium 
nitrite after the jS-naphthol has been sul- 
phonated (Lee and Jones, J. Ind, Eng. Chem. 
1922, 14 , 961). 

Acyl Derivative. 

Acetyl - )3-naphthylamme (acet-/3-naph- 
thalide), is best prepared by boiling )3-naphthyl- 
amine with 1 *25-1 -6 times its weight of glacial 
acetic acid for 12 hours, the jSjS'-dinaphthylamine 
(about 10%) formed being readily separated by 
crystallisation from alcohol, in which it is only 
sparingly soluble (Liebermann and Jacobson, 
Annalen, 1882, 211 , 42). 

Properties . — It crystallises in lustrous scales, 
m.p. 132° (Cosiner, Ber. 1881, 14, 69), dissolves 
readily in alcohol, but only sparingly in water, 
is more easily hydrolysed by dilute acids than 
by alkalis (Calm, ibid. 1882, 15, 610). 

Reactions . — On chlorination, it yields 1- 
chhroctcet-fi-naphthalide. It is converted by 
bleaching powder at 0° into the N-chloro- com- 
pound, but at 20° into l-chloroacet-fi-naphthaUde 
(Hoogeveen, Eeo. trav. chim. 1930, 49 , 1093; 
1931, 50, 37). Nitration converts it into Unitro- 
acet-fi-naphthalide. By sulphonation with sul- 
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phuric acid^ it furnishes acet-p-naphthalide-B- 
sulphonic acid at 20-30°, or acet-P~naphthalide’ 
l-8ulphonic acid at 150-160° (Kinzlbergor, 
G.P.a. 5732), but with chlorosulphonic acid 
acet'j3-naphthalide-4-sulphonyl chloride, m.p. 
192° (Hochst, G.P. 292357). 

Alkyl Derivatives. 

Alkyl derivatives are conveniently prepared 
by interaction of the base with the appropriate 
ester of p-toluenesulphonic acdd in the presence 
of alkali (Slotta and Franke, Ber. 1930, 63 [B], 
678 ; Rodionov and Vedonski, A. 1932, 51). 

N-Methyl-j8-naphthylamine, obtained by 
by heating j5-naphthol (100 g.), methylamine 
hydrochloride (75 g.), and 5 n. - caustic soda 
solution (190 c.c.) under pressure at 200-220°, 
is an oil, b.p. 317°/766 mm. or 207°/60 mm., 
which yields a nitrosaminey neiedlos, m.p. 88°, 
and an acetyl compound, prisms, m.p. 50-51° 
(Morgan and Evens, J.C.S. 1919, 115, 1141 ; cf. 
Pechmann and Heinze, Ber. 1897, 30, 1785; 
Pschorr and Karo, ibid. 1906, 39, 3142). The 6- 
sulphonic acid -fHgO, m.p. 192°, is obtained 
by the interaction of methylamine hydro- 
chloride with sodium 2-naphthol-6-B\ilphonate at 
200° in presence of sodium hydroxide (Morgan 
and Rooke, J.S.C.I. 1922, 41, It). 

N-Dimethyl-j3-naphthyiamine, prepared 
by heating j8-naphthylamine (1 mol.) with methyl 
iodide (3 mol.), caustic soda (2*5 mol.), and water 
(5 mol.) at 120° for 5-6 hours, converting the 
quaternary iodide into chloride or hydroxide and 
evaporating the aqueous solution of either to 
dryness (Morgan, J.C.S. 1900, 77, 822; c/. 
Bamberger and Muller, Ber. 1889, 22, 1306), 
forms scales, m.p. 46°, b.p. 305°. 

N-Ethyl-j3-naphthylamine, obtained by 
boiling a solution of jS-naphthylamine (10 parts) 
in alcohol (30 parts) with ethyl bromide (8*5 
parts) during 12 hours (Fischer, Ber. 1893, 26, 
193), is an oil, b.p. 305°/716 mm., 191°/25 mm. 
(Bamberger and Muller, ibid. 1889, 22, 1297), 
or 315-316°/760 mm. (Vaubel, Chem.-Ztg. 1903, 
27, 278). 

Reactions. — It couples with diazotised bases 
furnishing azo-dyes. On sulphonation with 
weak anhydro-acid at a moderate temperature, 
the 5-8ulphonic acidy mixed with a small quantity 
of the S-sulphonic acid, is formed ; with mono- 
hydrate at 140° the l-sulphonic acid is obtained ; 
and with 20% anhydro-acid at 110-120°, the 
5:1 -disulphonic acid is produced, 

N-Diethyl-5-naphthylamine, obtained by 
heating j3-napnthylamine (39 g.), caustic soda 
(22 g.), water (22 c.c.), and ethyl iodide (85 g.) 
at 120° during 7-8 hours (Morgan, l.c.), is an oil, 
b.p. 316°/717 mm. 

N - Benzyl - jS- naphthylamlne has m.p. 
67*5°, b.p. 405° (Ciusa and Cremonini, Gazzetta, 
1928, 68, 153). 

Aryl Derivatives. 

Phenyl-, tolyl-, and other aiyl-)9-naphthyl- 
amines can be prepared by heating /3-naphthol 
with the respective base (or its hydrochloride) 
under pressure at 200-210° for 10 hours either 
alone (Graebe, Ber. 1880, 18, 1860; Badische, 
G.P. 14612 ; cf. Oehler, B.P. 2616 (prov. spec.), 
1880), or with the addition of ammonia-zinc 
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chloride (Merz and Weith, Ber. 1880, 18, 1300). 
The yield is almost quantitative when j3-naphthol 
(1 mol.), the base (2 mol.), and anhydrous cal- 
cium chloride (1 mol.), are heated together at 
280° under pressure for 9 hours (Friedlfi-ndor, 
ibid. 1883, 16, 2077), or when j3-naphthol and 
the base are heated together with 1% of iodine 
at 180-190° during several hours (KnoU & Co., 
G.P. 241853 ; Knoevenagel and Sakow, J. pr. 
Chem. 1914, [ii], 89, 17), or with aniline hydro- 
chloride at 230° for 4 hours (Tscherntzov and 
Drozchov, J. Appl. Chem. Russia, 1934, 7, 785). 
They can be obtained from /3-naphthol or jS- 
naphthylamine by interaction with an aromatic 
amine in the presence of sodium bisulphite 
(I.G., B.P. 282111). These products dissolve 
in the ordinary organic solvents, and, when 
heated with hydrochloric acid under pressure 
at 240°, regenerate /S-naphthol and the base 
( Friedlander, l.c.). They are used for making 
dyes for acetate silk (I.G., l.c.), and phenyl-/3- 
naphthylamine is an important constituent of 
rubber antioxidants. 

N-Phenyl-/3-naphthyIamine is obtained 
when jS-naphthol (144 parts), aniline (170 parts), 
and iodine (1-2 parts) are heated together at 
180-190° during 7 hours, arul the product, after 
successive extractions by dilute acid and by 
dilute caustic soda solution, is distilled in a 
vacuum (Knoll & Co., l.c.). 

Identification . — It forms needles, m.p. 108°, 
b.p. 395° (Crafts, Annalen, 1880, 202, 5) or 
237°/15 mm. (Knoll & Co., l.c.), is moderately 
soluble in cold solvents and in solution shows 
blue fluorescence. The hydrochloride is a crystal- 
line powder, decomposed by water. The acetyl 
derivative, m.p. 93° (StreiflP, ibid. 1881, 209, 157) 
has been used as a stabiliser for nitrocellulose 
powders (Ryan and Drumm, Proc. Roy. Irish 
Acad. 1918*, 34 [B], (8), 165). The nitroso 
derivative forms prisms, m.p. 93° (Streiff, l.c.). 
The toluene-p-siilphonyl derivative, m.p. 133°, 
readily furnishes l-nitro- and l:&-dinitrofi- 
naphthylamine (Morgan and Mickkthwait, J.C.S. 
1912, 101, 148; Aktienges., G.P. 164130; B.P. 
27497, 1904). 

Reactions . — It couples with diazotised bases 
forming azo-dyes. When sulphonated with 4 
times its weight of monohydrate below 60° it 
yields a mixture of the 5- and S-mon/OStdphonic 
acids (Zimmer, G.P. 45940 ; B.P. 13798, 1888 ; 
Clayton Aniline Co., G.P. 63649 ; B.P. 10934, 
1889 ; Lesser, Ber. 1894, 27, 2364 ; Bayer, G.P. 
70349; B.P. 7337 a, 1892). 

N-o-Tolyl-/3-naphthylamine, prepared simi- 
larly to the phenyl derivative, forms scales, 
m.p. 95°, b.p. 236-237°/14 mm. (Knoll & Co., 
G.P. 241853). On sulphonation below 50° it 
gives a mixture of the 6- and S-monosulphonic 
acids (Clayton Aniline Co., G.P. 67370; B.P. 
6166,1890; c/. Bayer, l.c.). 

N-j>-TolyI-j8-naphthylamine, forms scales, 
m.p. 103°, showing in solution blue fluorescence ; 
its acetyl derivative, needles, m.p. 86° (Fried- 
Iftnder, Ber. 1883, 16, 2079). 

/5j8'-Di naphthylamine is obtained in almost 
quantitative yield, by boiling a solution of 
/3-naphthylamine (1 part) in alcohol (6 parts) 
with sodium bisulphite solution of 40° B^ (6 
parts) in a reflux apparatus for 24 hours (Bayer, 
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G.P. 114874; B.P. 22804, 1899), or by heating 
/S-naphthylaminc with 0-5% of iodine at 230° 
during 4 hours (Knoll & Co., G.P. 241853; 
Knoevenagel, J. pr. Chcm. 1914, [ii], 89, 23). 

Properties . — It crystallises in scales, in.p. 171°, 
b.p. 471° (Ris, Ber. 1887, 20, 2619). Dissolved 
in alcohol or benzene, it shows intense blue 
fluorescence. When heated with hydrochloric 
a(;id at 240°, it yields P-naphthylmnme and )3- 
naj>hthot quantitatively (Ris, ibid. 1886, 19, 
2017), and, with sulphuric acitl, mixtures of the 
isomeric p-naphthylamine- and P-naphthol-sul- 
phonic acids (Sandoz, G.P. 64859). Heated with 
sulphur it gives p-napMhathiazine (Fang, Sci. 
Rep. Tsing Hua IJniv., 1937, 21). 

A ryl-^-naphthyla7nines id phonic Acids. 

Of the phenyl-(or o- or p-tolyl-)j8-njiphthyl- 
arninesuJphonic acids, the 6-, 6-, 7-, or 8-sul- 
phonic acid, and the 3:6- or 6:8-disulphonic acid 
can be obtained by heating the corresjxmding 
)S-naphthylaminesulphonic acid with aniline (or 
o- or p-toluidino) and its hydrochloride at 160- 
170° (Bayer, G.P. 70349; 71158; 71168; B.P. 


7337a, 1892). Less satisfactory results follow 
when the corresponding ^-naphtholsulphonic 
acid is heated with the base and its hydrochloride 
at 190-200° (Aktienges., G.P. 38424), but if the 
bisulphite method is used good yields are ob- 
tained (Badische, G.P. 122570 ; B.P. 18726, 
1900). The acids are moderately soluble in hot 
water ; the sodium salts may be separated from 
solution by salting out. When coupled with 
diazotised bases they form azo-dyes which are 
bluer in shade than those from aryl-a-naphthyl- 
arninesulplionic acids. * 

PP'-Pinaphthyla mine-1 :l'-disulphonic acid has 
been prepared from j9-naphthylamine-7-suI- 
phonic acid by the bisulphite method (Bayer, 
l.c .) ; the Cy.b' -dihydroxy -1\1' -disulphonic acul 
from 2-aniino-5-naphthol-7-sulphonic acid by 
the bisulphite method (Bayer, l.c.) or by heating 
it with water under pressure at 200° ; and the 
-dihydroxy -ir.iV -disnlphonic acid by the latter 
method (Bayer, G.P. 121094; B.P. 24296, 
1899). The dihydroxy-compounds couple with 
diazotised bases, yielding azo-dyes (c/. Bayer, 
G.P. 111811: 221 124; B.P. 24296, 1899). 
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j5-NAPHTHYLAMINESTTLPH0NTC AOIDS. 

jS-Naphthylaminesulphonic acids are obtained 
by the following methods : 

1. By sulphonation of j3-naphthylamine or of 

the derived jS-naphthylamincsulphonic 
acids. The product in most cases is a 
mixture of acids, from which the more 
soluble constituents caunot easily be 
obtained pure. ^-Naphthylaminc-l -sul- 
phonic acid is obtained by sulphonation 
with chlorosulphonic acid in an organic 
solvent, other isomers being also formed. 

2. By heating the sodium salts of the (‘orre- 

sponding ^-naphtholsiilphonic acids with 
ammonia underpressure', preferably with 
ammonium sulphite present which 
enables a much lower temperature to be 
used. The process is apjdieable to all 
acids which do not contain a 4-sulphonic 
group, and is of value for the production 
of the 1 6 7-, or 8-raonosulphonic acid, 
as each of the corresponding ^-naphthol- 
sulphonic acids is obtained in a pure 
state much more easily from /3-naphthol 
than is the jS-naphthylaminesuIphonic 
a(ud from the mixed acids of the sul- 
phonation melt (c/. Buchoror, J. pr. 
Chem. 1904, [ii], 70, 357). 

3. By reduction of /9-nitronaphthalenesul- 

phonic acids. Only two acids arc 
obtained in this way, viz. the 4:7- and 


the 4:8-disulphonic acids, but for the 
production of the latter no other mode 
of preparation has been described. 

Four monosulphonie acids, all of thorn hetero- 
nucleal, are known to be formed by the sul- 
phonation of )9-naphthylamino with sulphuric 
acid ; six disulphonic acids by the sulphonation 
of monosiili)honic acids ; and six trisulphonic 
acids by the sulphonation of disulphonic acids. 
For the sulidionation of /3-naphthylaraino, sul- 
phuric acid may be iisc'd, but for that of the 
monosulphonie acids, anhydro-acid is required. 
The effects of cont*entration of the acid, of 
temperature, and of duration of the reaction on 
the nature of the product, correspond with those 
traced out in other cases of sulphonation. It 
should be noted that sulphonation in the 1- 
position with sulphuric acid and oleum occurs 
only when at least one other sulphonic group is 
2 )rescnt in the molecule, and that the 1 -sulphonic 
group when present is the tirst to be eliminated 
by hydrolysis. 

The schemes given opposite illustrate the order 
in which 8ulf)honic groups are introduced into the 
molecule of the isomeric monosulphonie acids. 

The transformation into the 3 if): 7 -trisulphonic 
acid which j3-naphthylamine-l :5:7-trisulphonic 
acid undergoes in the presence of 40% anhydro- 
acid at 140^’ is only less remarkable than that 
which has been shown to occur with the 1:3:7- 
trisulphonic acid under similar conditions : 
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j8-Naphthylaminemonosulphonic acids are very 
sparingly soluble in water. The di- and tri- 
sulphonic acids dissolve easily in water, but 
their acid salts are less soluble, and are precipi- 
tated instead of the acids when a mineral acid 
is added to solutions of their alkali salts. 

As sources of azo-dyes, the jS-naphthylamine- 
sulphonic acids are less important than the a- 
compounds. Many of the dyes obtained by 
coupling them with tetrazo derivatives are of 
little value (c/. Cassella, G.P. 46711) ; moreover, 
the /3-sulphonic acids cannot be used as middle 
components in polyazo-dyes, as the amino- 
radical, after coupling has taken place in the 
artAo-position relatively to it, does not interact 
with nitrite to form a diazo-compound, but an 
azimino-like derivative which is incapable of 
coupling (c/. Bayer, G.P. 79816; B.P. 9972, 
1893). 


j8-Naphthylaminesulphonic acids containing 
either 1- or 8-8ulphonic groups do not form azo- 
<lycs, but yield diazoamino-compounds when 
coupled with diazotised bases. Those containing 
a 1 -sulphonic group exchange it for hydroxyl, 
giving the diazo-oxides of 2-amino- 1-naphthol 
derivatives when diazotised and afterwards 
warmed at 50-60“ with excess (2 mol.) of sodium 
carbonate solution (c/. Badische, G.P. 148882). 

j9-Naphthylamiuesulphonic acids containing a 
4-sulphonic group, like the m-sulphonic acids 
from a-naphthylamine, yield hydroxytoluic acids 
by prolonged heating with caustic alkali solu- 
tion at 280®, but, unlike them, are not converted 
into diaminonaphthalenes when heated under 
pressure with ammonia. 

Unlike a-naphthylaminesulphonic acids which, 
when digested with caustic alkali solution, ex- 
change the amino- for a hydroxyl radical, j8- 
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naphthylaminesulphonic acids, under similar 
conditions, retain the amino-group, exchanging 
an a-sulphonic for a hydroxyl radical, thus 
furnishing aminonaphtholsulphonic acids of 
which they are an important source. 

From ^-naphthylamine-3:6- and 6:7-di8ul- 
phonic acids, carbamide derivatives have been 
obtained by methods similar to those employed 
with a-naphthylaminesulphonic acids (Bayer, 
G.P. 288273). 

jS-NAPIlTHYULMINEMONOSULPHONIC AoiDS. 

(i) )3-Naphthylamine-l-sulphonic Acid 
{Tobias acid) is manufactured by heating p- 
naphthol-l-Bulphonatc with ammonia and am- 
monium sulphite (Buchercr, J. pr. Chem. 1904, 
[ii], 70, 357; Badische, G.P. 117471 ; B.P. 
1387, 1900). It is also obtained by sulphonating 
j3-naphthylamine with chlorosulphonic acid 
(B.D.C., B.P. 176019, 1920) or with sulphur 
trioxide (Du Pont, U.S.P. 1969189) in an inert 
solvent. 

Identification. — The acid separates in 8j)aringly 
soluble anhydrous scales from hot, or in efflores- 
cent hydrated needles from cold water; the 
sodium salt, NaA+HgO, in easily soluble scales, 
which give a non-fluorescent solution (Tobias, 
G.P. 74688). It is convertible into p-chloro- 
naphthalene-l -sulphonyl chloride^ m.p. 76®, and 
li2-dichloronaphthalene (Armstrong and W 5 mne, 
Proc. C.S., 1896, 11, 238; Tobias, B.V. 16404, 
1893). 

Beactions. — Diazotised, it forms the first com- 
ponent in certain important azo-dyes (c/. 
Badische, G.P. 112833; B.P. 26511, 1899). 
From its sparingly soluble, crystalline diazo- 
compound, P-naphthol-l-sulphonic acid has 
been obtained (Tobias, l.c.). When heated at 
230° in a dry neutral atmosphere, its sodium salt 
is converted into sodium p-naphthylsulpharnate 
(Tobias, l.c.). On sulphonation with 20% an- 
hydro-acid it yields ^-naphthylamine-lib-disvl- 
phonic acid. 

(ii) j8-Naphthylamine-4-sulphonic Acid 
is obtained when ^-naphthol-4-8ulphonic acid 
is heated with ammonia under pressure 
(KaUe, G.P. 78603), or, mixed with the 8-sul- 
phonic acid, when j8-naphthylamine-4:8-di8ul- 
phonic acid is boiled with zinc dust and dilute 
caustic soda solution (Kalle, G.P. 233934). 

Identification. — The acid^ HA-f H 2 O, crystal- 
lises in sparingly soluble, long, white needles; 
the potassium salt, KA-f-lJHjO, in small 
needles; and the sodium salt, NaA-f4H20, in 
scales. The solution of the sodium salt shows 
violet fluorescence. 

Beactions. — It couples with diazotised bases 
forming azo-dyes. Its diazo-com pound is only 
sparingly soluble. Digestion with 60% caustic 
s^a solution at 230-280° converts it into o- 
toluic acid (KaUe, G.P. 79028; B.P. 16669, 
1884). 

(iii) jS-Naphthylamine-6-sulphonlc Acid 
originally prepared by Dahl {DahVs y-acid) is 
the main product, the minor product being the 
8-siilphonic acid, of sulphonating )8-naphthyl- 
amine with sulphuric acid (or oleum) at low 
temperature, the proportion formed varying 
with the temperature and amount of acid (Dahl, 
O.P. 32276, Green and Vakil, J.C.S. 1918, 118, 


38) or acet-)3-naphthalide can be similarly sul- 
phonated and deacetylated (Kinzlberger, G.P.a. 
6732). It is most conveniently prepared from 
2-naphthylamine-l:6-di8ulphonic acid (easily 
obtained from Tobias acid) by heating with 
dilute sulphuric acid to remove the 1-sulphonic 
acid group. 

Identification. — The arid, HA, forms needles 
or scales, soluble in 260 parts of boiling or 3,000 
parts of cold water. The salts dissolve easily in 
water, and, like the acid, show reddish-blue 
fluorescence in dilute solution. The barium salt, 
BaAg^- HgO, forms granular aggregates ; the 
calcium salt, CaAg+HHgO, needles, soluble 
in 1 1 parts of cold water ; the potassium salt, 
KA-hHgO, small rhombohedra; the sodium 
salt, NaA+SHgO, prisms, soluble in 10 parts 
of boiling 95% alcohol ; the ammonium salt, 
plates {cf. Forsling, Ber. 1887, 20, 2103). It is 
convertible into ^-chloronaphthalene-tS-sulphonyl 
chloride, prisms, m.p. 70°, and l:Q-dichloro- 
naphthaleyie (Armstrong and Wynne, Proc. C.S. 
1889, 5, 48 ; Clevc, Ber. 1892, 25, 2481 ; Forsling, 
l.c.). 

Beactions . — From its sparingly soluble diazo- 
compound, P-naphthol-5-sulphonic acid has been 
obtained. Fusion with caustic potash at 260- 
270° converts it into 2-amino-b-naphthol. On 
sulphonation with 20% anhydro-acid in the cold 
it yields a mixture of P-naphthylamine-5:l - 
disulphonic acid with the li5-disulphonic acid as 
minor product. 

(iv) /J-Naphthylamine-6-sulphonic Acid 
{[P-]acid ; Bronner acid ) occurs to the extent of 
about 50% in the product formed when j8- 
naphthylamine suli)hate, or j8-naphthylamine-5- 
or 8-sulphonic acid is heated with three times its 
weight of sulphuric acid at 160-170° for 2 hours 
{see the 7-Hulphonic acid). It is also produced, 
mixed with a small proportion of the 7-sulphonic 
acid (Bayer and Duisberg, Ber. 1887, 20, 1429), 
when /5-naphthylamine hydrogen sulphate is 
baked at 200-210° for 2 hours (Liebmann, 
G.P.a. 3205) ; or when jS-naphthylamine is 
heated with three times its weight of potassium 
bisulphatc at about 230° (Bischoif and Brodsky, 
Ber. 1890, 23, 1914). 


Preparation. — j8-Naphthylamine-6-8ulphonic 
acid and its salts, being much less soluble in 
water than the 7 -compounds, can be separated 
without much difficulty by fractional crystal- 
lisation from the products obtained either by 
sulphonating )3-naphthylamine under the con- 
ditions just described, or by heating impure 
j3-naphthol-6-8ulphonic acid, containing the 7- 
isomer, with ammonia {cf. Green, J.C.S. 1889, 
55, 37 ; B.P. 15849, 1888). 

The pure acid is obtained when j3-naphthol-6- 
sulphonic acid is heated with aqueous ammonia 
in presence of ammonium sulphite (Bucherer, 
J. pr. Chem. 1904, [ii], 70, 367, Badische, G.P. 
116336; 117471 ; B.P. 1387, 1900). 

Identification. — The acid, HA-f H^O, crystal- 
lises in scales, soluble in 630 parts of Imiling 
water (Weinberg, Ber. 1887, 20, 2909) or in 
7,000 parts cold water (Waterman and Groot, 
Chem. Weekblad, 1928, 25, 40), and, like its 
salts, shows blue fluorescence in solution. The 
lead salt, PbA 2 + 2 H 20 , forms scales, soluble 
in 670 parts of water at 1°; the barium salt, 
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BaA2+6H20, long needles, soluble in 450 
parts of cold water ; the calcium salt, 
CaA2+6H20, scales, soluble in 225 parts of 
water at 6° ; the potcbssium salt, KA-}- HgO, 
silky needles, soluble in 40-50 parts of cold 
water; the sodium salt, NaA-|- 2 H 20 , silky 
needles, soluble in about 40 parts of cold water, 
and easily in hot 90% alcohol (r/. Forsling, Ber. 
1887, 20, 77 ; Limpricht, quoted by Schultz, 
“ Chemie des Steinkohlenth,” 3rd ed., i, 209). 
The ammonium salt, NH^A+HgO, large thin 
plates, is the least soluble of the ammonium 
^-naphthylaminesulphonates in c^old water 
(Green, lx.). It is convertible into ^-chlaro- 
naphthaleneS-sulphonyl chloride, prisms, m.p. 
109°, and 2:Q-dirhloronaphthalenc (Forsling, l.c. ; 
cf. Armstrong and Wynne, Proc. C.S. 1889, 5, 
52). 

Beactions.- — It couples with diazotised bases 
forming the end component of some disazo-dyes. 
From its moderately soluble yellow diazo- 
compound or by the bisulphiU^ method. )3- 
naphthoU sulphonic acid can be obtained. On 
sulphonation with 20% anhydro-ac’id at 20°, it 
yields a mixture of ^-naphihylaminex.\:iS~dis\d~ 
phonic acid with about 20% of the i\:S-di8ulpho7iic 
acid. 

Substitution derivatives in which methyl, 
phenyl, and fuchsin radicles respectively occur 
in the amino-group of jS-naphthylamine-O-suI- 
phonic acid can bo obtained by the Buciherer 
method if methylamine, aniline, and fuchsin are 
used in place of ammonia (Badische, G.P. 
121683; 122570; 125589; B.P. 18726,1900). 

(v) j3-Naphthylamine-7-sulphonic Acid 
([8-] acid ; F-acid) is obtained, mixed with 
about an equal quantity of the G-sulphonic acid 
(Schultz, Ber. 1887, 20, 3159), when jS-naphthyl- I 
amine is heated with sulphuric^ acid at tempera- 1 
tures above 150° (Bayer, G.P. 39925; 41505 ;i 
B.P. 5846, 1886). It is also said to be the pro- ! 
duct when acet-jS-naphthalide is heated with 
6 times its weight of sulphuric acid at 150-160° 
for 1-1 J hours, and the product deacetylated 
by pouring the hot melt into water (Kinzlberger, 
G.P.a. 5732). The pure acid is obtained when 
sodium j8-naphthol-7-Bulphonate is heated with 
ammonia and ammonium sulphite (Bucherer, 
J. pr. Chem. 1904, [ii], 70, 357 ; Badische, G.P. 
117471; B.P. 1387, 1900). 

Identification. — The acid, HA-f-HgO, forms 
slender, voluminous needles soluble in 350 parts 
of boiling water or 6,000 parts cold water 
(Waterman and Groot, l.c.). When boiled with 
a quantity of water insufficient to dissolve it, the 
crystalline acid changes into a very sparingly 
soluble, anhydrous, sandy powder. The barium 
salt, BaA2+5H20» forms thin scales, soluble 
in 400 parts of cold water; the calcium salt, 
CaA2+6H20, scales, soluble in 270 parts of 
cold water ; the potassium salt, needles, soluble 
in 40 parts of cold water ; the ammonium salt, 
small plates; the sodium salt, NaA-f4H20, 
small needles, soluble in hot 90% alcohol and 
in 70 parts of cold water. The solutions of the 
salts show reddish-violet fluorescence. It is 
convertible into p-chloronciphthakne-T^sulphonyl 
cMmde, prisms, m.p. 86° (Armstrong and 
Wynne, Aoo. C.S. 1889, 5, 49; Cleve, Ber. 
I#2, 2484), and 2:7 -dichloronaphthalene 
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(Erdmann, ibid. 1888, 21, 638; Armstrong and 
Wynne, lx.). 

ReaxUons. — It couples with diazotised bases, 
being the end component of some disazo-dyes. 
From its orange-red diazo-compound, or by the 
bisulphite method, ^-naphthol-1 -sulphonic acid 
can be obtained. Digestion with 50% caustic soda 
solution at 260-280° converts it into 2-amino-7- 
naphthol. Heated with 20% sodium bisulphite 
solution at 90-100° for 24. hours, its sodium salt 
is converted into sodium ^^'-dinaphthylamine- 
7:1' -disulphonate. On sulphonation with 20- 
25% anhydro-acid at the ordinary temperature, 
it yields three P-naphfhylaminedisulphonic acids, 
viz. the 1:7-, 4:7-, and 5:7-iHomor8. 

The dimethyl derivative, obtained by heating 
the acid with dimethylamine under pressure 
at 220°, is converted into 2-dimethylamino-l - 
naphthol by fusion with caustic alkali (Geigy, 
G.P. 90310). 

(vi) )3-Naphthylamine-8-sulphonic Acid 
([a-) acid; Badische acid) is formed (39-44%), 
together with the S-siilphonic acid and about 1% 
of the mixed 6- and 7 -isomers, when j8-naphthyl- 
amine is heated with three times its weight of 
sulphuric acid at 100-105° for about 6 hours 
(Badische, G.P. 20760 ; Dahl, G.P. 29084 ; B.P. 
7712, 1884; Green and Vakil, J.C.S. 1918, 113, 
38; Green, ibid. 1889, 55, 36). The proportion 
of the 8-8ulphonic acid does not exceed 45% 
when j8-naphthylamine sulphate is sulphonated 
with throe times its weight of sulphuric acid at 
15-20°, while it amounts only to 30% when j3- 
naphthylamine is sulphonated with three times 
its weight of 20% anhydro-acid at 70-80° (Dahl, 
l.c. ; Green, lx.). The acid is also obtained 
when j8-naphthol-8-sulphonic acid is heated with 
ammonia under pressure (Bayer, G.P. 42273 ; 
Pfitzingcr and Duisberg, Ber. 1889, 22, 397), 
or when the bisulphite reaction is applied to it 
(Bucherer, J. pr. Chem. 1904, [ii], 70, 358; 
Badische, G.P. 117471; B.P. 1387, 1900). 

Preparation. — The product obtained by sul- 
phonating jS-naphthylamine sulphate with three 
times its weight of sulphuric acid at 15-20° is 
converted into sodium salt, which, as a dry 
powder, is extracted with 90-95% alcohol to 
remove the isomeric salts, the residue consisting 
of the pure sodium jS-naphthylamino-S-sul- 
phonate (Dahl, l.c. ; Green, l.c. ; see the 6-sul- 
phonic acid). An alternative method of separa- 
tion is preferential precipitation from sodium 
salt solutions, the 2:8-acid precipitating first 
(Levi, Giom. Chim. Ind. 1921, 3, 97). 

Identification. — The acid forms slender needles, 
soluble in 200 parts of boiling or in 1,700 parts of 
cold water. The salts, like the acid, show blue 
fluorescence in dilute solution (c/. Forsling, Ber. 
1887, 20, 2100). The barium salt, BaAj-l-^HgO, 
forms prisms, soluble in 23 parts of cmd water ; 
the calcium salt, CaA 2 p 6 H 20 , prisms, soluble 
in 11 parts of cold water; the potassium salt, 
KA-f iHjO, six-sided prisms; the sodium salt, 
NaA (Erdmann, Annalen, 1893, 275, 281), large 
prisms, insoluble in- alcohol; the ammonium 
salt (Green, l.c.), large solid prisms. It is con- 
vertible into p • (Mofcmaphihalme - B - sulphonyl 
chloride, needles, m.p. 129°, and \:l-dichlorona;i^- 
ihalene (Armstrong and Wynne, Proc. C.S. 1888, 
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4 , 105 ; 1889, 6 , 53 ; Foraling, lx , ; Ber. 1888, 
21,2803; 1889,22,619). 

Beactions. — It does not furnish azo-dyes by 
coupling with diazotised bases, but soluble 
yellow diazoaniino-compounds (Witt, ibid. 1888, 
21, 3483; Erdmann, l.c.). From its sparingly 
soluble diazo-compound or by the bisulphite 
method p-7iaphthol-S-sulphonic acid can bo 
obtained. Fusion with caustic alkali at 260- 
270^^ converts it into 2-aMmo-^-7LaphthoL On 
sulphonation in the cold with 20% anhydro-acid, 
it gives ^-naphihylarnine-^-.^-disulphonic add. 

jS-NArUTHYLAMlKEDISlTT.PHONlC Aci DS. 

(i) p - Naphthylamine - 1:5 - disulphonic 
Acid is obtained when /3-naphthylamine-l- 
sulphonic acid is sulphonatcd with 20% anhydro- 
acid in the cold (Armstrong and Wynne, Proc. 
C.S. 1895, 11, 238) ; or (as minor product) mixed 
with the 5:7-di8ulphonic acid when )3-naphthyl- 
amine-5-8ulphonic acid is sulphonatcd under 
similar conditions (Armstrong and Wynne, 
ibid. 1890, 6, 129). 

Identijicalion . — The normal potassium salt is 
moderately soluble in water, and convertible 
into p-chloronapht}iale7ie-l:5’disulphonyl chloride, 
prisms, ra.p. 158*^, and [[2:^4richloro7iaphlhalejie 
(Armstrong and Wynne, lx.). 

Beactions. — From its sparingly .soluble diazo- 
compound, the diazo-oxide of 2-a7virto-l-7iaphthol- 
5-sid2)ho7iic acid is obtained cither by addition 
of sodium carbonate at 50-60" to remove free 
mineral acid, or by oxidation with sodium 
hypochlorite in alkaline solution (Badische, 
G.P. 145906; B.P. 6615, 1902; G.V. 160536; 
B.P. 4997, 1904). Fusion with caustic alkali at 
210-230" converts it into 2-a7ni7w-r)-7iaphthol-l~ 
sulpkotdc acid. P - Naphthylamine - 1:5 - disul - 
phonic acid, when heated with 75% sulphuric 
acid, is hydrolysed to give a mixture of j3- 
Tiaphthylamme and its b-sulphotiic acid. With 
stronpr acid at 100°, p-naphthyla7nine-6-sul- 
phonic acid only is produced, above 1(X)°, the 
d~sulpho7iic acid and, above 130°, the 6- mixed 
with the l-sulphonic acids (Bucherer and Wahl, 
J. pr. Chem. 1921, [ii], 103, 129). On sulphona- 
tion with 40% anhydro-acid at 100°, it yields 
P-naphthyla7nine-\\b:l-trisiilphonic acid. 

(ii) p - Naphthylamine - 1:6 - disulphonic 
Acid is obtained as chief product, with about 
20% of the 6:8 -disulphonic acid, when )3-naphthyl- 
amine-6-8ulphonic acid is sulphonatcd with 20% 
anhydro-acid at a temperature below 20° 
(Armstrong and Wynne Proc. C.S. 1890, 6, 130 ; 
c/. Forsling, Ber. 1888, 21, 3495); or, pure, by 
applying the bisulphite reaction to sodium p- 
naphthol - 1:6 - disulphonato (Badische, G.K 
117471; B.P. 1387, 1900). 

Identification. — The normal potassium salt, 
K2A-f2H20, large crystals, the sodium salt, 
long needles, and the ammonium salt, 
(NH4)2A.fH20 , triclinic forms, are very soluble; 
but the acid potassium salt, KHA-f HgO, and 
axid sodium salt, NaHA-f-2H20, long needles, 
are only sparingly so, and in dilute solution 
show blue fluorescence (Fbrsling, l.c.). It is 
convertible into p-chloronaphth^ene-hMisul- 
phonyl chloride^ prisms, m.p. 124-6°, and 1:2:6- 
trichloronaphthalene (Forsling, l.c. ; Armstrong 
and Wynne, l.c.). \ 


Beaction. — Its sparingly soluble, crystalline 
diazo-compound, when Warmed with excess of 
sodium carbonate solution, yields the diazo- 
oxide of 2-a7ni7w-l-naphthol-C)-stilphonic acid 
(Badische, G.P. 148882; B.P. 6615, 1902). 

(iii) p - Naphthylamine - 1:7 - disulphonic 
Acid, formed (29%), together wdth the 4:7- 
and 5:7-diHul2dionic acids, when j3-naphthyl- 
amme-7-8ulphonic acid is sulphonatcd in the cold 
with 20-25% anhydro-acid, is separated from 
the product by converting it into normal j)otas- 
sium salt, and collecting the least soluble portion 
by fractional crystallisation (Bayer, G.P. 
79243 ; Dressel and Kothe, Ber. 1894, 27, 1194). 
It is also obtained when potassium j3-naphthol- 
l:7-disulijhonate is heated with ammonia and 
ammonium sulphite (Badische, G.P. 117471; 
B.P. 1387, 1900). 

Ide7itijicatio7i. — The normal barium salt, 
modcratelv soluble needles, the potassium salt, 
K2A+3H2O, large monosymmetric crystals ; 
and the acid potassium salt, sparingly soluble 
slender needles, give solutions showing violet- 
blue fluorescence (Drcssel and Kothe, l.c.). 

Beactio7is. — In acetic acid solution it does not 
couple with diazobenzene (Bayer, G.P.a. 7274). 
From its easily soluble diazo-compound, p- 
ruiphthol- 1:1 -disulphonic acid can be obtained, 
and, when warmed wdth sodium carbonate solu- 
tion, the diazo-oxide of 2-amiyio-] -naphihol-1 - 
sulpho7iic acid (Badische, G.P. 148882; B.P. 
6615, 1902). Prolonged boiling with 20% 

hydrochloric aedd converts it into p-naphthyl- 
arnine-l -sulpho7iic acid (Dressel and Kothe, l.c.). 

(iv) p - Naphthylamine - 3:6 - disulphonic 
Acid iP - 7iaphthylami7ie - [a] - disulphonic acid ; 
ammo-\l-axid) is obtained from sodium P- 
naphthol-3:6-disulphonate by heating under 
pressure with ammonia and ammonium sulphite 
(Badische, G.P. 117471 ; B.P. 1387, 1900). It 
is also formed when sodium j9-naphthylamino- 
3:6:8-trisulphonate is boiled with zinc dust and 
dilute caustic soda solution (Kalle, G.P. 233934). 
It is convertible into p-chloronaphthalene-'^:td- 
disulphonyl chloride, needles, m.p. 165°, and 
2:3:6 - trichloronaphthalene (Armstrong and 
Wynne, Proc. C.S. 1890, 6, 12). 

Beactio7is. — It couples with diazotised bases as 
end component in azo-dyes. Digestion with 
75% caustic soda solution at 230-250° converts 
it into 2-amino -2 -naphthol-to-sulphonic acid. 

(v) p- Naphthylamine - 3:7 - disulphonic 
Acid {P-naphthyUimine-[h-]disulphonic acid), is 
formed when sodium ^-naphthol-3:7-disul- 
phonate is heated with ammonia and ammonium 
sulphite under pressure (Badische, G.P. 117471 ; 
B.P. 1387, 1900). It is also obtained when p- 
naphthylamino-l:3:7-tri8ulphonic acid is boiled 
with dilute mineral acids (Dressel and Kothe, 
Ber. 1894, 27, 1199). 

Identification. — ^The acid barium salt forms 
very sparingly soluble microscopic crystals, the 
axid potassium salt, sparingly soluble scales; 
the acid sodium salt dissolves in 12*5 parts of 
boiling water, or in 50 parts of water at 20°, the 
solutions showing blue fluorescence (Dressel and 
Kothe, l.c.). It is convertible into p-chloro- 
naphthalene-^:! -disulphonyl chloride, needles, 
m.p. 176°, and 2:3:6-trichloro7iaphth(de7ie (Arm- 
1 strong and Wynne, Proc. C.S. 1890, 6, 127). 
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Reactions, — It couples with diazotised bases 
as end component in disazo-dyes. On sulphona- 
tion with 40% anhydro-acid at 80--90°, it is 
converted into p - naphthylAimine - 1 :3:7 - trisul - 
phonic acid. 

(vi) /3 - Naphthylamine - 4:7 - disulphonic 
Acid {Andresejis acid) is obtained when jS- 
nitronaphthalene--4:7-disulphonic acid is reduced 
(Schultz, Rer. 1890, 23, 77); or (25%) when 
/3-naphthylamine-7-aulphonic acid is sulphonated 
with 20-25% anhydro-acid in the cold, and, after 
removal of the J:7-disulphonic acid as potassium 
salt, is separated as normal sodium salt from the 
more soluble 5:7-di8ulphonato (Bayer, G. R. 
79243 ; Drcssel and Kothe, Ber. 1894, 27, 
1196 ; see the 5:7-di8ulphonic acid). 

Identification. — The normal barium and sodium 
salts, crystalline crusts, and the acid sodium 
salt, NaHA+HaO, needles, in dilute solution 
show intense blue fluorescence (Drcssel and 
Kothe, I.C.). It is convertible into ^-chloro- 
naphlfialene-Ail-disulphonyl chloride^ needles, 
m.p. 174", an<l ]:li:i)-trichloronaphthalene (Arm- 
strong and Wynne, Proc. C,8. 1891, 7, 27). 

Reactions. — Diazotised, it furnislies ^-naphlhol- 
4:7 -disutjdionic acid when boiled with water. 
Digestion with 35% c;austic potash solution at 
180-200" converts it into 2-amiru)A-7mphthol-l- 
sulphonic acid. When heated with aniline and 
aniline hydrochloride at 150-170" it yields 1:3- 
dianilinonaphtfialeneS’Sulphonic acid. 

(vii) Naphthylamine - 4:8- disulphonic 
Acid is obtained by the reduction of ^-nitro- 
naphthalene-4:8-disulphonic acid (C/avSsella, G.P. 
65997; Fischer, cf. J.S.G.I. 1898, 17, 837). 

IdentificMion. — The acid forms prisms; the 
acid barium salt, BaHjAg, minute needles ; the 
acid sodium salt, needles, easily soluble in hot 
water. The alkaline solutions show deep blue 
fluorescence. It is convertible into naphthalene- 
l:5-di8ulphonic acid (Cassella, l.c.). 

Reactions. — It does not couple with diazotised 
bases (Cassella, l.c.). From its moderately 
soluble diazo-compound, p-'naphthol-4:H-disul- 
phonic acid has been obtained. Fusion with 
caustic alkali at 215" converts it into 2-awino-4- 
naphthol’S’Sulphonic acid. By digestion with 
^^ater or 10% sulphuric acid at 180", it yields 
P’naphthol-4-sulphonic acid. 

When boiled with zinc dust and dilute caustic 
soda solution it furnishes a mixture of the jS- 
naphthylamine-4- and -S-sulphonic acids (Kalle, 
G.P. 233934), but with sodium amalgam in the 
cold the products are p-naphihylamine-S-sul- 
phonic acid (Bayer, G.P. 265724; B.P. 28172, 
1911) and p-naphthylamine (Friedlander and 
Lucht, Ber. 1893, 26, 3033). Nitration converts 
its acetyl derivative into the 6-7iiiro-compound 
(Hdchst, G.P.a. 31417). When heated with 
aniline and aniline hydrochloride at 150-170" 
it yields \:Z-dianilinonaphthalene-5-8ulphonic 
acid. By sulphonation with 40% anhydro-acid 
at 80-120°, p-naphthylamineA:6:S-trisulphonic 
acid is obtained. 

(viii) j8- Naphthylamine - 5:7 - disulphonic 
Acid. — ^This acid is fbrmed as the minor pro- 
duct in the preparation of j5-naphthylamine- 
6:8-disulphonic acid by the sulphonation of 
^-naphthylamine. The sulphonation is carried 
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out at first in weak oleum at low temperature 
(65°). All four heteronuclear monosulphonic 
acids are formed. The sulphonation is carried 
further with more strong oleum, and at higher 
temperature (85°) the ^-naphthylamine-6-8id- 
phonic acid and the )3-naphthylamine-8-sul- 
phonic acid are converted to j3-naphtliyiamine- 
6:8-di8uIphonic acid whilst the )3-naphthylamine- 
5- and 7-8ul2>honic acids become jS-naphthyl- 
amine-l:5:7-trisulphonic ficid. 3’he st^paration 
is effected by suitably diluting the sulphonation 
mass, which pretdpitates the ^-naphthylamine- 
6:8-disulphonic acid in 44% yield. The filtrate 
containing the easily soluble trisulphonic acid is 
heated to 125° to remove the l-sulphonic acid 
group. 31ie j8-naphthylamine-5:7-sulphonic acid 
is precipitated on cooling and is obtained in 37% 
yield (H. E. Fierz- David and L. Blangey, 
“ Farbenchemie,” 4th ed. 1938). 

The maximum yield of ^-naphthylamine- 
l:5:7-tri8ulphonic acid is obtained in 15 hours 
at 95" using oleum containing 12% (‘xcess free 
sulphur trioxide. Yields : 49% jS-naphthyl- 

aminc-6:8-diaulphonic acid, 30*5% )3-naphthyl- 
amine-5:7-disulphonic acid (Ofltzerov, Aniiino- 
kras Prom. 1934, 491-497). 

Identification . — The acid potassium salt is 
convertible into ^-chloronaphtli(dene-5i7 -disul- 
phonyl chloride, ])riHins, m.p. 156"; and 1:3:6- 
trichloro naphthalene (Armstrong and Wyjine, 
Proc. G.S. 1890, 6, 131). The solubilities of the 
acid and some of its salts, expressed as parts 
per 100 parts of the saturated solution at 20" are 
as follows: HgA.SHaO, 22-97; Na2A,6H20, 
72-2; NaHA,4H20, 7 9; K2A,2H20, 63-9; 
KHA,4H20, 2-58; MgA,8H20, 2M ; 

CaA,4H20, 40-2; BaA,3H20, 22-7; 

ZnA,8H20, 39-4; PbA,6H20, 48-1 (Fierz- 
David and Braunschweig, Helv. Chirn. Acta, 
1923, 6, 1146). 

Reactions . — By the bisulphite method, it 
furnishes ^-naphthoL-5:7 -disulphonic acid. Diges- 
tion with 50% caustic soda solution at 190° 
converts it into 2-amino-5-naphthol-7-sulphonic 
adid (J-acid). On sulphonation with 40% 
anhydro-acid at 100°, it yields ^-naphthylamine- 
1:5:7 -trisulpho7iic acid. When desulphonated 
by sodium amalgam in the cold, P-:naphthyl- 
amine-7 -sulphonic acid is the product (Bayer, 
G.P. 255724; B.P. 28172, 1911). 

Converted into the toluene -p -sulphonyl deriva- 
tive, it gives the l-ciiZoro-compound on chlorina- 
tion, from which l-chloro-2-a7nino-5-naphthol-7- 
sulphonic acid can be prepared. 

(ix) )3- Naphthylamine - 6:8- disulphonic 
Acid. — The technical preparation of this acid 
has already been described (see j8-naphthyl- 
amine-6:7-disulphonic acid). The pure acid can 
also be obtained from sodium )3-naphthol-6:8- 
disulphonate by heating with ammonia and 
ammonium sulphite under pressure (Badische, 
(G.P. 117471; B.P. 1387, 1900; Bucherer, 
J. pr. Chem. 1904, [ii], 70, 358). 

Identification . — The solubilities of the acid 
and some of its salts, expressed as parts in 
100 parts of the saturated solution at 20"., are 
as follows: H2A,4H20, 9-24; Na2A,3H20, 
690; NaHA,4H20, 7-6; K2A,2HaO, 616; 
KHA,2H20, 2-6; MgA,8H20, 8-7; 

CaA,3H20, 291; BaA,3HaO, 120; 
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ZnA,8H20, 34-6 ; PbA,H20, 44-5 (Fierz- 
David and Braunschweig, lx.]. 

It is convertible into ^-chloronaphthalene-Q:S- 
disulphonyl cMoride, needles, m.p. 170°, and 1:3:7- 
irichloronaj)hthahne (Armstrong and Wynne, 
Proc. C.S. 1890, 6, 13). 

Reactions. — It does not couple with diazotised 
bases {cf. Witt, Ber. 1888, 21, 3487). Digestion 
with 76% caustic soda solution at 230-250° 
converts it into 2-amino-^-naphthol-Q-sulphonic 
acid (Hochst, G.P. 81281). On sulphonation 
with 40% anhydro-acid at 80-90°, it yields jS- 
naphthylmlphamino-6:S-disulphonic acid (Dresscl 
and Kothe, Ber. 1894, 27, 2153), but at 120- 
130°, p-7iaphthylamine-3:^:S4ri8ulphonic acid. 

jS-NAPHTHYLAMIN ETEISULPHONIC AoiDS. 

(i) jS- Naphthylamine - l:3:7-trisulphonic 

Acid is formed when j3-naphthylamine-3:7-disul- 
phonic acid is sulphonated with 40%, anhydro- 
acid at 80-90° (Bayer, G.P.a. 7030 ; Dressel and 
Kothe, Ber. 1894, 27, 1199); also when 
naphthoM:3:7-tri8ulphonic acid is heated with 
26% ammonia solution under pressure at 190° 
(Bayer, G.P.a. 7003; B.P. 17141, 1893; 

Dressel and Kothe, l.c.). The acid barium salt 
and acid sodium salt, NagHA-f ^HgO, scales, 
are easily soluble, and in solution show violet 
blue fluorescence. 

Reactions. — When boiled with dilute mineral 
acid it yields ^-naphthylamine-^'.l'disulphonic 
acid. On sulphonation with 40% anhydro-acid 
at 130°, it is converted into a mixture of the 
3:6:7- and 'SiQil -trisuljjhonic acids with the 
l:3:6:T -tetrasulphonic acid. 

(ii) Naphthylamine - 1:6:7 -trisu I phonic 
Acid is formed when j5-naphthylamine-5-sul- 
phonic, or l:5-disulphonic, or 6:7-disulphonic 
acid is sulphonated with 40% anhydro-acid at 
100° (Bayer, G.P. 80878; B.P. 20680, 1893). 

The barium^ acid potassium^ and axid sodium 
salts dissolve easily, giving solutions which 
show fluorescence. 

Reactions. — It does not couple with diazo- 
benzene chloride (Bayer, l.c.). From its easily 
soluble diazo-compound, the diazo-oxide of 2- 
amino-l-7iaphthol-5:'l-disulphonic acid is obtained 
when the solution is rendered alkaline by sodium 
carbonate (Hochst, G.P.a. 16863 ; B.P. 23993, 
1902). Digestion with 65% caustic soda solu- 
tion at 160-220° converts it into 2-amino-5- 
naphthol - 1:7 -disulphonic acid. By partial 
hydrolysis with boiling dilute mineral acids it 
yields - naphthylamine - 5:7 - disulphonic acid. 
When heated with 30% anhydro-acid at 140- 
160° it undergoes change into the isomeric p- \ 
naphthylamine-‘S:5:l-tri8ulphonic axid. 

(iii) /3-Naphthylamine- 3:5:7- trisu Iphonic 
Acid is formed, together with the 3:6:7-trisul- 
phonic acid and the 1:3:6: 7-tetra8ulphonic acids, 
when )3-naphthylamine-3:7-disulphonic acid is 
heated with 40% anhydro-acid at 130°. By 
boiling the product with water, the tetrasul- 
phonic acid is hydrolysed to the 3;6:7-trisul- 
phonic acid, which is then converted into 
sodium salt, and, after acidification, separated 
as the sparingly soluble acid sodium salt. From 
the concentrated mother-liquor the easily 
soluble acid sodium salt of the 3;5:7-isomer can 


be sexmrated (Bayer, G.P. 81762 ; B.P. 17141a, 
1893; Dressel and Kothe, Ber. 1894, 27, 1202). 
It is the sole product of the change which occurs 
when )9-naphthylamine-l:6:7-tri8ulphonic acid 
is heated with 30% anhydro-acid at 140-160° 
(Bayer, G.P. 90849). 

Identification. — The sodium salt, 

NagA+SiHgO, 

from dilute alcohol, the acid sodium salt, 
NUgHA, and the acid barium salt are very 
soluble, and in solution show intense green 
fluorescence. 

Reactions. — From its very soluble diazo- 
compound, p-7iaphthol-3:5:7 drisulphonic acid has 
been obtained (I)ressel and Kothe, lx.). Diges- 
tion with 30% caustic soda solution at 190° con- 
verts it into 2-ammo-5'naphthol-<i:l-di8ulphonic 
axid. 

(iv) Naphthylamine - 3:6:7- trisu I phonic 
Acid is formed when j3-naphthylamine-3:7- 
disulphonic acid is heated with 40% anhydro- 
acid at 130°, being separated by means of its 
sparingly soluble acid sodium salt from the 
3:5:7-trisulphonic acid also produced {q.v.) ; 
or when jS-napthylarnine-l :3:6:7-tetrasulphonic 
acid is boiled with dilute mineral acids (Bayer, 
G.P. 81762; B.P. 17141 a, 1893); or when j8- 
naphthol-3:6:7-tri8ulphonic acid is heated with 
25% ammonia solution (3 parts) and am- 
monium chloride (0-5 part) during 8 hours at 

I 30-40 atm. (Bayer, G.P.a. 7019; B.P. 17141, 
1893). 

Identification. — The sodium salt is easily, 
the barium salt and acid sodium salt, 
Na^HA-fSHgO, long silky needles, are spar- 
ingly soluble in cold water, the solutions showing 
intense blue fluorescence. 

Reactions. — l^Yom its sparingly soluble diazo- 
compound, p-naphthol-SiGi'l-trisulphonic acid 
has been obtained. Digestion with 55% caustic 
soda solution at 180-240° converts it into 2- 
amino-l-naphthol-^:Q-disulphonic acid. On sul- 
phonation with 40% anhydro-acid at 100-130°, 
it yields P-7iapkthylamine-l:Si6:l-ietrasulphonic 
acid. 

(v) j3- Naphthylamine- 3:6:8 -trisulphonic 
Acid is obtained when )3-naphthol-3:6:8-trisul- 
phonic acid is heated with ammonia at 200-250° 
(Landshoff, G.P. 27378 ; cf. Dressel and Kothe, 
Ber. 1894, 27, 2154) ; or when j3-naphthylamine- 
6:8-disulphonic acid is heated with 40% anhydro- 
acid at 120-130° (Dressel and Kothe, l.c,)\ or 
when sodium a-nitronaphthalone-3;6:8-tri8ul- 
phonate is heated with ammonia solution under 
pressure at 150-170°, nitrogen being eliminated 
(KaUe, G.P. 176621). 

Identification. — The acid potassium salt, 
KjHA-flJHgO, forms needles, soluble in 40 
parts of water at 20°; the acid sodium salt, 
easily soluble needles ; the solutions show in- 
tense sky-blue fluorescence. 

Reactions. — Digestion with 80% caustic soda 
solution at 220-260° converts it into 2~amino-S‘ 
naphthol-S:6-disulphonic axid. By desulphona- 
tion with zinc dust and boiling dilute caustic 
soda solution, it yields P-naphthylamine-Z:Q-ddsul- 
phonic axid. 

(vi) jS-Naphthylamlne -4:6:8- trisulphonic 
Acid is obtained when sodium j3-naphthylamine- 
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4:8-(liHulph<)iuite is heated with 40% anhydro- 
aeid at 80- and finally at 120'^. 

Re, action . — When heated with 00% (*austie 
soda solution at 170-180 ', it is converted into 
2-amino ‘4~7iaphtftnJ -(hH-disnlphmic acid (Bayer, 
ChP.a. 8154; (J.P. 89242). 

The condensation products corresponding with 
those obtained from a-naphthylaiuine-4:();8- 
trisul])honic acid {q.v.) have not the same 
trypanocidal effects (Morgan and Mitchell, 
J.C.S. 1932, 1910). 

^-Na P liTTIYLAM IN ETETRASIJ LrilONlC AcTl). 

- Naphthylamine - l:3:fi:7-tetrasu I phonic 
Acid occurs in the product formed when p- 
na})hthylamine-3:7-disulph()nic acid is heated 
with 40% anh^Tlro-acid at 130'- {.tee the 3:5:7- 
trisulphonic acid). It is obtained when 
iiaphthylaniine-3:6:7-triHulphoni(! acid is heated 
with 40% anhydro-acid at 100-130" (Dressel and 
Kothe, Her. 1894, 27, 1203), or when sodium j3- 
naphthoM :3:fi:7-tetrasulph(»nat(' is heated with 
25% ammonia solution at 180" undiT pressure 
(Bayer, (l.P.a. 7003; B.P. 17141, 1893; Dressel 
and Kothe, l.c.). 

Salts. --Tlio barium salt, Ba.^A f SHgO, 
sparingly soluble microscopic crystals, and the 
easily soluble sodium salt sliow, in dilute solu- 
tion, violet-blue fluorescence. Acid salts have 
not betm obtained, and acid solutions when 
boiled und(a-go partial hydrolysis, giving rise to 
)5- na f)h th ylam ine -3:0:7 -tris ulphon ic acid. 

HALOOEN<.)-j3-NAPJlTHYLAMINES. 

The chlorination of j8-naphthylamine and its 
functional derivatives has been comparatively 
little studied, but more complete investigation 
of bromination has been made. Bleaching 
powder oxidises )3-naphthylamine to dinaphtha- 
zinc ; chlorination of the sulphate in strong 
sulphuric acid gives 5:8-dichloro-)3-naphthyl- 
amine, the amino-group having no orientatiiig 
effect under these conditions. l-Chloroacet-)?- 
•naphthalide is obtained by chlorinating acet-j8- 
naphthalide. Bromination of acyl or benzyl- | 
idene derivatives of j3-naphthylamine causes 
bromination successively in the 1-, ()-, and 3- 
positions, the 1 -bromine being readily removed 
by reduction from the mono-, di-, and tri- 
bromo-compounds. 

l-Chloro-)3-naphthylamine obtained by 
chlorinating aeet-j3-naphthalide in acetic acid 
solution, and hydrolysing the product with hot 
hydrochloric acid, forms needles, m.p. 59"". 
The hydrochloride, HjO, forms needles ; 

the acetyl derivative, needles, m.p. 147° (Clevo, 
Ber. 1887, 20, 1989). 

1 - Chloro - j3 - naphthylaminesulphonic 
Acids. — When sulphonated with 2% anhydro- 
acid at 70°, 100°, and 160°, l-chloro-j3-naphthyl- 
amine yields as chief product respectively the 
5-, 6-, and 7-Bulphonic acids (Armstrong and 
Wynne, Proc. C.S. 1889, 5, 36, 48). These acids 
when diazotised and heated in solution with 
excess of sodium carbonate at 50-60°, are con- 
verted into the diazo- oxides of the corresponding 
2-amino-a-naphtholsulphonic acids (Badische, 
G.P. 146906; 148882; B.P. 6615, 1902). 

4-Chloro-j8-naphthylamine, m.p. 68°, has 


been prepared starting from 2-nitro-l -naphthyl- 
amine (Hodgson and Elliott, J.C.S. 1935, 1850). 

Bromo-)S-naphthylamines. — The bromina- 
tion of j8-naphihylamine (in the form of func- 
tional derivatives) has been studied by Eranzen 
ami collaborators (J. pr. f'hem. |ii], 1913, 88 , 
755; 1917, 95 , 160; 1921, 101 , 69) and the 
following have been di'scribetl : l-bromo-^- 
\ naphfhylamitic, m.p. 63'^ {acetyl, m.p. JIO'^); 
(y-bromo-^-napfithylami nc,'m.\). 128" {acetyl, m.p. 
192"); \:Vt-dibrotno-^-nnphihylaminc, m.p. 119- 
120" ; "Mi)-dihromo-(i-naphihylanii7ie, m.p. 187° 
{acetyl, m.p. 195°) ; A-bromo-ji-naphthylamine 
has m.p. 71*5" {acetyl, m.p. 189°) (Fries and 
S(‘himmolsehmidt, Aniialen, 1930, 484 , 269) and 
5-(or H-)~hromo-^-naphthylay7iinc, m.p. 35° {obceXyl^ 
m.p. 158") (von Braun ei al., Ber. 1922, 55 [BJ, 
1698). 

NlTRO-jS-NAPHTHYLAIVlINKS. 

Nitration of jS-naplithvlamine in sulphuric 
a<‘i(l gives the 5- and 8-monoiiitro derivative.s, 
but when acyl derivatives of the bas(‘ are nitrated 
a different course is followed. Thus acet-j9- 
naf>hthalidc gives first mainly the 1-nitro 
(about 60%) along with the 6- ami 8-nitro 
derivatives (about 15% each), and on dinitration 
the 1:5- and l:8-dinitro derivatives (Vesely and 
Jakes, Bull. Soe. ehim. 1923, [iv], 33 , 942) and 
some J:6-dinitro derivative (Bidl, J.C.S. 1929, 
2784). When, howcvcT, p-toIuenesulphoii-jS- 
naphthalide is nitrated, the l-nitro-derivative 
is first formed, and by further nitration only the 
l:6-dinitro-eompound (Morgan and Mickle- 
wait, ibid. 1912, 101 , 148; Bell, l.c.). Bell 
obtained the 1:5 and l:8-dinitro derivatives by 
nitrating respectively 5- and 8-nitro-jp-toluene- 
sulphon-^-naphthalidc. He found that nitration 
of rw-nitrobenzencsulphon-^-naphthalide gave 
Huecessively the l:0-dinitro and l;6:8-trinitro- 
derivatives. When N-^-naphthyl - N' - ethyl - 
carbamide or methyl ^-naphthylcarbamate is 
nitrated, 1-, 6-, and 8-nitro derivatives are 
formed, followed by 1:0- and l:8-di- and finally 
l:6:8-tri-nitro derivatives (Groonoveld, Koc. trav. 
chim. 1932, 51 , 783). 

5- and 8-Nitro-/3-naphthylamine8 when coupled 
with diazo-eompounds form 1-azo derivatives 
which on oxidation give nitronaphthatriazoles, 
reducible to aminonaphthatriazoles such as 



Such compounds have been patented as azo- 
dye intermediates (Holliday and Morgan, B.P. 
191797 ; Morgan and Chazan, J.S.C.I. 1922, 41 , 
It ; Morgan and Gilmour, ibid., p. 61 t ). Morgan 
and Jones have also described condensation 
products of 1-, 5-, and 8-nitro-j3-naphthylamme 
with formaldehyde {ibid. 1923, 42 , 92 t ), 

The nitration of jS-naphthylamine-O-sulphonic 
acid (Bronner’s acid) to the 8-nitro-derivative 
and of )3-naphthylamine-4:8-disulphohic acid 
(amino-G-acicl) to the 6-nitro-derivative have 
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been carried out by Voroschcov and Gribov 
(A. 1923, i, 919). 

Vesely and Dv6rak, by nitrating 1-bromoacet- 
^-naphthalide obtained l:8-dmitroacet-/S-naph- 
thalidc with sonic S-nitro-l-bromoacet-jS-naph- 
thalide. Both 0- and 8-nitroacet-j3-naphthalide 
brominate in the I -position (Cheiri. IJsty, 1923, 
17, 163). The colour of the nitronaphthylamines 
in relation to their possible structure has been 
discussed by Hodgson and H. S. Turner (J. Soc. 
Dyers and Col. 1943, 59, 218). 

(i) l-Nitro-)3-naphthylamine. — The pre- 
paration of this compound by nitrating acet-jS- 
naphthalide in acetic aciid is described by 
Heilpern and Spielfogel (J.S.CM. 1898, 17, 836). 
Vesely and Jakes used acetic anhydride as 
medium. They dissolved 30 g. of acet-j3- 
naphthalide in 40 g. of warm acetic anhydride, 
and after cooling added 20 g. of 60% nitric 
acid to the fine suspension, at 25-30“. The 
whole was then dissolved by warming, cooled 
and seeded with 1-nitroacet-^-naphthalide. The 
mass of crystals separating was tiltered and 
recrystallised from al(!ohol. \-Milroacet-p-naph~ 
thalide has m.p. 126“; l-nitro-P-naphthylaniine 
obtained by hydrolysing the acetyl compound 
forms orange-yellow crystals, m.p. 126-127“ 
(Bull. 8oc. chim. 1923, [iv], 33, 942). Prom its 
diazonium com})Ound Voroschcov has prepared 
l-nitronaphthahneaulphinic acid (J. Gen. Chem. 
Russ, 1939, 522). By mercuric acetate it is 
converted into the 'i-mercariacelate^ whence 
*6-ic)do-l-vUro-2-'naphihylamirie is obtained 
(Hodgson and Elliott, J.C.S. 1939, 345). 

1 - Nitroacet - p - naph thalide gives 1 - nitro- 
p-naphthol when boiled with aqueous caustic 
soda (Jacobson, Ber. 1881, 14, 1792). 

(ii) 3-Nitro-)3-naphthylamjne is obtained 
by reduction of 2:3-dinitronaphthalenc with 
sodium sulphide in. methyl alcohol in presence 
of sodium bicarbonate. It forms red needles, 
m.p. 86*5°; picraiCy m.p. 171-172°; acetyl 
derivative, m.p. 191 •5-192*5° (Hodgson and 
H. S. Turner, J.C.S. 1943, 636). The base is 
soluble in dilute hydrochloric acid, 

(iii) 4-Nitro-j3-naphthylamine is produced 
together with 3-nitro-l -naph thy lamine {q-v.) 
when l:3-dinitronaphthalcne is reduced. It 
crystallises from 50% aqueous alcohol in red 
needles, m.p. 98*5° (Hodgson and Hathway, ibid. 
1944, 386) ; formyl derivative, m.p, 205°; a>cetyl 
derivative, m.p. 241° (Hodgson and Birtwell, 
ibid. 1944, 76). 

(iv) 6-Nitro-jS-naphthylamine is formed 
as chief product, together with the S-isomer, I 
when jS-naphthylamine nitrate (1 part) is 
stirred into monohydrate (4 parts) at 0°, 20% 
anhydro-acid (2 parts) being added gradually 
during the operation, and separates in the cold 
as sulphate when the nitration product is 
diluted with water (50 parts), the more soluble 
sulphate of the S-isomer being retained in the 
mother-liquor (Hirsch, G.P. 67491 ; B.P. 9768, 
1890; Friedlander and Szymanski, Ber. 1892, 
25, 2076). It forms red needles, m.p. 143*5°; 
its acetyl derivative yellow needles, m.p. 185*6° ; 
-p-tohienemlphonyl derivative, m.p. 168° (Bell, 
lx.). 

Reactions . — From its diazo-oompound b-nii/ro* 
P-naphthol has been obtained. By reduction 


with iron and acetic acid it yields liQ-diamino- 
naphthalene (Friedlander and Szymanski, l.c .) ; 
but when boiled with sodium sulphite or bisul- 
phite solution it is converted into a IxiS-diamino- 
naphthulenesulphonic acid (Read, Holliday and 
Sons, B.P. 26020, 1896). 

(v) 6 - Nitro - - naphthylamine, orange 

flakes, m.p. 203°; acetyl derivative, yellow 
needles, m.p. 224° (Vesely and Jakes, BuU. Soc. 
chim. 1923, [iv], 942). It forms Q-nitro-2- 

naphthylarsinic acid (Sweet and Hamilton, 
J. Amer. Chem. Soc. 1934, 56, 2408). 

6-Nilro-P-naphihylamine-^-aulphonic Acidj ob- 
tained by nitrating jS-naphthylamine-S-sul- 
phonic acid dissolved in sulphuric acid (Immer- 
heiser, G.P. 57023), gives a barium salt, 
BaA24 4^H20, and ammonium salt, NH4A, 
in red crystals (Jacchia, Annalen, 1902, 323, 
119), and yields 2:(o-diaminonaphthalene on re- 
duction with sodium amalgam (Friedl&nder and 
Lucht, Ber. 1893, 26, 3033). 

The 4:H-disulphonic acid is obtained by 
nitrating acet-j8-naphthalidc-4:8-disulphonic a(4d 
in sulphuric acid solution and hydrolysing the 
luoduct (Hdehst, G.P.a. 31417). 

(vi) 7-Nitro ^ naphthylamine, m.p. 184-5°, 
is obtained by mono-reduction of 2:7-dinitro- 
naphthalenc (Hodg-ton and Ward, J.C.S. 1945, 
590) 

(vii) 8- Nitro - j8- naphthylamine {see 5- 
nitro-j8-naphthy lamine) forms red needles, m.p. 
103-5°, and its acetyl derivative, yellow needles, 
m.p. 195-5°; p-tolueneaulphonyl derivative, 
m.p. 139° (Bell, l.c.). From its diazo-compound 
^-nitro-p-naphthol can be obtained, and it gives 
1:1 -diaminonaphihalene on reduction (Fried- 
l&nder and Szymanski, ibid. 1892, 25, 2081). 

(viii) 1:5 - Dinitro - j3 - naphthylamine has 
m.p. 191° ; it is yellow in colour ; acetyl deriva- 
tive, m.p. 200-201° (Vesely and Jakes, l.c.) ; 
p-tolueneaulphonyl derivative, m.p. 182° (Bell, 
l.c.). 

(ix) l:6-Dinitro-jS-naphthylamine, m.p. 
246°, gives an acetyl derivative, m.p. 230° 
(Bell, I c.). 

(x) l:8-Dinitro-j8-naphthylamine forms 
both yellow and orange crystals, m.p. 221- 
222° ; acetyl derivative, m.p. 237-238° (Groene- 
veld, l.c.) ; p-tolueneaulpho'nyl derivative, m.p. 
221° (Bell, l.c.). 

(xi) l:6:8-Trinitro-j8-naphthylamine, m.p. 
300° (decomp.), is described by Bell {l.c.). 

DIAMINONAPHTHALENES. 

The ten possible diaminonaphthalenes are all 
known. The methods employed in their pro- 
duction involve usually either replacement of 
hydroxyl by amino- in aminonaphthols or di- 
hydroxynaphthalenes, or reduction of dinitro- 
naphthalenes or nitronaphthylamines or of azo- 
dyes, They are not in themselves technically 
important except for the identification of azo-dye 
components. 

For the preparation of the 1:2- or l:4-diamino- 
naphthalene, reduction of the o- or p-azo-dyes 
of the naphthalene series by stannous chloride 
can be employed; and for that of the 1:3- 
derivative use is made of the naphthylamine- or 
naphthol-3-sulphonic acids, as these exchange 
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the sulphonic-group in the m€<a-p08ition for an 
amino-group when heated with ammonia. 
These homonucleal compounds respectively 
resemble in properties the ortho-y para-y and 
rrteto-diamines of the benzene series. 

Of the heteronucleal compounds, the 1:5 
derivative has been usetl for the production of 
disazo-dyes, but the interest attaching to the 
1:8- derivative is due less to its property of 
coupling with diazotised bases than to the 
readiness with which — like the 1:2- and 2:3- 
diamines — it forms a third six-membered ring. 
Some of these pm-condensation products are 
coloured, others colourless, and, ac(‘()rding to 
Sachs, colour or its absence is associated with 
the presence or absence of an iinsaturated linking 
in the new ring (Annalcn, 1909, 365, 53) : 


CCH, 



ColourlesB. Green. 


N 

N ^ H 



Red. 


The diaminonaphthalones crystallise well, 
but, as a rule, are less stable, and therefore less 
suitable for the production of dyestuffs, than the 
respective diaminonaphthalenesulphonic acids. 
With nitrous acid, the 1:2-, 2:3-, and 1 :8-diamincs 
fiirnish azimino- compounds, but the l:4-diamine 
is oxidist'd to [a-]naphthaquinone ; the hetero- 
nucleal diamines other than the 1 :8-isomer give 
tetrazo derivatives, of which that from the 1:5- 
diamine furnishes substantive disazo dyes for 
cotton (Badische, G.P. 39954). 

Voroshcov (A. 1922, i, 956) considers that the 
analogues of benzidine in the naphthalene series 
are the 1:4-, 1:5-, 1:6-, and 2:6-diaminonaphtha- 
lenes which likewise furnish substantive azo- 
dyes. Substantive azo-dyes have also been 
obtained from the diacetoacetyl derivatives of 
the 1:4-, 1:5-, and 2:6-diaminonaphthalene8 — 
these melt respectively at 197°, 249-250°, and 
203-204° with decomposition (Griesheim, B.P. 
211772). 

(i) l:2-Diaminonaphthalene is obtained 
by reducing azo-compounds derived from )S- 
naphthylamine by coupling with diazotised 
bases (Griess, Ber. 1882, 15, 2193; Lawson, 
ibid. 1886, 18, 800, 2423 ; Sachs, ibid., p. 3128; 
Witt, ibid. 1886, 19, 2796; 1888, 21, 3482); 
or [j3-]naphthaqumonedioxime (Koreff, ibid. 
1886, 19, 179) ; or 2-nitro-a-naphthylamine 
(Lellmann and Remy, ibid., p. 803) ; or l-nitro-j8- 
naphthylamine (Lawson, l.c. ; Lellmann and 
Remy, l.c.) with stannous chloride in hydro- 
chloric acid solution. It can also be obtained 


from l:2-diaminonaphthalene-4-sulphonic acid 
(Friedlander and Kielbasinski, ibid. 1896, 29, 
1978) or 3- or 5-8ulphonic acid (Gattermann and 
Schultze, ibid. 1897, 80, 53, 65) by interaction 
with sodium amalgam. 

Preparation . — On the laboratory scale, 10 g. 
of benzeneazo-j8-naphthylamine, dissolved in 
300 g. of boiling dilute acetic acid (1:5), are 
reduced by adding zinc dust in small quantities 
until the colour of the solution changes to bright 
yellow. The sulphate, obtained by filtering 
the boiling solution into dilute sulphuric acid, is 
then boiled with sodium carbonate solution until 
dissolved (Bamberger and Schieffelin, ibid. 

1889, 22, 1376). 

Identification . — It separates from hot water in 
silvery rhombic scales, in.x). 95-96°, and is 
oxidised rapidly, becoming brown on exposure 
to the air. The hydrochloride, B,2HC), forms 
short prisms casil}^ soluble in water, and with 
ferric chloride gives an olive-green coloration, 
changing to brown and yellow ; the sulphate, 
B2,H2S04, scales; the diaretyl-compound, 
needles, m.p. 234° (Lawson, Lc.). With benzil, 
[j9-]naphthaquinone, pheruinthraquinonc (Law- 
son, l.c. ; Witt, l.c.), or glyoxal (Hinsberg, Ber. 

1890, 23, 1394), it yields quinoxalines, and with 
nitrous acid a mixture of the two aziynino- 
compounds (Morgan and Godden, J.C.S. 1910, 
97, 1718). 

The 1 -Of e%r derivative has been obtained, not 
by acetylation but mixed with the 1 :4-compound 
{q.v.), by nitration of acet-a-naphthalide and 
reduction of the product (G.P.a. 6503). 

2-Phenylamino-a-naphthylfxmine, broad needles 
or scales, m.p. 138-140°, forming very sparingly 
soluble salts (Witt, ibid. 1887, 20, 573, 1184; 
Zinckc and Lawson, ibid., p. 1170); and the 
‘I-p-tolyl derivative, needles, m.p. 146-147° 
(Fischer, ibid. 1892, 25, 2846), have been 
obtained by reduction of azo derivatives of 
phenyl- and ^-tolyl-jS-naphthylamine. 

(ii) 1:3- Diami nonaphthalene is formed 
when l:3-dinitronaphthalcnc is reduced with 
tin and hydrochloric acid (Urban, ibid. 1887, 
20, 973). It is also produced when sodium a- 
naphthylamine- or a-naphthol-3-sulphonate is 
heated with ammonium chloride and 22% 
ammonia under pressure at 160-180° (Kalle, 
G.P. 89061; B.P. 9103, 1895); or when 1- 
araino-3-naphthol (Friedlander, Ber. 1895, 28, 
1953) or l:3-dihydroxynaphthalene (Fried- 
lander and Riidt, ibid. 1896, 29, 1612) is heated 
with concentrated aqueous ammonia under 
pressure at 1 60°. 

Identification . — It crystallies from water in 
scales, m.p. 96° ; its hydrochloride, B,2HCi, and 
sulphate., in easily soluble needles, which in 
solution give a dark brown coloration with 
ferric chloride ; the diacMyl compound in 
sparingly soluble needles, m.p. 263° ( Fried - 
Iftnder, l.c.). With diazotised bases it gives 
chrysoidines, and with nitrous acid a deep 
yellow coloration (Urban, l.c.). 

\'.Z- Dianilinonaphikalene is obtained when a- 
naphthylamine-3-sulphonic acid (Bayer, G.P. 
76296; B.P. 8898, 1893), phenyl-a-naphthyl- 
amine-3-8ulphonic acid (Bayer, G.P. 78864 ; 
B.P. 19623, 1893), or a-naphthol-S-sulphonic acid 
(Bayer, G.P. 77866 ; B.P. 16780. 1893) is heated 
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with aniline and aniline hydrochloride at IdO- 
170®. It is insoluble in and its hydrochloride 
is decomposed by Mater. The corresponding 
ditolyl, dixylyl, and phenyltolyl derivatives have 
also been prejuireil. 

(hi) l:4-Diaminonaphtha!ene is formed by 
reducing azo derivatives of a-naphthylamine 
with till or stannous chloride and hydrocdiloric 
acid (Perkin, J.C.S. IKOo, 18, 173; (Iriess, Ber. 
1882, 15, 2102; Friedlander, ibid. 1880, 22, 
500) or M'ith sodium hydrosulphite (Orand- 
mougin, ibid. 1006, 39, 3561); or by reducing 
4-nitro-a-naphthylamin(^ with tin and hydro- 
chloric acid (Lieliermann and Dittler, Annalen, 
1 876, 183, 238). It is also formed by hydrolysing 
1 :4-diaminonaphthalene-6-Ru]phonic acid (Cas- 
sella, G.P. 74177 ; B.P. 15444, 1803). 

Preparation. — On the laboratory scale, ben- 
zenoazo-a-naphthylaminc is boiled with zinc 
dust and Mater, the colourless solution tiltcred 
into dilute sulphuric' acid, and the crystalline 
sulphate warmed M'ith aqueous sodium carbonate 
for about 5 minutes (Bamberger and Schieffelin, 
Ber. 1889, 22, 1381). 

Identification. — It crystallises from water in 
needles or small })risms, m.p. 120®, M'hich wheri 
moist rapidly become ('oloured green and decom- 
pose. Idle hydrochloride, B,2HCI, forms readily 
soluble scales, and in neutral solution with ferric 
chloride gives a green ('oloration, changing to a 
brown j)recipitate of impure' | a-]naphthaquinone 
(Griess, l.c.) ; the sulphate, B.HgSO^, sparingly 
soluble needles ; the diacciyl derivative, needles, 
m.p. 305® (Kleemann, ibid. 1886, 19, 334; Bam- 
berger and Schielfciin, l.c.). 

lieaclions. — By nitrous acid (Grandmougin 
and Michel, ibid. 1892, 25, 077) or by dilute 
chromic acid solution, or ferric chloride, it is 
oxidised to [a-]naphthaquinone. 

Monoacetyl- 1 A-diam inonaphthalene is ob- 
tained, mixed with the 1:2- derivative, when 
acet-a-naphthalide is stirred with four times its 
weight of 40% nitric acid at 0° during about 18 
hours and the product reduced by iron. To 
separate the isomers, the mixture (1 mol.) is 
either heated with dilute hydrochloric acid (1 
mol.) at 80® when the hydrochloride of the 1:4- 
derivative passes completely into solution and 
can afterwards be salted out, or boiled with 
dilute sulphuric acid (^ mol.) when the sulphate, 
being only sparingly soluble in the cold, can be 
freed from the 1:2- derivative which remains in 
solution (Dahl, G.P. a. 6503). Unlike the di- 
amine, which is not diazotisable, this compound 
can be used in the production of disazo-dyes, as 
the free amino-group can be diazotised and 
coupled before the acetylamino-group is 
deacetylated. 

(iv) 1:5 - Diami.nonaphthalene {[a-'\di- 
aminonaphthalene. ; semi-naphthalidam) is ob- 
tained from l:6-dinitronaphthalene by reduc- 
tion. It is also formed when l:5-dihydroxy- 
naphthalene is heated with ammonium bisul- 
phite solution and ammonia at 125° (Badische, 
G.P. 117471 ; B.P. 1387, 1900); or when 1:5- 
diaminonaphthalene-2-8ulphonic acid is heated 
with dilute mineral acid (Friedlander and Kiel- 
basinski, Ber. 1896, 20, 1983); or when a- 
naphthylamine is heated with naphthalene and 
sodamide at 230® (Sachs, ibid. 1906, 39, 3021). 


Identification. — It crystallises in needles, m.p. 
189-5®, sublimes without decomposition, and 
with ferric chloride gives an ii\tenso bluish- 
violet coloration. The hydrochloride, B,2HC), 
and the sulphate, B,H 2 S 04 , form moderately 
soluble needles; the moyioacctyl compound has 
rn.p. 164® (lluggli and Knapp, Helv. Chim. Acta, 
1030, 13, 763) ; thi' diacetyl compound, m.p. 
360®, unlikt' the diamine, causes serious irritation 
of the skin (Kiinckell and Schneider, Chern.- 
Ztg. 1012, 36, 1021, 1226; cf, Chern. Fabr. R. 
Scheuble & (3o., ibid., p. 1226). It is convertible 
into l;5-dichlor()naphthalcne (Erdmann, An- 
nalcn, 1888, 247, 360). 

Beactions. — With nitrous acid it yields a 
/c/rr/'m-compourid, and, by coupling with di- 
azotised bases, azo- or disazo-dyes. By the 
bisuljdiite reaction, l-aminoIS-naphihol is the 
product. On snlphonation, its s\dphal(' yields 
1 ‘.ri-diaminonaphthalcne-'l-sulphon ic acid. 

(v) l:6-Diaminonaphthalene, prej)ared by 
heating 1 :6-dihydroxynaphthal('ne with am- 
monia under pressure at 150- 300® (Ewer and 
Piek, G.P. 45788), or jS-naphtfiylamine M'ith 
sodamide and naphthalene at 2.30 ' (8fichs, Iku*. 
loot), 39, 3022), can bo obtainecl pure by 
reducing eitlKU' .5-nit ro-/3-naphthylaininc M'ith 
iron and acetic acid (Fricdlaiuier and Szvmanski, 
ibid. 1802, 25, 2080; cj. llirsch, G.p‘ 57491; 
Daw-son ami Hirsch, B.P. 0768, 1800), or 1:6- 
dinitronaplithalcne with tin and hydrochloric 
acid (Kel)rmann and Matis, Ber. 1898,81,2410). 

Identification. — It crystallises from water in 
short needles, m.p. 77-5®, darkens on exposure 
to air, shoM's l)lue fluorescence in solution, and 
gives with ferric chloride a dark brownish- violet 
coloration. The hydrochloride, needles, is easily, 
but the sulphate, B,H 2 S 04 , needles, only 
sparingly soluble in water; the diacetyl deriva- 
tive no(‘dles, m.j). 257°, dissolves sparingly in 
alcohol. The telrazo-Qompowad is ('onvcrtible 
into l:(y-dicMoronaphthalene (Friedlander and 
►Szymanski, l.c.). 

(vi) 1:7 - Diaminonaphthalene is pre- 
pared by reducing 8-nitro-)3-naphthylamine in 
alcoholic solution with tin and hydrochloric 
acid (Friedlander and Szyrnanski, ibid. 1892, 25, 
2082), or by heating l:7-dihydroxy -^-naphthoic 
acid with ammonia under pressure at 200- 
210® (Friedlander and Zinberg, ibid. 1896, 29, 
40). 

Identification. — It crystaUisea from water in 
needles, m.p. 117-5°, gives with ferric chloride a 
violet coloration, and forms a diacetyl derivative, 
rhombohedra, m.p. 213°. The ^cirazo-coinpound 
is convertible into 1:1 -dichloronaphthalene (Fried - 
lander and Szymanski, l.c.). 

(vii) l:8-Diaminonaphthalene (perina^i^- 
thylenediamine) can be obtained by reducing 
l:8-dinitronaphthaleno with tin and hydro- 
chloric acid (Ladenburg, ibid. 1878, 11, 1651 ; 
Erdmann, Annalen, 1888, 247, 363). It is also 
formed when l:8-dihydroxynaphthaleno is 
heated with ammonia under pressure at 250- 
300° (Erdmann, l.c.). 

Identification. — It crystallises from aqueous 
alcohol in needles, m.p. 67°, and in aqueous 
solution gives, with ferric chloride, a dark 
chestnut-broMTi coloration. The hydrochloride, 
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B,2HCI, forms very soluble scales, m.p. 280° 
(Ekstrand, Ber. 1887, 20, 1353) ; the sulphate^ 
B,H 2 S 04 , sparingly soluble needles; the 
dibenzoyl derivative, needles, m.p. 311-312° 
(Sachs, ibid. 1906, 89, 3027); and the oxalate^ 
either needles, m.p. 271° (Meyer and Miillcr, 
ibid. 1897, 80, 775), or BA-I- 2 H 2 O, decomp. 
270° ; BgA, m.p. 205° (Sachs, Annalen, 1909, 
366, 101). 

Reactions. — ^Many condensation products can 
be obtained from this diamine. For example, 
with acetic anhydride it forms a green anhydro- 
compound, m.p. 210° (Sachs, Ber. 1906, 39, 
3027) ; with ethyl oxalate, a red crystalline 
“ perimidine ” derivative (Aguiar, ibid. 1874, 
7, 306 ; Meyer and Muller, l.c. ; Sachs, ibid. 
pp. 69, 96) ; with phthalic anhydride a yellow 
perimidylbenzoic acid or red phthaloperinoncy 
needles, m.p. 227-228° (Sachs, ibid., p.’117; Bayer, 
G.P. 202354 ; B.P. 7575, 1908) ; with acetone a 
colourless dimethyldihydroperimidine {cf. Sachs, 
ibid., p. 151 ; Badische, G.P. 122475) ; with 
phosgene or alkyl carbonates, colourless perimi- 
dones (Sachs, ibid., p. 135). 

With nitrous acid, it yields a red azimino 
derivative, and can be converted into a tetrazo- 
compound (Huggli, Helv. Chim. Acta, 1935, 18, 
1414). Its acid sulphate, when baked in a 
vacuum, is converted into \'.^-diammo naphtha- 
lene A- sulphonic acid. Boiled with sodium bi- 
sulphite solution and afterwards with alkali, it 
gives \-amino-^-naphthol ; but when heated with 
17% hydrochloric acid at 180° the product is 
1 : S -dihydroxy naphthalene . 

It has been claimed as a rubber preservative 
(Goodrich, U.S.P. 1532398). 

(viii) 2:3 - Diaminonaphthalene is ob- 
tained by heating 2:3-dihydroxynaphthalene 
with 30% ammonium suljihite solution and 
20% ammonia at 80°, the product afterwards 
being acidified (Badische, G.P. 117471 ; B.P. 
1387, 1900; see Goldstein and Streuli, Helv. 
Chim. Acta, 1937, 20, 520). 

Identification. — It crystallises from water in 
scales, m.p. 191°, and gives no coloration with 
ferric chloride. The hydrochloride is easily, but 
the sulphate only sparingly, soluble. The 
(^iacetyl derivative forms needles, m.p. 247°, 
convertible by prolonged boiling with acetic 
acid into an anhydride, m.p. 168°. 

Reactions. — Its behaviour is that of an 0 - 
diamine. With nitrous acid it yields an azimino 
derivative, yellow needles, m.p. 187°, and with 
diazotised bases (1 mol.) it couples giving red 
azo-dyes (Friedlknder and Zahrzewski, Ber. 
1894, 27, 764). 

The diphenyl derivative obtained by heating 
2:3-dihydroxynaphthalene and aniline with 1% 
of iodine at 200°, forms needles, m.p. 143® 
(Knoevenagel, J. pr. Chem. 1914, [ii], 89, 37). 

(ix) 2:6- Diaminonaphthalene is obtained 
when 2:6-dihydroxynaphthalene is heated with 
ammonia-calcium chloride at 270° (Jacchia, 
Annalen, 1902, 328, 132). It is also formed 
by reduction of 2:6-diaminonaphthalene'4-sul- 
phonio acid with sodium amalgam (FriedlAnder 
and Luoht, Ber. 1893, 26, 3033). 

Identification. — It crystallises in scales, m.p. 
216°, darkens on exposure to the air, and with 
ferric chloride gives a green coloration, which 


changes to blue when the solution is warmed! 
The sulphate is sparingly soluble; the diacety^ 
derivative forms needles. 

The diphenyl derivative, obtained by heating 
2:6-dihydroxynaphthalene with aniUno and 
aniline hydrochloride at 170°, melts at 210° 
(Leonhardt, G.P. 54087 ; B.P. 3098, 1890). 

(x) 2:7-Dlaminonaphthalene is obtained 
when 2:7-dihydroxynaphthalene is boiled with 
ammonium sulphite solution and ammonia 
(Franzen and Deibel, J. pr. Chem. 1908, [ii], 
78, 155). It is also formed from 2-amino-7- 
naphthol by the bisulphite reaction (Bucherer, 
ibid. 1904, [ii], 69, 80). 

Identification. — It crystallises from water in 
scales, m.p. 161°, and gives no coloration with 
ferric chloride. Its salts are easily soluble. The 
diacetyl derivative forms needles, m.p. 254°. 

Reactions. — Diazotised in acetic acid solution, 
it yields only a diazo- compound (Kaufler and 
Karrer, Ber. 1907, 40, 3263), but in sulphuric 
acid a tetrazo- derivative convertible into 2:7- 
dichloronaphthalene (Morgan and Micklethwait, 
J.C.S., 1910, 97, 2558). By the bisulphite 
reaction it furnishes 2 -amino-1 -naphthol. 

2:1 - Dianilinonaphthalene, obtained when 2:7- 
diliydroxynai)hthalene is heated with aniline 
and aniline hydrochloride at 140-180° (Durand 
and Huguenin, G.P. 40886; Annaheim, B.P. 
14283, 1886; Ber. 1887, 20, 1372), forms 
scales, m.p. 163-164°; its diacetyl derivative, 
small crystals, m.p. 197*5° (Clausius, ibid. 1890, 
23, 528). 

The o-tolyl, m.p. 106° ; p-tolyl, m.p. 236-237° ; 
and m-xylyl, m.p. 130°, derivatives have also 
been prepared (Durand and Huguenin, l.c.). 

Diaminoiqaphthalenesulphonio Acids. 

The methods by which sulphonic acids of the 
heteronuclcal diaminonaphthalenes can bo ob- 
tained do not lend themselves to generalisa- 
tion ; those for the production of homonucleal 
diaminonaphthalenesulphonic acids can be 
summarised : 

1. For 1:2- or l:4-diammonaphthalenc8ul- 
phonic acids : reduction of azo-dyes formed by 
coupling diazotised bases with the appropriate 
P- or a-naphthylamine-suli)honic acids {cf. Witt, 
ibid. 1888, 21, 3485 ; Reverdin and de la Harpe, 
ibid. 1892, 25, 1403 ; 1893, 26, 1281). 

When as may be the case with azo-dyes 
obtained by coupling with a-naphthylamine-3- 
or 5-sulphonic acid, a mixture of the 1:2- and 
l:4-diaminonaphthalonesulphonic acids is ob- 
tained, the ready solubility of the 1:2 derivative 
in sodium sulphite solution in the cold affords a 
convenient means for achieving their separation 
(Gattermann and Liobermann, Annalen, 1912, 
393, 206). 

2. For 1:3 - diaminonaphthalenesulphonic 
acids: interaction of a-naphthylamine- or a- 
naphthol-3-sulphonio acids with ammonia at 
high temperatures (Kalle, G.P. 89061 ; B.P. 
9103, 1895) (formulae on p. 328a). 

Diaminonaphthalenesulphonic acids have been 
used to a limited extent for the production of 
azo-dyes and their diaryl derivatives for the 
manidacture of wool dyes of the azine series. 

For A zo-dyes. — Diamin onaphthalenesidphonic 
acids yield azo-dyes, by coupling with di- 
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azotised bases if derived from the 1:6-, and 2:7- 
diamines. Like the base itself, l:6-diamino- 
i)aphthalene-3:7-disulphonic acid furnishes a 
tetrazo- compound which, when coupled, gives 
direct cotton dyes (Cassella, G.P. 62075 ; B.P. 
16346; 15347, 1890). 



1 :4-l)iaminonaphthaleiic8ulphonic acids do not 
couple with diazotised bases. By nitrous acid, 
they are usually oxidised, but azo-dyes can be 
made from them by employing the mono- 
acetyl derivatives in which the one amino- 
group can be diazotised and coupled before the 
other is deacetylated {cf. Cassella, G.P. 78831 ; 
79910 ; B.P. 15444, 1893). The 2-8nlphonic acid 
can be diazotised in acetic or oxalic acid solution, 
but only one amino-group is attacked until the 
product has been coupled with a naphthol, when 
the second becomes reactive, and by coupling 
furnishes substantive disazo-dyes for cotton 


(Levinstein, G.P. 102160; B.P. 2946, 17064, 
1896). 

l:8-Diamin(maphthalene8ulphonic acids form 
azimino derivatives with nitrous acid. They 
couple with diazotised bases forming azo-dyes, 
but a marked increase in fastness and purity of 
shade is obtained if instead of the diamino-aeids 
their acetone condensation products (dimethyldi- 
hydroperimidines) are used (Badische, G.P. 
121228; 122476; B.P. 12819, 1900), or if the 
azo-dyes, formed by coupling l:8-diamino- 
naphthalenesulphonic acids with diazotised 
bases, are converted into azimino derivatives 
(Cassella, G.P. 77425; B.P. 24714, 1893; G.P. 
139908; B.P. 26147, 1901; Bayer, G.P. 

222928; rf. Hochst, G.P. 143387; B.P. 953, 
1903). 

For Azines . — The sulphonic acids employed 
in the production of azine dyes are those derived 
from the diarjd-l:3-diaminonaphthalenes (Bayer, 
G.P. 78497; 77189; 80778; 86223; 86224; 
B.P. 8898; 11892, 1893), and from the diaryl- 
2:6- and diaryl-2:7-diaminonaphthalene8 (Leon- 
hardt, G.P. 64087 ; B.P. 3098, 1890). Of these 
the l:3-dianilinonaphthalene-8-8ulphonic acid 
is the most important. 

The sources and general characters of diamino- 
naphthaleiiesulphonic acids are summarised in 
the following tables, references to tluoreacence, 
usually green in colour, or non -fluorescence of 
solutions of the alkali salts being omitted. 


DiAMINONArHTIIALENEMONOSL’LrHONIO AciDS. 


Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 

N;N:S 

1:2:3 

Kcduction of azo derivatives of a-naphthyl- 
ainine-3-sulphonlc acid (Gattormann and 
Hchulze, Ber. 1897, 30, 54). 

Acidy HA, broad needles. 

Gives inten.se emerald-green coloration with 
ferric cliloride. 

1:2:4 

Eeduction of azo derivatives of a-naphthyl- 
amine-4-8iilphonlc acid (Witt, ibid. 1886, 19, 

1 720) ; or of Cooko Red (Friediander and 
Kielbasinski, ibid. 1896, 29, 1978). 

A cid, sparingly soluble needles. Is decomposed 
by nitrous acid and does not coiii)l(!. 

Acetyl derivative converted into ethmyl-com- 
pound by mineral acids or beat (Lange, G.P. 
57942). 

1:2:5 

Reduction of azo derivatives of a-naplithyl- 
ainine-5-sulphonic acid (Gattermann and 
8chulzc, ibid. 1897, 30, 53, Vorontsov, Amor. 
Ciiein. Abstr. 1940, 2360) or of fl-naphthyl- 
nraine-5-sulphonic acid (Witt, B&. 1888, 21, 
3480). 

Acid, HA, sparingly solublt^ leaflets. Is decom- 
posed l>y nitrous a<nd and docs not couple 
with diazotised bases. 

J:2:6 

Reduction of azo derivatives of fl-naphthyl- 
aminc-6-sulphonic acid (Witt, ibid. 1888, 21, 
3484). 

Acid, sparingly soluble needles ; sodium salt, 
scales. Is decomposed by nitrous acid and 
does not couple witii diazotised bases. 

1:2:7 

Reduction of azo derivatives of j3-nai>hthyl- 
aminc-7-sulphonic acid (Witt, ibid. 1888, 21, 
3485). 

Acid, grey powder. Is decomposed by nitrous 
acid and does not couple with diazotised 
bases. 

1:3:5 

a-Naphthol-3:5-diHulphonic acid heated with 
ammonia under pressure at 175° (Ralle, G.P. 
94076). 

Add, readily soluble. 

Couples witli diazotised bases. 

For diaryl derivatives, c/. Bayer, G.P. 77866 ; 
78854; B.P. 16780 ; 19623,3893. 

1:3:6 

a-Naphthylamine- or a'naphthol-3:6-disul- 
phonic acid heated with ammonia under 
pressure at 160-180° (Kalle, G.P. 89061 ; 
94075; B.P. 9108, 1896; Friediander and 
Taussig, Ber. 1897, 30, 1462). 

AcAd, sparingly, sodium salt readily, soluble. 
Forms yellow dfi«zo-corapound. 

Couples with diazotised bases. 

For diaryl derivatives, c/. Bayer, G.P. 76414 ; 
77866 ; 78864 ; B.P. 8898 ; 16780 ; 19623, 
1893). 

1:3:7 

a-Naphthylamine- or a-naphthol-3:7-disul- 
phonic acid heated with ammonia under 
pressure at 160-180° (KaUe, G.P. 89061 ; 
B.P. 9103, 1895). 

Acid, very sparingly soluble needles. 

Gives reddish-brown, coloration with ferric 
chloride. 

For diaryl derivatives, cf. Bayer, l.c. 

1:8:8 

a-Naphthylamlne- or a-naphthol-3:8-disul- 
phonic acid heated with ammonia under 
pressure at 160-180° (Kalle, G.P. 89061 ; 
B.P. 9103, 1896). 

Acid, very sparingly soluble. 

Gives reddish-brown coloration with ferric 
chloride. 

For diaryl derivatives, cf. Bayer, l.c. 
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Constitu- 

tion. 

Preparation. 

N:N:S 

1:4:2 

(1) Reduction of azo d(;rivatives of a-naphthyl- 
aminc-2-Hulphonic acid (Levinstein, G.P.a. 
5939 ; B.P. 2916, 1890 ; Oesterrelcli, cf. 
J.S.C.I. 1898, 17, 836). 

(2) Action of sodium bisulphite 011 [a-]naphtha- 
quinoiiechlorimide (Fricdllinder and Itein- 
hardt, Bcr. 1894, 27, 239). 

1:4:5 

Reduction of 4-nitio-a-napht.hylaminc-5-8ul- 
phonic acid (Bayer, G.P. J 33951 ; Levin- 
stein, B.P. '13178, 1899). 

1:4:6 

(1) Sulphonation of acetyl-l:4-diamiiionap]»- 
thalenc wdth 20% anhydro-acid at 25-50“ 
and subsequent cleacetylation (Dahl, G.P. 
66354 ; Ammolburg, J. pr. Chem. 1893, fii], 
48, 286). 

(2) Reduction of azo derivatives of a-naphthyl- 
amine-6- or 7-suli>honic acid (Lcviii.stcin, 
B.P. 12119, 1898 ; Cas.sella, G.P. UC922). 

(3) As the mixed J- and 4-ae(;tyl derivativt's 
by nitrating a mixture of acctylatetl a-naph- 
thylamiue-6- and 7-sulph{)ui(* acids and after 
salting out reducing the product (Cassella, 
G.P. 74177 ; B.P. 15444, 1893). 

1:5:2 

(1) Reduetion of 5-iiitro-a-naphthylamine-2- 
sulphoiiie acid ((%ssclla, G.P. 70890 : Fricd- 
landerand Ki<dbasinski, Ber. 1896,29, 1983). 

(2) Sulphonation of l:5-diaminonaphthalene 
sulphate with 5% anhydro-acid at 100'" 
(Bucheror and Uhlmaim, J. pr. Gticm. ]i>09, 
[ii], 80, 213). 

1:5:3 

Nitration and reduction of a-iiitronaphthalcne- 
7-sulphonic acid (Cassella, G.P. 85058), or, 
mixed with l:8:3-acid, of naphthalene-)?- 
sulphoriic acid (Cassella, G.P. 67017; B.P. 
0972, 1801). 

1:5:4 

(1) Reduction and deacctylation of 5-nitroacet- 
a-naphthalidc-4-sulphonic acid (Nietzki and 
Ziibclen, Bor. 1889, 22, 451 ; Buchen'T and 
Uhlmanu, J. pr. Chem. 1909, fli|,80, 255). 

(2) From 1:5 - dlliydroxynaphthalenc - 4 - sul - 
phonic acid heated with ammonium bisul- 
phite solution and ammonia (Buch(3rcr and 
uhlmann, l.c.). 

1:6:4 

l-Amino-6-naphthol-4-8uli)honic acid heated 
with ammonia under pressure' at 170-180' 
(Dahl, G.P. 65834 ; 71157; B.P. 4 IK), 1892 ; 
Friedlander and Kielbasinski, Ber. 1896, 29, 
1979). 

1:8:3 

Nitration and reduction of a-nitronaphthalenc- 
O-sulphonic acid (Ca.ssella, <x.P. 85958), or, 
mixed with l:5:3-acid, of naphthalene-fl-sul- 
phonic acid (Cassella, G.P. 67017 ; B.P. 
6972, 1891). 

1:8:4 

(1) Reduction of ];8-dhutronaphthaIeiic-4-sul- ■ 
yjhonic acid (Cassella, G.P. 70019 ; B.P, 
4613, 1893). 

(2) Acid sulphate of 1 :8-diamlnonaphthaIcno 
“ baked ” above 100” in a vacuum (Bayer, 
G.P. 216076 ; B.P. 6831, 1909). 

2:3:6 

2:3-Dihydroxynaphthaleno-6-8ulphoiiic acid or 
2-amlno-3-naphth()l-6-8ulphonic acid, heated 
with ammonia under pressure at 150-220” 
(Aktienges., G.P.a. 3676 ; B.P. 8381, 1894 ; 
Oesterreich, cf. J.S.C.I. 1898, 17, 836). 

2:6:4 

Reduction of 6-nitro-)8-naphthylainlne-8-sul- 
phonic acid (Friedlftnder and Lucht, Ber. 
1893, 26, 3033). 


Acids, salts, and reactions. 


Arid, very sparingly soluble. 

(iives dark green coloration with ferric chloride. 

In acetic acid solution forms di azo-compound 
with nitrous acid (1 mol.), convertible into 
a-naj)htJiylamine-Z-mlvhonic acid, and by 
coupling into azo-dyes in which the second 
amino-group can be diazotised and coupled 
to furnish disazo-dycA (Levinstein, l.c. ; G.P. 
102160), 

Acid, greyish needles, rapidly oxidised in 
alkaline solution. 


Acid, very sparingly soluble. With nitrous 
acid or ferric chloride forms [a-]-naphtha- 
quinone (Dahl, l.c.)- 

Formyl c\cv\vfxi\vc (Gacss, G.P. 138030; 138031 ; 
li.P. 3152 ; 8195, 1902). 

Acetyl derivative (Dahl, l.c. ; cj. Bayer, G.P. 
109609) ; acid, HA, ni^edles, and lead salt, 
PbA? 1 I4H2O, very sparingly, but zinc, 
ZnA2 -I-34H2O, needles, barium, BaA2 + 7H20, 
Hat prisms, and potassium salt, KA, needles, 
easily soluble (ATninelbiirg, l.c.). 

Gives brilliant blue coloration with ferric 
chloride and is diazotised by nitrous acid. 

Acid, sparingly soluble small needles; sodium 
salt readily ; barium salt, BaA2, sparingly 
soluble. 

Forms an easily soluble yellow tctrazo-com- 
pound. 

Couples with 1 mol. or 2 mol. of a diazotised 
base. 

Acid, sparingly, salts readily soluble ; hydro- 
chloride, prisms. 

Forms a tctrazo-compound. 


Acid, very sparingly soluble. 
Forms a icin/zo-coinpound. 
Couph‘s with diazotised bases. 


Acid, very sparingly soluble needh'S : barium, 
and sodium, NaA+l4H20, salts flat prisms 
moderately K(duble. 

Forms a <rtrazo-comi)ourid w'hi<di dcicompo.ses 
at 0° into a diazomiphtholmiphonic acid. 

Couples with diazotised bases. 

Acid, sparingly soluble needles ; alkali salts 
readily soluble ; hydrochloride needles. 

Forms an azimiuo derivative. 

Couples with 1 mol. or 2 mol. of diazotised 
bases. 

Acid, almost insoluble ; sodium salt readily 
solublt! : hydrochloride, and sulphate crystal- 
lise well. 

Forms an azimino derivative (cf. Cassclla, 
G.P. 77425 ; B.P. 24714, 1893). 

Couples with 1 mol. or 2 mol. of diazotised 
bases. 

Acid, sparingly soluble ; sodium salt leaflets, 
showing blue fluorescence in solution ; 
barium salt, BaA2. 

Gives brown coloration with ferric chloride. 

Forms an azimino derivative. 

Couples with 1 raol. of diazotised bases (Oestcr- 
rcich, l.c.) but with 2 mol. of diazotised p- 
ultraniline (Atkienges., G.P. 84461). 

Acid, sparingly soluble flat prisms. 

Gives emerald -green coloration with ferric 
chloride (Jaccnia, Annalcn, 1002, 323, 130). 




330 NAPHTHALENE. 


Diaminonaphthalekedisulphonio Acids . 


Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 

N:N:S;S 

1:2;3:6 

Reduction of azo derivatives of a-naphtliyl- 
amlne-3:6-disiiIphonic acid (Witt, Ber. 1888, 
21, 3487). 

Acid, sparingly soluble ; acid sodium salt, 
NaHA, needles. 

Gives emerald-green coloration with ferric 
chloride. 

Decomposed by nitrous acid. Does not couple 
in acid solution (Cassella, G.P. 72584). 

1;2:3:8 i 

Reduction of azo derivatives of a-naphthyl- ! 
aniiae-3:8-disulphonic acid (Bernthsen, ibid. 
1890, 23, 3094). 

Acid sodium salt, NaH,A-f 3 H 20 , needles. 
Anhydride (sultam), C:ioH 805 N 2 S 2 4 - 2 H 20 i 
sparingly soluble long needles. 

1:3:(5):7 

a-NaphthoI-3:5:7-trisulphonic acid heated with 
ammonia and ammonium chloride under 
pressure at 160-180° (Kalle, G.P. 90906 ; 
B.P, 9103, 1895). 

Acid, very sparingly soluble needles. 

Gives yellowish-red coloration witli ferric 
chloride, and brown with nitrons acid. 
Couples with diazotised bases. 

1:3:0:8 

a-Naphthol- or a-naphthylamine-3:6:8-trisul- 
phonic acid heated with ammonia and am- 
monium chloride at 160-180° (Kalle, G.P. 
90905 ; B.P. 9103, 1895). 

Acid, sparingly soluble leaflets. 

Gives intense green cfiloration with ferric 
chloride and brown with nitrous acid. 

Couples witii diazotised bases. 

For diaryl derivatives, cf. Bayer, G.P. 77866 ; 
78854 ; B.P. 16780 ; 19623, 1893. 

1:5:3:7 

Reduction of l; 5 -dinitronaphthalene- 3 : 7 -di 3 ul- 
phonic acid (Cassella, G.P. 61174 ; B.P. 
15346, 1890 c/. Oehler, G.P.a. 1430; Bayer, 
G.P. 126198. 

Acid, very sparingly soluble leaflets ; sodium 
and barium salts sparingly soluble. 

Forms an insoluble ie^mzo-compound (cf. 

Cassella, G.P. 62075 ; B.P. 15346, 1890), 
Couples with diazotised bases. 

1:5:4:(8) 

l:5-T>lnitronaphthalc*ne heated with sodium bi- 
sulphite solution In a reflux apparatus or 
under pressure ( t'ischesser, G.P. 79577 ; B.P. 
13156, 1894). 

Acid, readily .soluble; acid barium salt, 
Ba(HA) 2 - 4 - IOH 2 O, moderately soluble. 

Gives a reddish- blue coloration with ferric 
chlorid(i. 

Forms a fg^razo- compound, and couples. 

1;6:3;8 

Reduction of l:6-dlnitronaphthalene-3:8-disul- 
phonic acid (Friedliinder and Kielbasinski, 
Ber. 1896, 29, 1982 ; cf. ibid., p. 2574). 

Acid, sparingly soluble ; sodium salt, Na 2 A, 
easily soluble needles, showing violet fluores- 
cence in solution. 

Couples with diazotised bases. 

1:6:4:8 

Reduction of l:6-dinitrouaphthalene-4:8-disul- 
phonic acid (Kalle, G.P. 72065 ; Friedliinder 
and Kielbasinski, ibid. 1896, 29, 1980 ; cf. 
ibid., p. 2574). 

Acid, sparingly soluble. 

(lives cherry-red coloration with ferric chloride. 
Fonns a sparingly soluble compound. 

Couples with diazotised bases. 

1:8;(2):5 

l:8-Diamlnonaphthalene-4-sulphonic acid sul- 
phonated with 8 % anhydro-acld at 80° 
(Cassella, G.P. 72584). 

Acid and sodium salt readily soluble. 

Forms an azimino derivative. 

Couples readily with 1 mol,, less readily with 

2 mol., of fjiazotised bases. 

1;8;3:« 

Reduction of l;8-dinitronaphthalene-3:6-di8ul- 
phonic acid (Cassella, G.P. 67062 ; B.P. 
1742, 1891 ; Bayer, G.P. 69190 ; B.P. 11522, 
1892). 

Acid potassium salt, KHA-I- 3 H 20 , needles, 
acid barium salt, Ba(HA )2 + 6 H 20 , sparingly 
soluble needles. 

Gives reddish-brown coloration with ferric 
chloride. 

Forms an azimino derivative (Cassella, G.P. 
69963). 

Couples with diazotised bases. 

2:3:6:8 

2 - Amino - 3 - naphthol - 6:8 - disulphonic acid 
heated with 30% ammonia under pressure 
at 185-190° (Aktienges., G.P. 86448 ; B.P. 
8645, 1895). 

Acid, sparingly soluble needles, sodium salt, 
readily soluble. 

2 : 6 :?:?: 

2 : 6 - DIhydroxynaphthaleucdisulphonic acid 
heated with ammonia and ammonium chlo- 
ride under pressure at 200° (Jacchia, Armalen, 
1902, 323, 131). 

Acid, H 2 A-f 4iH20, leaflets. 

2:7:3:6 

2 : 7-Dihy droxynaphtlial cne- 3 : 6 -disulphon ic acid 
heated with ammonia under pressure at 200 - 
220° (Aktienges., G.P.a. 3686; B.P. 3844, 
1894). 

Acid, sparingly, sodium salt, readily soluble. 
Gives faint brown coloration witli ferric 
chloride. 

Forms a sparingly soluble tetrazo-compomid. 
Couples with diazotised bases. 


1:8 - Diaminonaphthalene - 2:4:5 - trisul - NagH AH- 2 H 20 , is readily soluble, but the acid 
phonic Acid is obtained when l:8“dinitronaph- barium salt, BaHA-f2H20, only sparingly 
thalene is heated with sodium bisulphite solu- soluble. The coloration with ferric chloride is 
tion (Fischesser & Co. ; G.P. 79577 ; B.P. yellowish-brown. It forms an azimino deriva- 
13156,1894; Bucherer and Barsch, J. pr. Chem. tive, and couples with 1 mol. of a diazotised 
1925, [iij, 111, 313). The acid sodium salt, base. 
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T H r AM INON APHTH ALENES. 

(i) l:2:6-Trlaminonaphthalene, obtained 
by reduction of 1 cb-dinitro-jS-naphthylamine {cf. 
Kehrinann and Matis, lior. 1898, 31 , 2419), 
forms a triarptyl derivative, needles, m.p. 280*^, 
and gives tbe reaeiions of an o-diamino (Loewe, 
ibid. 1890, 23 , 2544). 

(ii) l:3:()-TriaminonaphthaIene, obtained 
by heating 1 :()-di}iydrox\'naphthalene-3-sul- 
phonie acid with ammonia and ammonium 
chloride under pressure at 100-180”, is easily, 
but its sulphate only sparingly soluble. Its 
solution is c'oloured deep bi‘o wn by nitrous acid 
(Kalle, G.P. HilOOl ; B.P. 9103, 1895). 

(iii) l:3:7-Triaminonaphthalene, obtained 
by heating 1:7 - dihydroxynaphthalenc - 3 - sul - 
phoni(’ acid or 2-amino-0-naphthol-8-sulphonic 
acid with ammonia and ammonium chloride at 
100-180”, is t'asily solubh^ and in solution gives 
a deep brown coloration with nitrous acid, but 
bluish-violet with h'rri(i chloride. The sulphate 
is only sparingly solubhi (Kalle, G.P. 90905; 
B.P. 9103, 1895)'. 

(iv) and (v) 1:2:5- and l:-l:8-Triaminonaph- 
thalenes, have been obtained from the 1:5- 
and l:8-diamin{‘S by couplirig with diazotoluene 
and reducing the respective dyes (f'inzi, J.G.8. 
1925, 128 , i,'70l). 

(vi) ]:3:4-Triami nonaphthalene forms a 
triac(dyl d('rivative, m.p. 301° (Panizzon-Favre, 
Gazzetta, 1924, 54, 820). 

NAPHTllOLS. 

The common geiuTal method of preparation 
of the riaphthols and naphtholsulphonic acids, 
on the large scale, is by fusion (d' the appropriate 
naphthalenesulphonic acid with caustic alkali. 
Other methods are from the corresponding 
naphthylamines, by hydrolysis with dilute acid 
at high temperatures, by the bisulphite reaction 
{see p. 273c), or through the diazo-compoun<l. 

Hydro xynaphthalenes resemble the hydroxy- 
benzenea in chemical behaviour but the hydroxyl 
group is more reactive. Thus, the naphthols are 
readily converted into naphthylamines by heat- 
ing with ammonia under pressure (Badische, 
G.P. 14012; B.P. 2510, 1880), into alkyl others 
by heating with alcohol and sulphuric acid 
(Gattermann, Annalcri, 1888, 244 , 72), and into 
naphthyl ethers by boiling with dilute sulphuric 
acid (Graebe, Ber. 1880, 13 , 1850). This re- 
activity is reduced, and the resemblance become 
more complete, on hydrogenation of the non- 
substituted ring (Bamberger, Annalen, 1890, 
257 , 10; see ar-tetrahydronaphthols, p. 4226). 

a-Naphthol. 

a-Naphthol, or l-hydroxynaphthalene, occurs 
in very small amount in coal-tar fractions of 
high boiling-point (Schulze, ibid. 1885, 227 , 
150). It may be prepared from a-ehloronaph- 
thalciie by digestion with aqueous (10%) caustic 
soda at temperatures up to 400° in the absence 
of catalysts (in the presence of active copper 
catalysts mixed naphthols are obtained) (Dow 
Chem. Co., U.S.P. 1996744 ; Meyer and Bergius, 
Ber. 1914, 47 , 3159) ; or, in better yield, by 
digestion with caustic soda and methyl alcohol 
at 210° (Chem. Werke. Ichendorf, G.P. 281175 ) ; 
or from a-bromonaphthalene in 90-92% yield 
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by heating with aqueous caustic soda at 180 
250° under pressure with a copper catalyst. 

Preparation. — It is manufactured from a- 
naphthylamino by heating with diluted sulphuric 
acid to 200° under pressure in a lead-lined auto- 
clave, yield 94-95% theory (Hochst, G.P. 74879 ; 
B.P. 14301, 1892; Voroschcov and Gutorko, 
J. Gen. Chom, Russ. 1935, 5 , 1518; A. 1936, 
720), or from naphthalcne-a-sulphonic acid by 
fusion with caustic soda at 275-310° (f.»evm8tein, 
B.P. 2300, 1883; Nat. Aniline and Chem. Co. 

l nc. U.S.P. 1949243; 1962137; 2025197). 

The former method gives a product entirely 
free from )3-naphthol. 

Properties. — a-Naphthol crystallises in lus- 
trous, monoclinic flat prisms (cf. Steinmestz, 
Z. Kryst. Min. 1910, 55 , 373), m.p. 95-8-96 0° ; 
b.p. 288-0 1°/760 mm. (Berliner, May and Linch, 
J. Amer. Chem. Soc. 1927, 49 , 1012), 1-224 

(Schroder, Ber. 1879, 12 , 1613). It is very 
sparingly soluble in hot water. It dissolves 
readily in organic solvents and in aqueous caustic 
alkali solutions. It has a phenolic odour and is 
readily volatile in steam. The sodium salt, 
scales, has m.p. 44-45° (Meldrum aud Patel, 
J. iTulian Chem. Soc. 1928, 5 , 91 ; Konig, G.P. 
210590). 

Reaciions. — a-Naphthol couples wdth diazotised 
bases forming pam-azo-dyes. In alcoholic solu- 
tion, with benzenediazonium chloride, it is said 
to give a mixture of the ortho- and pora-cora- 
pounds, of which the former is insoluble in 4% 
causti(; soda solution (Charrier and Casale, Atti. 
R. Accad. Sci. Torino, 1914, 49 , 477). With 
nitrous acid in aqueous solution it gives a mix- 
ture of chiefly 2- with some 4-nitroso-a-naphthol 
(see Naphthaquinoneoximos, p. 385a) ; in ethereal 
solution the product is the same as that obtained 
on nitration, 2A-dinitro-a-naphthol. Chlorina- 
tion with sulifliuryl chloride gives i-chloro-a- 
naphthol, with chlorine 2A-dichloro-a-naphikol. 
On sulphonation, a-naphthol-mono-, di-, and tri- 
sulphonic acids are obtained. 

Oxidised with nitric acid, or with permanga- 
nate in acid solution, it gives phthalic acid ; with 
permanganate in alkaline solution phihalonic 
acid (Henriques, Ber. 1888, 21 , 1608); with 
aqueous ferric chloride at 70-80° a mixture 
of 4:4:' -dihydroxy-l:V -dinaphthyl and l:U-fh’- 
hydroxy -2:2' -dinaphthyl (Joffe and Kristchevtov, 
J. Gen. Chem. Russ., 1939, 9 , 1136; A. 1939, 
II, 544) ; with peracetic acid in acetic acid 
below 40° o-carboxyn\\ocinnamic acidy {a-]naph- 
ihxaquinone and a hydroxyqninone (Boesekin and 
von Konigsfoldt, Rec. trav. chim. 1935, 54 , 313). 
It is deoxygenated by the action of hydrogen 
under high pressure at elevated temperature in 
presence of ammonium molybdate and sulphur 
giving naphthalenCy etc. (Hall, Fuel, 1933, 12 , 
419). Heated under pressure with ammonia, 
acetamide, or aniline, a-tuiphthylaminey or its 
acetyl or phenyl derivative respectively, is 
obtained. The dried sodium derivative, heated 
with carbon dioxide under pressure, yields 1- 
hydroxy-2-naphthoic acid. a-Napthol heated in 
alcoholic solution with carbon tetrachloride, 
acid binders, and a suitable catalyst, gives 
a-naphthol-2:4-dicarboxylic acid (Soc. Chom. 

l nd. in Basle, G.P. 373737). The condensation 
product with dimethylolcarbamide gives, on 
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hydrolysis with boiling hydrochloric acid, afi- 
di(\ -hydroxy •2-naphthyl) ethane (Be Diesbach, 
Wanger, and Stockalper, Helv. Chim. Acta, 
14, 355). Boiled in air, or distilled with 
litharge, it gives a-dinaphthylene oxide (Graebe, 
et al.f Annalen, 1881, 209, 134). 

a-Naphthol gives molecular compounds having 
fungicidal properties with l-chloro-2:4-dinitro- 
benzene, yellow needles, m.p. 105° ; trinitro- 
benzene, orange crystals, m.p. 198°; 2:4-di- 
nitrotoluene, yellow crystals, m.p. 98° (Buehler, 
Hisey, and Wood, J. Amer. Chem. Soc. 1930, 
52, 1939; I.G., G.P. 402151 ; Hertel, Annalen, 
1927, 451, 179). 

Colour Reactions. — In aqueous solution hypo- 
chlorite gives first a dark violet solution and then 
a flocculuent j^recipitate (see Ekkert, Pharm. 
Zentr. 1930, 71, 433) ; ferric chloride gives a 
milky opalescence changing to a violet flocculent 
precipitate of the dinaphthol. Like jS-naphthol 
it develops a Prussian- blue coloration with 
chloroform and caustic potash solution, but, un- 
like jff-naphthol, it gives a deep violet turbid 
liquid when mixed in aqueous solution with 
sodium hypoiodite, and an intense green colora- 
tion, changing to reddish-violet on addition of 
acetic acid, when shaken in small amount (()-()l~ 
0-02 g.) with 2-3 c.c. of titanyl sulphate solution 
(Denig^s, Ann. Chim. Analyt., 1910, 21, 210). 

Tests. — Commercial a-naphthol is a light grey 
crystalline powder, crystallising point above 
91*5°, containing not more than 0-1% of material 
insoluble in aqueous caustic soda. It may l)e 
distinguished from ^-naphthol by the violet 
coloration which it gives on addition of a trace 
of copper salt to a neutral or faintly acid solution 
(Aloy and Valdigui^, Bull. Soc, chim. 1922, fiv], 
81, 1170). For other tests, qualitative and 
quantitative, see Callan, J.S.C.I. 1925, 44, 125t. 

jS-Naphthol to the extent of 15-20% may be 
removed from crude a-naphthol as an insoluble 
calcium compound (Penn. Coal Prod. Co., U.S.P. 
1717009). 

Estimation. — The picrate, m.p, 189-190°, 
almost insoluble in water, may be employed 
(Kiister, Ber. 1894, 27, 1104). 

a-Naphthyl Methyl Ether is i)repared by 
heating a-naphthol (5 parts) with absolute 
methyl alcohol (5 parts) and sulphuric acid 
(2 part-s) at 140° under reflux (Gattermann, 
Annalen, 1888, 244, 72). It is an oil with an 
orange-like odour, volatile in steam, b.p, 269°, 
p 15° 1-0974. It forms equimolecular double 
compounds with dinitro-compounds such as m- 
dinitrobenzeno {see A. 1939, 11, 544). 

a-Naphthyl Ethyl Ether is prepared in the 
same way as the methyl ether (Gattermann, l.c.). 
It has a peculiar odour, m.p. 5-5°, b.p. 276°, and 
is volatile in steam. Condensed with formalde- 
hyde, in presence of acidic catalyst, it gives a 
resinous material (Hochst, G.P. 403645). 

Reactions. — Like other a-naphthyl ethers, it 
couples with diazotised bases containing p- or 
o-^-negative radicals, e.g., diazotised 2;4-dini- 
troaniline, forming azo-dyes (Meyer, Irschick, 
and SohlSsser, Ber. 1914, 47, 1750). On sul- 
phonation it yields l-ethoxynaphthalerieA-sul- 
phouic acid from which, by nitration, 2:4- 
dinitro- a-naphthol f 4-nitro-a-naphihyl ethyl ether, 
and 2-nitro-l-ethoxynaphthalene-4t-^phonic acid 


are formed (Witt and Schneider, ibid. 1901, 84, 
3173). 

a-Naphthyl Phenyl Ether, m.p. 55-56°, is 
obtained by heating a solution of sodium a- 
naphthoxide in a-naphthol with chlorobenzene 
at 200-220° under pressure (Fritzsche, B.P. 
9797, 1913). 

Other ethers, including a-naphthyl p- 
hydroxyethyl ether are described by Kimer and 
Richter, J. Amer. Chem. Soc. 1929, 51, 3409. 
Naphthyl ethers may be identified as picrates 
(Dermerand Dermer, J. Org. Chem. 1938, 8, 289). 

aa'-Di naphthyl Carbonate, prepared by 
the interaction of phosgene and sodium a- 
naphthoxide, is a crystalline powder, m.p. 129- 
130°, convertible into a-naphthol-4-sulphonic 
aedd or a mixture of a-naphthol-i:\iS- and -4:7- 
diaidphonic acids by sulphonation (Reverdin, 
Ber. 1894, 27, 3459; Hochst, B.P. 14134-5, 
1894). 

aa'-Dinaphthyl Sulphite, m.p. 92-93°, is 
obtained by heating a-naphthol in carbon disul- 
phide solution with thionyl chloride in the 
presence of pyridine (Badische, G.P. 303033). 

a- Naphthyl Acetate, prepared by heating 
a-naphthol with acetic acid at 200° (Graebe, 
Annalen, 1881, 209, 151), broad needles or tables, 
m.p. 49°, is hydrolysed by boiling water, gives 
{a-]nuj)hthaqui7ione on oxidation with chromic 
acid in acetic acid solution, and a mixture of 
l-hydroxy-4- and -2-naphthyl methyl ketones 
when treated with aluminium chloride (Lederer, 
J. pr. Chem. 1932, [ii], 135, 19). 

a-NACHTHOLSUnPIlONIO AciDS. 

The general methods of preparation are : 

1. Sulphonation of a-naphthol; 

2. Exchange of the amino-group in a-naph- 

thylaminesulphonic acids for hydroxyl 
by the diazo-reaction, or by the bisul- 
phite reaction, or by interaction with 
water at a high temperature ; 

3. Exchange of chlorine in a-chloronaphtha- 

lenesulphonic acids for hydroxyl by 
fusion with caustic alkali ; 

4. Exchange of one sulphonic group in naph- 

thalenepolysulphonic acids for hydroxyl 
by fusion with caustic alkali. 

Other methods of less importance, or more 
limited application, are : 

(a) Partial hydrolysis of a-naphtholpolysul- 
phonic acids by interaction, either with 
dilute acids at a high temperature, or 
with sodium amalgam in the cold ; 

(5) The change which sodium a-naphthol-4- 
sulphonate and -2:4-disulphonate under- 
go when heated at 170° : 


OH OH 
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The a-naphtholsulphonio acids and their salts 
are more soluble than the a-naphthylaminesul- 
phonic acids. They are less easy to recognise 
in, or to isolate from, mixtures containing them 
than the former. The acids have been identified 
by their salts (e.gr., zinc salts) or through the 
o - carbethoxy - a - naphiholsulphonyl chlorides 


OH 



\ 


OH OH 



The last tlireo acids are formed by partial 
hydrolysis of the trisulphonic acid by relatively 
dilute acid at the highest temperature employed 
in the sulphonations. The 3-, 6-, and S-positions 
are not filled by direct action of sulphuric acid 
on a-naphthol or any a-naphtholsulphonic acids. 
The same is true of the action of chlorosulphonic 
acid (Poliak, Gebauer-Fulnegg and Bluraen- 
stock- Hal ward, ibid. 1928, 49, 187 ; ibid. 1929, 
53-54, 100 ; Gebauer-Fulnegg and Haemmerle, 
J. Amer. Chem. Soc. 1931, 53, 2648; c/. Kalle, 
G.P. 343056). 

a-Naphtholsulphonic acids, with a sulphonic 
group in the 3 -position, by interaction with 
ammonia, give l:3-diaminonaphthalene deriva- 
tives ; those with the sulphonic group in the 
3-, 4-, or 5-po8ition couple to give ortho-azo 
dyes ; those with the sulphonic group in the 
8-position give pm-anhydrides. 

a-NAPHTHOLMONOSULPHONIO AciDS. 

In every case where the constitution of an a- 
naphtholsulphonic acid is given, the hydroxyl 
radical is supposed to be in position “ 1.” The 
technically important a-naphtholmonosulphonic 
acids are the 4- and S-isomers. 

(i) a-Naphthol-2-sulphonic Acid is never 
a sole product of sulphonation of a-naphthol, 
much 4-mono- and 2:4-di8ulphonic acids being 
present (Conrad and Fischer, Annalen, 1893, 
278, 109; Bender, Ber. 1889, 22, 999). If a- 
naphthol is heated only for a short time with 
an equal weight of sulphuric acid at 60-70®, so 
that sulphonation is incomplete, a yield of 50% 
is obtained ; the acid can 1^ separated as potas- 
sium salt by addition of potassium chloride to 
the sulphonation mass ^ghtly diluted with 
water (Friedlfinder and Taussig, ibid. 1897, 80, 
1457). Holdemann tried mercurous sulphate as 
a catalyst in the reaction without effect on the 
proportion of 2-8ulphonic acid formed {ibid. 
1906, 89 , 1255). 


(Gebauer-Fulnegg and Gliickmaim, Monatsh, 
1929, 53-^, 100), by means of nitrous acid 
(forming o- or p-nitroso derivatives), nitric acid 
(producing Naphthol Yellows), or by coupling 
with various diazonium compounds. 

The products of the action of sulphuric acid 
on a-naphthol are as follows : 


OH 



\ 

OH OH 



Poliak, Gebauer-Fulnegg and Bhimenstock- 
Halward (Lc.) report that the 2-sulphonic acid 
is produced by the action of 2 parts of chloro- 
sulphonic acid on 1 part of a-naphthol in the 
cold. 

Preparation. — It may be prepared either from 
a-naphthol by Friedlander and Taussig’s 
method {l.c.), or from a a-naphthylamine-2- 
sulphonic acid by the diazo- reaction (Cleve, ibid. 
1891, 24, 3476) ; or its sodium salt may bo 
obtained in 70-80% yield by heating sodium a- 
naphthol - 4 - sulphonate or - 2:4 - diaulphonate, 
mixed with twice its weight of naphthalene or 
paraffin, during 3-4 hours at 160-170® (Bayer, 
G.P. 237396; B.P. 2355, 1911). 

Salts. — The acAd forms small rhombic prisms, 
and differs from its isomers in being sparingly 
soluble in dilute mineral acids. The lead 
salt, PbAg+HgO, scales; barium salt, 
BaAj+l^HgO, needles ; and calcium salt, 
CaAg-f HgO (?), scales, are sparingly soluble 
(Cleve, l.c.) ; the potassium salt, KA-f JHjO, 
prisms, is soluble in 37 parts of water at 18®, 
but almost insoluble in saturated potassium 
chloride solution (Conrad and Fischer, l.c.). 

Beactions. — With nitrous acid in the cold it 
forms 4 - niiroso - a - naphthol - 2 - sulphonic acid, 
which does not give a Naphthol Green with iron 
salts. With nitric acid it yields 2:4:-dinitro-a- 
naphthol. On sulphonation it gives, first a- 
naphthol-2A-di8idphonic acid, thereafter as 
shown in the diagram above. 

The acetyl derivative is convertible into the 
sulphonyl chloride, m.p. 87*5° (Anschiitz and 
Maxim, Annalen, 1918, 415, 92 ; Gesollsch., 
B.P. 232620). 

(ii) a-Naphthol-3-sulphonic Acid is ob- 
tained by fusing naphthalene- l:3-disulphonic 
acid with caustic alkali at 200-220° (Badische, 
G.P. 57910 ; B.P. 9537, 1890) ; or by boiling 
diazotised o-naphthylamine-S-sulphonio acid 
with 10% sulphuric acid (Gattermann and 



334 


NAPHTHALENE. 


Schulze, Ber. 1897, 30, 64), or diazotised 2- 
amino-8-naphthol-6-sulphoiiic acid with alcohol 
(Badische, Lc. ; Friedlander and Taussig, ibid. 
1897, 80, 1458) ; or by reduction of a-naphthol- 
3:8-disulphonic acid with sodium amalgam, or 
electrolytically (Bayer, G.P. 255724 ; B.P. 
28172-3, 1911; G.P. 248527 ; 251094). 

^alts. — The zinc salt, ZnAg+S^HgO, forms 
long needles and, like the barium salt, is easily 
soluble in water (Friedlander and Taussig, Lc.). 

Jieactions. — With diazotised aniline, o-nitro- 
aniline andp-nitroaniline, it couples respectively, 
in the ortho, in the or in both the ortho- 

and the jpam-positions (Gattcuinann and 
Schulze, Lc. ; Gattcrmann and Liebermaiin, 
Armalen, 1912, 393, 214). Heated with am- 
monia, under pressure, at 100-180° it gives 1:3- 
diaminonaphthalene, and with aniline and its 
hydrochloride, at 150-170°, lili-dianilinonajdi- 
thalene. By digestion with 00% caustic soda at 
180° it gives o-ioluic acid (Kalle, G.P. 79028; 
B.P. 16559, 1894). 

(iii) a-Naphlhol-4-sulphonic Acid (Ne\ih‘ 
and Winther’s acid), is one of the products of 
sulphonation of a-naphthol (for its isolation, see 
Friedlander and Taussig, Bcr. 1897, 30, 1458). 
It was obtained by Nevile and Winther (J.C.8. 
1880, 37, 632) by boiling the diazo-compound 
from a-naphthylamine-4-8ulphonic acid with 
10% sulphuric acid. 

Freparation. — By heating the sodium salt of 
a-naphthylamine-4-8ulphonic acid with 50% i 
caustic soda solution under pressure at 240- 
260°, and boiling the solution of the product in 
water to expel ammonia (Aktienges., G.P. 
46307) ; or pure, and in almost quantitative 
yield, from naphthionic acid by interaction with 
sodium bisulphite to give the sulphurous ester 
and hydrolysing the product (Bayer, G.P. 
109102; B.P. 16807, 1899). For the latter 
purpose ])u Pont (II. 8. P. 1580714) use an 
alkaline earth, giving a sparingly soluble sul- 
phite, which may be removed by filtration. 

Alternative methods are to digest a-chloro- 
naphthalene-4-sulphonic acid with aqueous 
caustic soda under pressure at 200-220° (Oehler, 
G.P. 77446 ; see also Voroschcov and Karlasch, 
Anilinokras. Prom. 1934, 4, 545 ; B. 1935, 137) ; 
to sulphonate a-naphthyl carbonate with mono- 
hydrate at 10-20°, isolating the disulpho-a- 
naphthyl carbonate and heating the product 
with water at 60-70° (Keverdin, Ber. 1894, 27, 
3460) ; or to sulphonate a-naphthol in a solvent, 
such as tetrachloroethano, with chlorosulphonic 
acid, when not more than 1-2% of isomeric acids 
are formed (B.H.G., B.P. 186615). 

Salts. — The acid and its salts are easily soluble. 
The zinc salt, ZnAg+SH^O, forms prisms, the 
sodium salt, easily salted from solutions, forms 
columnar crystals, is soluble in 90% alcohol 
and with ferric chloride solution gives a blue or , 
bluish -green coloration. Numerous arylamine 1 
salts are described by Forster and Watson j 
(J.S.C.I. 1927, 46, 224t), the aniline salt, m.p. 
186-187°, being soluble to the extent of 6‘38 
parts/100 parts of 1% acetic acid at 16°. The 
amide melts at 223° (GeseUsch., B.P. 232620). 

Reactions. — The orfAo-azo-dyes, produced on 
coupling with diazotised bases, are of technical 
importance, e.g., Chlorazol Azurine G, Chlorazol 


Violet R, Naphthalene Scarlet B, etc. Nitrous 
acid in the cold gives 2-nitroso-a-7iaphth()lA- 
sulphonic acid, which, with iron salts, gives a 
Naphthol Green. With warm dilute nitric acid 
it forms 2A-diniiro-a-vaphihol (Bender, Ber. 
1889, 22, 997). The action of ammonium 
sulphite solution and ammonia at 100 150° 
furnishes a-7iaphthyla7ninc- t-sulphonic acid ; w iili 
ethylenediamiiie and sodium bisulphite tin* 
sodium salt gives \-a7ni7ioethijlami7i()-7iapli- 
thaleneA-sul phonic acid, a (Ivt'stud inter- 
mediate (Bayer, B.P. 230457; lh8.P. 1543569). 
Sulphonation yktds suci'cssively a-na])hthol-2:i- 
disulpho7tic acid and a-7iaphthoL'lA:l~trisnl- 
phonic acid. Its sodium salt heated at 160- 
170° is transformed into sodiuifi a-naphthoL2- 
sul pho7iale . 

(iv) a-Naphthol-5-sulphonic Acid (Oxy- 
L-acid), is obtained by fusing sodium naphtha- 
lene-] :5-disulphonale wuth aqueous caustic 
soda at l()0-]90°, tlu^ sodium salt being isolated 
after acidiheation of the; diluted melt with 
hydrochloric acid (Ewer and Pick, G.P. 41934); 
by the action of sodium bisulphite on a-nai)h- 
thylamino-5-sulphonic acid, followed by boiling 
with an alkaline earth hydroxide (l)u Pont, 
11.8. P. 1580714) ; or when a-chh)ronaphthal(m<‘- 
5-sulj)honic acid is heated with 8% caustic soda 
solution under pressure at 240-250° (Oehler, 
G.P. 76446). 

Salts. — The acid has been isolated as a scini- 
crystalline, deliquescent mass ; the zi7ic salt, 
ZnAg+SJH^O, easily soluble long needles 
(Friedlander and Taussig, Ber. 1897, 30, 1460); 
the sodium salt, readily soluble in warm alcohol, 
gives a violet-red coloration with ferric chloride. 

lieactio7is. -Diazotised bases couple with it, 
forming ortho-azo dyes (Gesellsch., G.P. 66838 ; 
Gattcrmann and 8chulze, Bcr. 1897, 30, 52) ; 
if the diazonium salt contains negative con- 
stituents, coupling takes place usually in the 
paro-position (Gattcrmann and Liebermaiin, 
Annalen, 1912, 393, 211). It is used as end 
component in Monolite Bordeaux BL, Car- 
moisine L, and Solochrome Black F. Nitrous 
acid in the cold forms 2-7iitroso-a-naphthol-b- 
sulphonic acid, highly crystalline, giving a 
Naphthol Green with iron salts. With 20% 
oleum below 100°, a-7iaphthol-2:5-disulphonic 
acid is produced. Fused with caustic soda at 
220-260° it yields l:ly-dihydroxynaphthalene ; 
with sodamide, in naphthalene suspension at 
230°, l-amino-6-naphthol, 

(v) a-Naphthol-6-sulphonic Acid has been 
obtained from a-naphthylamine-6-sulphonic acid 
by the bisulphite method (Bayer, G.P. 109102; 
B.P. 16807, 1899) ; or from sodium naphthalene- 
l:6-disulphonate by fusion with caustic soda. 
Little is known of this acid. 

(vi) a-Naphthol-7-sulphonic Acid is a 
product of the sulphonation of a-naphthol with 
sulphuric acid at 130°. The pure acid is ob- 
tained from a-naphthylamine-7-sulphonic acid 
by the bisulphite method (c/. Bucherer, J. pr. 
Chem. 1904, [ii], 70, 347) ; or from 7-Bulpho-l- 
hydroxy-2-naphthoic acid by heating it with 
a small quantity of water at 120° (Fried- 
lander and Taussig, Ber. 1897, 30, 1461), 

Salts. — The acid, a crystalline mass, giving 
with ferric chloride a brownish- violet coloration, 
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is, like its salts, easily soluble. The zinc salt, 
ZnAj+SHgO, forms radiate groups of needles ; 
the barium salt, needles. 

Reactions . — Coupled with diazotised ^^-nitro- 
aniline in acetic acid solution, it gives monoazo- 
dyes, but in alkaline solution, disazo-dyes 
sensitive to acids (Friedlander and Taussig, 

l. c . ; c/. Bender, ibid. 1889, 22, 996). With 
nitrous acid it forms a nitroso-a-naphthol-T - 
sulphonic acid, which yields 2:4-dinitro-a- 
naphthol-1 -sulphonic acid on warming with 
dilute nitric acid. 

(vii) a-Naphthol-8-sulphonic Acid is ob- 
tained from a-naphthylamine-8-8ulphonic acid, 
either by action of water at 180-220° under 
pressure (Hochst, G.P. 74044; B.P. 14301, 
1892), or by the bisulphite method. When 
diazotised a-naphthylamine-8-sulphonic acid is 
boiled with water or dilute sulphuric acid, the 
product isolated is not the free acid but naphtha- 
sultone, the j^^eri-anhydride, from whi(;h the 
acid is obtained, after hydrolysis with alcoholic 
ammonia at 130°, by decomposing the relatively 
insoluble lead salt with hydrogen sulphide. The 
sultonc, with aqueous ammonia, in the cold, 
gives the acid amide, m.p. 222"", in 90% yield 
(GoseUsch., B.P. 207102 ; G.P. 407003). 

Salts . — The acid, HA+HgO, is crystalline, 

m. p. 106-107°, and very soluble. It does not 
lose its water of crystallisation below 180°, and 
shows little tendency to pass into the anhydride 
(sultone), even in the presence of dehydrating 
agents. The potassium salt, KA, scales ; the 
basic sodiu7n salt, NagA-f- 1 i HgO, small needles ; 
and the ammonium salt, NH4A, scales, are 
easily soluble in water, and, like the acid, give 
with ferric chloride a dark green coloration, 
changing rapidly to red. 

Reactions . — It couples with diazotised bases. 
With nitrous acid a' sparingly soluble nitroso^ 
compound is obtained, which yields 2:4-dinitro- 
a-naphthol-S-sulphonic acid when warmed with 
nitric acid. Fusion with caustic alkali gives 
\:S-dihydroxy7iaphthalene ; with sodamide, in 
naphthalene suspension, l-amino-S-naphthol. 

Naphthasultone, 


cn n 



is obtained almost quantitatively by boiling 
diazotised a-naphthylamine-S-sulphonic acid in 
alcohol, water, or dilute sulphuric acid (Karpeles, 
J.S.C.I. 1898, 17 , 837). It crystallises from 
alcohol in large prisms, m.p. 154°, distils above 
360° with slight decomposition, and is almost 
insoluble in water. 

Reactions . — It is hydrolysed by boiling dilute 
aqueous alkalies. With sulphuric acid it gives 
a-naphthol-4:8-disulphonic acid. According to 
G.P. 430561 the 4-halogeno derivative can be pre- 
pared from the sultone (at 160-200°), from its 
i-sulphonic acid or from a-naphthol-4:8-disul- 
phonio acid (at 80° in presence of hydrochloric 
acid) by action of halogen at a suitable tempera- 
ture. a-Naphthol-6;8-disulphonio acid under 
the same conditions gives, with chlorine, 4- 


chloronaphthasuUone-Q-sulphonic acid (I.G., B.P. 
433527). 4-ChloronaphthasuUone has m.p. 176- 
178°. 

a-NAPHTHOLDISULPHONIO ACIDS. 

(i) a-Naphthol-2:4-disulphonic Acid is a 
product of direct sulphonation of a-naphthol 
by about three times its weight of sulphuric 
acid at temperatures below 100° (Friedlander 
and Taussig, 1897, 80, 1457). It may be 
separated from mono- or other di-sulphonic acids 
present by removing these, either as sparingly 
soluble nit rose -compounds, formed by action 
of nitrous acid, or as insoluble azo-dyes, by 
suitable coupling (with diazotised xylidine). It 
may also be obtained from a-naphthol-2:4:8- 
trisulphonic acid by reduction with sodium 
amalgam (Bayer, G.P. 255724; B.P. 28172, 
1911). Its chloride (m.p. 149°) is a product of 
the action of excess chlorosulphonic acid at 
ordinary temperature on a-naphthol (Poliak, 
Gebauer-Fulnegg et al., Monatsh. 1928, 49, 
187). 

Identification. — T\\o potassium salt, Kg A, gives 
a deep blue coloration with ferric chloride. The 
acid is not precipitated either by lead or barium 
salts and yields neither azo-dyes nor a nitroso- 
compound (Conrad and Fischer, Annalen, 1893, 
273, 105). 

Reactions , — With nitric acid it gives 2:4- 
dinitro-a-naphihol. On further sulphonation it 
gives a-naphthol-2:4'.l -trisulphonic acid. 

(ii) a-Naphthoi“2:6-disulphonic Acid is 
prepared by sulphonation of a-naphthol-5-sul- 
phoiiic acid, with sulphuric acid or 20% oleum, 
below 100° (Bayer, G.P. 68344; B.P. 3397, 
1890). The sodium salt, prisms, neither forms a 
nitroso- derivative nor couples with diazo- 
compounds (Gattermann and Schulze, Ber. 
1897, 80, 55). 

Iieactio7L — With 60% caustic soda solution 
at 250° it gives l:5-dihydroxynaphthalenc.2- 
sulphonic acid. 

(iii) a-Naphthol-2:7-disulphonic Acid is 
one of the products of direct sulphonation of 
a-naphthol with a relatively small proportion 
(2-3 parts) of sulphuric acid (approximately 93% 
strength) at 125-130° (c/. FriodWder and Taus- 
sig, ibid. 1897, 30, 1463 ; Leonhardt, B.P. 11318, 
1887), but its isolation from the other products 
of the reaction has not been described. It can 
be obtained from a-naphthylamine-2:7-di8ul- 
phonic acid by the diazo -reaction (Reverdin, 
and de la Harpo, Ber. 1892, 25 , 1405) or from 
a-naphthol-2:4;7-trisulphonic acid by reduction 
with sodium amalgam (Friedliinder and Lucht, 
ibid. 1893, 26 , 3031 ; Friedlander and Taussig, 
l.c.). 

Iderdification . — The zinc salt, ZnA, is soluble. 
It couples para- with diazo-compounds. It gives 
a nitroso derivative, but this does not form a 
Naphthol Green with iron salts. 

(iv) o-Naphthol-3:5-disulphonjc Acid has 
been obtained by fusing sodium naphthalene- 
l:3:5-trisulphonate with caustic soda at 140- 
150°, but is not described (Kalle, G.P. 94075). 

(v) a-Naphthol-3:6-disulphonic Acid is 
technically the most important a-naphtholdisul- 
phonic acid and is obtained when sodium 
naphthalene-1 :3:6‘trisulphonic acid is heated 
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with 60% caustic soda solution at 170-180° 
(Giirke and Rudolph, G.P. 38281 ; B.P. 15716, 
1885). It can be prepared from a-naphthyl- 
amine-3:6*di8ulphonic acid, either by tho diazo- 
reaction, or by heating its acid sodium salt with 
water under pressure at 180° (Cassella, G.P.a. 
4375), or from a-naplithol-3:6:8-trisulphonic 
acid by reduction with sodium amalgam (Haver, 
G.P. 255724; B.P. 28172, 1911). 

Identificatioii. — The acid Oar i am salt, 
BaH 2 A 2 , is sparingly soluble; the acid sodium 
salt, NaH A, is readily soluble in water or alcohol 
and gives a blue coloration with ferric chloride. 

Reaction. — It couples with diazotised bases 
furnishing ortho-azo dyes. Heated with am- 
monia at 160° it gives 2-amino-4-napht?iol-l- 
suljphonic acid mixed with li'S-diamhionaphiha- 
lene-€}-sulphonic acid^ or with aniline at 160° the 
diphenyl derivative f)f the latter. 

(vi) a-Naphthol-3:7-disulphonic Acid can 
be prepared from a-naphthylamine-3:7-disul- 
phonic acid, either by the diazo-rea(;tion, or by 
heating its acid sodium salt with water under 
pressure at 180°; or from tt-naphth()l-3:5:7-tri- 
sulphonie acid by reduction with zinc dust and 
dilute caustic soda (Kallo, G.P. 233934). 

Reactions. — The acid couples with diazotised 
bases. With ammonia at 160° it yields 2- 
amino-A-naphthoUiy-sul'phonic acid, mixed with 
I'.ti’diaminonaphlhalene-l-sniphonic acid, or with 
aniline, at 160°, the diphenyl derivative of the 
latter. 

(vii) a-Naphthol-3:8-disulphonic Acid is 
prepared from a-naphthylaraine-3:8-di8ulphonic 
acid by heating its acid sodium salt with water 
under pressure at 180° (Hochst, G.P. 71494; 
B.P. 14301, 1892). 

Identification. — The sodium salt, 

Na2A+6H20, 

long prisms, soluble in 5-5 parts of cold water, 
gives with ferric chloride a deep blue coloration 
and with nitric acid yields, not a Naphthol 
Yellow, but oxidation products. 

Reactions. — It couples with diazo -compounds 
forming ortho-azo dyes. Digested with 50% 
caustic soda at 170-210° it forms \\^-dihydroxy- 
naphlhalene-*6-sulphonic acid. Reduced with 
sodium amalgam, it yields a-naphthol-S-sul- 
phonic acid. Heated with ammonia at 160- 
180° it gives l:2-diaminonaphthalene-S-sulphonic 
acid or with aniline and aniline hydrodilorido at 
150-170° the diphenyl derivative of this acid. 

R aphthasuUone-S'Sulphonic acid is obtained 
from a-naphthol-3:8-di8ulphonic acid by de- 
hydration with sulphuric acid at 100°, or with 
phosphorus pentoxide or phosphorus penta- 
chloride (Badische, G.P. 55094). The sulphonyl 
chloride (m.p. 190-191°) is obtained by inter- 
action with chlorosulphonic acid (Gebauer- 
Fiilnegg et al., J. Amer. Chem. Soc. 1931, 53, 
2648), which with ammonia gives a-naphthol- 
3:8-disulphonamide (B.D.C., B.P. 296468). The 
acid forms readily soluble silky needles; the 
barium salt sparingly soluble long needles ; the 
sodium salt, NaA+SHgO, long needles soluble 
in about 93 parts of cold water. It gives no 
coloration with ferric chloride and is readily 
hydrolysed by mineral acids or by alkalis 
(Ewer and Pick, G.P. 52724). 


a-Naphthoh%‘8ulphonamide-^-8ulphonic Acid is 
prepared by action of ammonia on naphtha- 
sultone- 3 -sulphonic acid. The acid, its barium 
salt, BA 2 + SHgO, and sodium, salt, NaA-f HgO, 
are moderately soluble. With diazotised bases 
it couples, giving oriho-fizo dyes which, when 
boiled with alkalis, give /-anhydrides (sul- 
tams), the colour changing from bluish-red to 
yellow (Bernsthen, Ber. 1890, 23, 3094). 

(viii) a-Naphthol-4:6-disulphonic Acid 
can l>e prepareil from a-na])hthylamine-4:6-disul- 
phonic acid by the bisulphite method (Bucherer, 
J. pr. chem. 1904, [ii], 70, 347), or by sul- 
phonation of aa'-dinaphthyl carbonate with 
20 % oleum at 10 - 20 °, hydrolysing the tetra- 
sulpho-aa'-dinaphthyl carbonate with dilute 
acid at 60-70° and separating the less soluble 
4:7-disulj)honi(! acid from the more soluble 4:6- 
acid by salting out (Hochst, B.P. 80888 ; B.P. 
14134, 1891). 

Reactions. — It gives azo-dyes on coupling, and 
a Naphthol Yellow w'hen boiled wdth nitric acid. 

(ix) a-Naphthol-4;7-sulphonic Acid is 
a ])roduct, along with the 2 : 7-acid, of direct 
sulphonation of u-naphthol with a relatively 
small proportion (2-3 parts) of sulphuric acid 
(approximately 93% strength) at 125-130°. It 
may be ])repared irom a-naphthylaminc-4:7- 
disul[)honic acid by the bisulphite method, or 
from a-chloronaphthalene-4:7-disulphonic acid 
by digestion with 30% caustic soda at 200-210° 
(Oehlor, G.P. 74714) ; or by hydrolysing the 
product of tclrasulphonation of aa'-dinaphthyl 
carbonate (Hochst, l.c.). 

Identification . — The barium salt, BaA-f- 4 H 20 , 
and sodiu7n salt, Na 2 A+ 4 H 2 O, are crystalline. 
The latter gives a blue coloration with ferric 
chloride. 

Reactions. —it couples to give ortho-azo dyes- 
With nitrous acid it gives a very soluble nitroso- 
con: pound. Nitric acid forms 2:4:-dinitro-a- 
7iaphthol-l -sulphonic acid. Boiled with 66% sul- 
phuric acid, or with hydrochloric acid, it yields 
a-naphthol-1 -sulphonic acid. 

(x) a-Naphthol-4:8"disulphonic Acid is 
prepared from naphthasultone by heating with 
sulphuric acid at 80-90° until soluble in water 
(Bernsthen, Ber. 1890, 23, 3090), or from a- 
naphthylamine-4:8-di8ulphonic acid by the bi- 
sulphite method (Bucherer, J. pr. Chem. 1904, 
[ii], 69, 80). 

Identification. — The barium salt is sparingly 
soluble; the sodium salt, NagA-f HgO, forms 
very soluble scales which, with ferric chloride, 
give a deep blue coloration. 

Reactions. — It couples with diazotised bases 
to give ortho-mo dyes. Nitrous acid gives the 
2-nitroso derivative (Diessel and Kothe, Ber. 
1894, 27, 2145). Nitric acid converts it into 
2:4 - dinitro - a - naphthol - 8 - sulphonic acid, a- 
NaphthylamineAiS-disulphonic acid can be pro- 
duced by interaction with ammonia and bisul- 
phite. On dehydration with cold 5% oleum it 
gives naphthasultone A-sulphonic acid, but with 
26% oleum below 100°, a-naphthol-2:4::S4risiU- 
phonic acid is produced. Chlorosulphonie acid 
converts it into naphtkasultoneA-sulphonyl 
chloride, m.p. 196° (Cfebauer-Fulnegg et al* 
J. Amer. Chem. Soc. 1931, 58, 2648). Fusion 
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with caustic soda at 250° gives \\%~dihydroxy- 
naphthaleneA-sulphonic acid. 

NaphthamUoneA-aulphonic Acid is formed as 
indicated above. The barium salt is easily 
soluble; the sodium (4- SHgO), inoderalely 
soluble scales, is converted readily into a- 
naphtJwlAiS-disvlphonate by alkalis in the cold, 
or into the acid by boiling with dilute (5%) 
sulphuric a(;id, or, on j)rolnngcd boiling, by 
water aloiM\ It giv(‘8 neither a e()U)ration with 
ferric chloride, nor does it couple with diazotised 
bases. 

a- Naphthol-H-sulphonamide -4-sidphonic Acid is 
precipitated as its crystalline sodium salt 
(-f 2 H 20 ) on acidification of a solution of the 
siiltonesulphonate in ammonia, it is hydrolysed 
to the Hultone or the disulphonic acid by boiling 
dilute acid (Badisclie, G.P. «5785fi). Coupled 
with diazotised bases it forms orfho-uzo dyes 
closely resembling those obtained from the 8- 
Hulphonamidc-,‘l-sulphonic acid (Ceigv, C.P. 
139287). 

(\'i) a-Naphthol-5;7-disulphonic Acid has 
nut been descrilx'd. It is mentioned as pro- 
ducible from and convertibk^ into (he a-uaph- 
thylamine-5;7-disul])honic acid by the bisulphite 
reaction (Badisclie, G.P. 115335*; 117-471 ; B.P. 
1387, 1900). 

(xii) a-Naphthol-5:8-disulphonic Acid has 
been obtained from a-naphthylamine-5:8-di.sul- 
])honic acid by the diazo-reaction, the sultoiu' 
first formed being converted, by alkali, into the 
disulphonic acid (BayiT, C.P. 70857). 

Najihthalsultone - 5 - sulplionic acid forms a 
sodiuru salt, NaAd UHgO, needles, moderately 
soluble (Gattcrmann, Ber. 1899, 32, 1 158) which, 
when digested with 40% caustic soda under 
pressure at 170-200'', ^fields }:Hulihydro.njiiaph- 
tiiahne-Ar-sulphonic ucid (Bayer, C.P. 80007; 
B.P. 1227, 1894). 

(xiii) a-NaphthoI “ 0:8- disulphonic Acid 
may be prepared from a-naphthylaminc-0:8- 
disulphoriic acid by the bisulphite reaction 
(Bucherer, J. pr. Chem. 1904, [ii], 70, 347). It 
•is also formed by hydrolysis, with 3% acid at 
180-200°, of a-naphthylamine-4:6:8-trisulphonic 
acid (Kalle, G.P. 82503) or a-naphthol-4:0;8- 
trisulphoiiic acid. The acid sodium salt forms 
easily soluble short needles and, with ferric 
chloride, gives a fleeting green coloration. 

Reactions . — It couples with diazotised bases 
forming azo-dyes. With nitrous acid, it yields a 
nitroso derivative which is not convertible into a 
Naphthol YeUow .by nitric aedd. With 50% 
caustic soda at 170-210° it gives l:S-dihydroxy’ 
naphthalene-'^-sulphonic acid. 

The corresponding naphthasultone-G-sulphonic 
acid and a-naphthoi-8-sulphonamide-6-sulphonic 
acid have not been fuUy characterised. 

a-NAPHTHOnTRISULPIiONIC AciDS. 

(i) a-Naphthol-2:4:7-trisulphonlc Acid is 
the chief product of sulphonation of a-naphthol 
with 25% oleum at 100-110° (Badische, G.P. 
10786 ; B.P. 6306, 1879) from which it may be 
isolated by means of the barium salt (Fried- 
l&nder and Taussig, Ber. 1897, 30, 1463). The 
trisulphonyl chloride of this acid is also obtained 
by prolonged action of excess of chlorosulphonic 
acid on a*naphthol at room temperature 
VoL. VIII.— 22 


(Gcbauer-Fiihu'.gg et al., Monatsh, 1929, 53-^, 
101). The acid is formed when a-chlorona- 
phthalene-2:4;7-tri8ulphonic acid is heated with 
12% caustic soda under pressure at 160° 
(Oehler, G.P. 77996). 

Identification . — The bariimi salt, 

f 3 H 2 O, 

glistening minute crystals, is almost insoluble 
wh(u) (uicc separattid iVfjm water ; the other salts 
arc easily soluble. Tlui sodium salt gives a blue 
coloration witli ferric chloriflc, but yields neither 
azo-dyes nor a nitroso-coinpourid. 

Reaxtiorw . — Nitric acid converts it into 2:4- 
dinilro-a-naj)hthol-l-sulphoni(‘ acid. Fusion with 
I caustic soda produces \:1 -dihydroxynaphthalene ~ 
disulphonic acid. Reduced with sodium amal- 
gam in the cold it gives a-napht]iol-2:l -disul- 
phonic acid. When licatcd with 66% sulphuric 
acid it yields a-naphthol-l-sulphonic acid. 

(ii) a - Naphthol-2:4:8-trisulphonic Acid 
has been prepared by sulphouafirig a-iiaphthol- 
4:8-disulphoni(‘ acid or its sultoue with 25% 
oleum below 10(P (Payer, B.P. 3397, 1890; 
Dresscl and Koihe, Ber. 1894, 27, 2143). 

[d4’nlificMi()n.--rh(i sodium salt (flJHgO), 
a readily soluble (‘rystalliiKi solid, showing a 
green fluorescence in solution, gives a blue 
(‘oloration with ferric (‘hloridc^ but does not 
(‘ouple with diazotised bases. 

Reactions . — Nitration at 20° with mixed acid 
gives 2:4-dinilro-a-naphthol-H-sulphonic acid. On 
reduction wdth sodium amalgam in the cold it 
gives a-7taphlhol-2:\-disulphonic acid. Fusion 
with caustic soda at 210° converts it irito 1:8- 
dihydroxynaphthalene -2:4 -dis ulpho ni c ac id . 

(iii) a-Naphthol-3:5:7-trisulphonic Acid 
is obtained, either from naphthalene- 1:3:5:7- 
tctrasulphonic acid, by digestion with 15% 
(laustic soda solution under pr(‘ssure at 180° 
(Bayer, G.P. 79054; B.P. 25074, 1893), or from 
a-naphthylanune-3:5:7-tri8ulphonic acid by the 
diazo-reaction. 

Rc(ictio7is , — In neutral or alkaline solution it 
combines with tetrazo derivatives of the 
diphenyl scricis forming salts (Bayer, G.P. 
92169; B.P. 8995, 1895). Reduced wdth zinc 
dust in boiling caustic soda, a-naphthol-3:7 - 
disulpJmnic acid is produced. Heated with 
ammonia at 160-180°, it gives \:2-diam.ino- 
naphthaUne-b:l -disulphonic acid. Fused with 
50% caustic soda at 150-160° it yields 1:5- 
dihydroxynaphthulene-2:7 -disulphonic acid but 
with 60% caustic soda, i:i-dihydroxynaphtha- 
lene-Ir.l -disulphonic acid is produced in addition. 

(iv) a-Naphthol-3:6;8-trlsulphonic Acid, 
the only technically important a-naphtholtri- 
sulphonio acid, is formed from a-naphthylamino- 
3:6:8-tri8ulphonic acid, either by the diazo- 
reaction, the sultone being an int(*.rmodiate 
product (Koch, G.P. 56068 ; B.P. 9258, 1890), 
or by heating it with water under pressure at 
180-250° (HOchst, G.P. 71496; B.P. 14301, 
1892). 

Reactions . — Coupled with diazotised bases, it 
forms dyes. Reduced with sodium amalgam 
in the cold it gives a-naphthol-^:6-disulph^nic 
acid. Heated with ammonia at 160-180° 
it forma l:Z-diamino7iaphthalene-Q:B-disulpkonic 
acid, or with aniline at 150-170°, the diphenyl 
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derivative of the same acid. Fused with 60% 
caustic soda at 170-220°, it yields the important 
1:8 - diJiydroxynaphthulene - 3:6 - disulphovic acid 
(Chromotropi c* A ci d ) . 

Its Bultone gives yellow solutions with alkalis. 
Dissolved in ammonia, the sodium sultone- 
sulphoriate, when mixed with h3^drochloric acid, 
yields sodium a-nap}iihol-H-sidphonwrnide-*i:^- 
disidphonate (Hoehst, G.P. 69518), which (couples 
to form dyes. 

(v) a-Naphthol-4:6:8-trisulphonic Acid 
can be prepared from a-naphthylamine-4:6:8- 
trisulphonic acid, either by the diazo-reaction, 
with intermediate formation of the sultone, or 
by the bisulphite method (Uuchercr, d. pr. 
Chem. 1904, [ii], 70, 347). 

Reactions . — Hydrolysed with '^% li^drocliloric 
acid at 160-200“ it gives a-7Lapktho]-iy.^-(lisal- 
phonic acid. Fused with 70% caustic soda at 
170-190° it yields \ \^-dihy dr or y naphthalene 
disvlphonic acid. 

Its sultone is easily soluble, forming colourless 
non-fluorescent solutions which wdth alkalis 
become deep yellow. The corresponding a- 
naphthol-8-8ulphonamide-4:6-disulphonic acid 
couples with diazotised bases giving or///-o-azo 
dyes. 

HALO(}ENO-a-NArilTfIOI«S. 

Chlorination of a-naphthol gives only homo- 
nuclear derivatives. If chlorine is passed into 
a cooled acetic acid solution of a-naphthol, 2:4- 
dichloro-a-naphthol is formed ((deve, Per. 1888, 
21, 891), followed b^" production of the additive 
(‘ompounds trichloro- and perd'achloro-a-k(do- 
di- and -tetra hydro -naphthalene (Zincke and 
Kegel, ibid. 1888, 21, 1031). 

The halogens in halogenated naphthoks, exce])t 
w'hen present in position 6 and 7, are rtunovable 
by aqueous alcoholic stannous chloride in an 
atmosphere of nitrogen (Sampey, J. Amer. 
Chem. Soc. 1927, 49, 2849). 

3- Chloro-a-naphthol has been prepared 
from 3-chloro-a-naphthylamine by the diazo- 
reaction (Hodgson and Elliott, J.C.8. 1934, 
1705). It melts at 143°. Treated with bromine, 
it gives B-chloro-2:4:-dibromo-a-naphthol, m.p. 
112°. In the same paper the ^-hromo- (m.p. 61°) 
and the S-iodo- (m.p. 119°) a-naphthols are 
described. 

4- Chloro-a-naphthol may be obtained by 
chlorinating either a-naphthyl carbonate 
(Keverdin and Kauffmann, Per. 1895, 28, 3051) 
or a-naphthyl toluene-p-sulphonato in carbon 
tetrachloride (Aktienges., G.P. 240038). It may 
also be prepared from a-naphthol by chlorina- 
tion wdth sulphuryl chloride (Kast, Ber. 1911, 
44, 1337), but when the naphthol, dissolved in 
alkali, is chlorinated by hypochlorous acid 
(Kalle, G.P. 167458) the product is not pure. 
It sublimes in long needles, m.p. 117-118°, dis- 
solves readily in alcohol or benzene, gives a blue 
precipitate with ferric chloride and couples with 
diazotised bases. 

2 - Bromo-a - naphthol, from 2-bromo-a- 
naphthylamine, has m.p. 45° (Hodgson and 
Hathway, J.C.S. 1944, 538). 

6- and 7-Bromo-a-naphthols have been 
synthesised, by the Erdmann method, from m- 
and jp-bromophenylparaconic acids, themselves 


synthesised from m- and p-bromobenzaldehyde 
and succinic anhydride (Fuson, J. Amer. Chem. 
Soc. 1925,47, 516). 

Chloro - a- naphtholsulphonic Acids. — 
Four, namel}" the 6- and 7-chloro-a-naphthol-3- 
sulphonic acids, the 6-chloro-a-naphthol-3:5- gnd 
the 8-chloro-a-naphthol-3:6-di8ulphonic acids, 
formed from the corresponding aminonaphthol- 
mono- and di-sulphoni(i acids by the Sandmeyer 
reaction, have becji proposed for coupling with 
(liazotLsed dcdi^nlrothiotoluidine in the produc- 
tion ot' ortho -azo dyes (Bayer, G.P. 96768; B.P. 
9441. 1894). 

" H-Chloro-a-7iaj)hthol-3:6-disulpho'nic acid, ob- 
tained bv heating 8-ehloro-a-naphthylamine- 
3:6-diHul})honic acid with dilute sulphuric acid 
under pressure (Badisehe, G.P. 147852), is a 
crystalline, dc^licineseent solid. Its acid barium 
salt, BaHgAgI GHgO, crystallises in needles; 
acid potasaimii salt in sc'ales ; acid sodium salt 
in iK'edlcs. The normal salts are readily soluble, 
give non llnoreseent solutions which, with ferric 
chloride, give a dark green coloration. Com- 
pared with the azo-dyes from a-naphthol-3:6- 
disulphonic acid, those from this periehloro-acid 
are much bluer in shade and of enhanched fastness 
(Cassella, G.P. 82285 ; 99227). 

NiTROSo-a-NAPHTHOLS {scc N aphthaquinonc- 
o.rimes, p. 385a). 

N TTKO - a - APU TllOLS . 

a-Naphthol, nitrated in acetic acid below 7°, 
gives a 34% j’i dd of 2-nitro-a-naphthol. If the 
acetyl derivative is similarly nitrated the yield 
of 2-nitro-a-nai7hthol is 45% and some 2:4- 
dinitro-a-naphthol is produced. The 4-nitro 
derivative is the chief constituent of the product 
of nitration of the methyl ether under similar 
conditions (Hodgson and Smith, J.C.S. 1935, 
671). But nitro-a-naphthols are commonly 
obtained from naphtholsulphonic acids, nitroso- 
niaphthols, or nitrosonaphtholsulphonic acids 
containing the nitroso -group, or at least one 
sulphonic group, in the same nucleus as the 
h^’^droxyl group. A method, of no technical 
importance, from a-chloronitronaphthalenes, 
has been used to prepare 4-mono-, the 2:4-di- 
and the 2:4:5- and 2:4:8-tri-nitro-a-naphthol8. 

The nitro-a-naphthols containing a nitro- 
group in the or^/m-position to the hydroxyl 
radical dye wool and silk in various shades of 
yellow. 

(i) 2-Nitro-a-naphthol, as already de- 
scribed, is a product of nitration of a- 
naphthol. It may bo prepared from 2-nitro80- 
a-naphthol by oxidation with diluted nitric 
acid in the cold, or better with hydrogen per- 
oxide ; or from acet-a-naphthalide by nitration, 
the 2-nitro-a-naphthol being separated, after 
hydrolysis by boiling with 5% caustic soda solu- 
tion, by distillation in steam (Hodgson and 
Kilner, ibid. 1924, 125, 807). 

Properties . — It crystallises in greenish -yeUow 
plates, m.p. 128°, is sparingly soluble in dilute 
alcohol and only very slightly in water. It is 
volatile in steam and forms dark red salts with 
alkalis. Its acetate^ bright-yellow needles, melts 
at 118°; the ethyl ethers also bright-yeUow 
needles, melts at 84°. 
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(ii) 3-Njtro-a-naphthol, yellow needles, 
in.p. 167-168° {see Vesel]^ and Dvor&k, Bull Soc. 
ohim. 1923, [iv], 33, 329). 

(iii) 4-Njtro-a-naphthol {French Yellow, 
(\mipobello Yellow; ChrysHc Acid) is formed 
when bis-4-nitr()-a-na]dithyl carbonate, m.p. 
212°, is heated with alcoliolic potash (Rcverdin 
and Kauffinann, Jh^r. 1 895, 28, 30.50) ; or when 
4-nitro-a-chloroT)aplithalene is heated w'ith 
acpieoua sodium carbonate under pressure at 150- 
155° (Greisheim, OA*. 117731 ; B.P. 7692, 1900). 
The nitration of a-naphthyl m-nitrobenzenesul- 
phonate with fuming nitric acid in arctic aci<i 
yields, a mixture of 4- and 8-nitro-compounds 
(Bell, J.C.S. 1933, 286). a-Naphthyl methyl 
ether, nitrated in acetic acid below 7°, gives 
mainly the 4-nitro-product (Hodgson and Smith, 

l. C.). 

Properties. — It crystallises from hot w’ater in 
golden-yellow needles, m.p. 164°, readily soluble 
in alcohol or acetic acid ; it is not volatile in 
steam. Tht^ salts are orange-red to dark red in 
colour, readily soluble in water ; the sodium salt, 
NaA+2H20, carmine-rcd needles, was formerly 
used as a yellow dye for silk or wool. The 
methyl ether melts at 85-86° (81°), the ethyl 
ether at 116-117° (120°). On nitration it yiehls 
2:4-dmitro-a-7i,aphthol, but the 4-nitro-a-naphthyl 
m-nitrobenzenesulphonate yields the i:il-dinitro 
derivative (Bell, l.c.). 

(iv) 5-Nitro-a-naphthol obtained from 5- 
nitro-a-naphthylaniinc, by the diazo-reaction, 
separates from hot water in dark ytdlow crystals, 

m. p. 165°; gives an acetate, needles, m.p. 114°, 
and benzoate, m.p. 109° ; couples with di- 
azotised bases, and, with nitrous acid, yields 
^-nitroA-nitroso-a-naphthol (Kaufler and Brauer, 
Ber. 1907, 40, 3271 ; Fichter and Kuhnel, ibid, 
1909, 42, 4751). 

(v) 6-Nltro-a-naphthol, yellow^ plates, 
m.p. 181-182° (Hodgson and Turner, J.C.S. 
1944, 8). 

(vi) 8-Nitro-a-naphthol, m.p. 130°, may 
be isolated from the product of nitration of 
a-naphthyl m-nitrobenzenesulphonate (Bell, Z.c.). 

DiNITRO-a-NAPHTHOLS. 

(i) 2:4-Dinitro-a-naphthol {Martins Yel- 
low, Manchester Yellow, Naphthalene Yellow, 
Naphthol Yellow) is a product of the action of 
nitric acid on a-naphthol, 2-nitroso-, and 4- 
nitroso-a-naphthol, 2-nitro- and 4-nitro-a- 
naphthol, and on a-naphthol-2-sulphonic acid, 
a-naphthol-4-aulphonic acid, a-naphthol-2:4- 
disulphonic acid (Bender, Ber. 1889, 22, 996), 
or l-ethoxynaphthalene-4-sulphonic acid (Witt 
and Schneider, ibid. 1901, 34, 3186). It is also 
formed when a-naphthylamine is heated with 
concentrated nitric acid, or nitrous fumes are 
led into an ethereal solution of a-naphthol at 0° 
(Schmidt, ibid. 1900, 23, 3245). 

Preparation. — Either a - naphthol - 2:4 - disul- 
phonic acid, made by sulphonating a-naphthol 
with twice its weight of sulphuric acid below 
60°, is heated wdth dilute nitric acid at 100°, or 
the two a-naphtholmonosulphonic acids, formed 
when a-naphthol is sulpbonated under Schklfer’s 
conditions (Annalen, 1869, 152, 293), are con- 
verted into their nitroso derivatives by inter- 
action with sodium nitrite and sulphuric acid in 


the cold, and the product finally warmed with 
nitric acid. 

Properties. — It crystallises from alcohol in 
citron-yellow needles, m.p. 138°, docs not 
volatilise with steam and is sparingly soluble in 
alcohol, ether, and benzene. It is an add, dis- 
solving in sodium carbonate solution, and forms 
soluble, orange-coloured salts (Korezynski, Ber. 
1909, 42, 174). The sodium salt, NaA-| HgO, 
ammonium salt, NH 4 A-i-H 20 , and calcium 
salt, CaAg-f BHgO, crystallise in needles, and 
w'cre formerly used as golden-yellow dyes for 
silk and wool. Dinitro-a-naphthol, however, 
has little affinity for the fibre, being removed 
from it either by volatilisation or by w ashing. 

Reactions. — With nitric acid in sulphuric acid 
below 50°, it yields a mixture of 2:4:5- and 2:4:7- 
trinitro - a - naphthols. Prolonged boiling with 
concentrated nitric acid oxidises it to phthalic 
and oxalic acids. With c'old hypochlorite it 
gives first 2-chloro-[a-^naphthaquinonc. and finally 
jihthalic and oxalic acids. Digested with alcoholic 
ammonia at 190-200", it yields 2A-dinitro-a- 
naphthylamine. With }>otas8ium cyanide in hot 
alcoholic solution, naphthylpurpuric acid is 
formed and with toluene-^-siilphonyl chloride 
and diethylaniline, A-chloro~\\\^-dmitronaphtha- 
lene is obtained (Ullmann and Bruek, ibid. 
1908, 41, 3932). 

(ii) 4:5-Dinitro-a-naphthol, mixed with the 
4:8-dinitro-a-naphthol, is obtained from the 
product of nitration of a-naphthyl m-nitro- 
benzenesulphonatc with fuming nitric acid in 
acetic acid (Bell, J.C.S. 1933, 286). It is pre- 
pared by oxidation of 5-nitro-4-nitroao-a- 
naphthol with alkaline ferrioyanido solution. 
It crystallises in yellow needles, m.p. 230°, is 
only sparingly soluble in water and has feeble 
dyeing properties (Friedl&nder, Ber. 1899, 32, 
3629). The methyl ether, m.p. 216°, and ethyl 
ether, scales, m.p. 182°, have been described 
(Ullmann and Consonno, ibid. 1902, 35, 2808). 

(iii) 4:8-Dinitro-a-naphthol may be ob- 
tained as above or by oxidation of the corre- 
sponding 8-nitro-4-nitroso-a-naphthol and has 
m.p. 135°. 

TrIN ITRO - a- NAPHTHOLS . 

(i) 2:4:5- Trinitro - a- naphthol {Naphtho- 
picric acid) is formed when 6-nitro-4-nitro80-a- 
naphthol is warmed with dilute nitric acid 
(Graebe and Oeser, Annalen, 1904, 335, 147 ; 
cf. J.S.C.I. 1900, 19, 339); or, mixed with the 
2:4:7-trinitro derivative, when 2:4-dinitro-a- 
naphthol is nitrated in the cold with nitrosul- 
phuric acid (Kehrmann and Haberkant, Ber. 
1898, 31, 2421). 

Properties. — It forms needles, m.p. 190°, and 
its potassium salt, KA-j-HjO, needles, is easily 
soluble in hot, sparingly in cold water. It is a 
strong acid, dyes wool yellow, yields Z-nitro- 
phthalic acid on oxidation and gives 4t-chloro- 
l:S:S-trinitronaphthalene when heated with 
toluene -p -sulphonyl chloride and diethylaniline. 

(ii) 2:4:7-Trlnitro-a-naphthol is the more 
soluble isomer obtained when 2:4-dinitro-a- 
naphthol is nitrated in the cold with nitrosul- 
phuric acid (Kehrmann and Haberkant, l.c.), 
and is freed from the 2:4:5 -compound by con- 
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version into the sparingly soluble sodium salt 
(Kc^hrmann and Steiner, ibid. 1900, 83, 3286). 

Properties. — It forms yellow needles, m.p. 145", 
but, from benzene or acetic acid, prisms, con- 
taining solvent, which effloresce in the air. On 
oxidation it yields 4-nitrophthalic acid. The 
potassium salt is easily, but the sodium salt, 
yellow needles, only sparingly soluble in water. 

(iii) 2:4;8-Trinitro-a-naphthol, obtained by 
mixing 8-nitro-4-nitroso-a-naphthol with 50% 
nitric acid in the cold (Graebo and Oeser, 
Annalen, 1904, 335 , 150) forms yellow prisms, 
m.p. 175". Jt dyes wool yellow. 

(iv) 4:5:7-(or 4:6:8-)Trinitro - a- naphthol 
has not been isolated, but its methyl ether is 
formed by the interaction of J:3:5:8-tetranitro- 
naphthalene and sodium methoxide. This 
ether crystallises in yellow needles, m.p. 180", 
and on oxidation yields ^'.r^-dinitrophiJiaUc acid 
(Will, Ber. 1895, 28 , 372). 

TETllANITRO-a-NArHTllOL. 

2:4;5:7 - Tetranitro - a - naphthol {IJeJio- 
chrysin) is obtained by digesting tetranitio-a- 
bromonaphthalene (m.p. 170-5") with warm, 
concentrated aqueous sodium carbonate (Merz 
and Weith, ibid. 1882, 15 , 2714). It crystallises 
in yellow scales, m.p. 180", and forms reddish- 
yellow salts which dissolve only sparingly in 
water. The potassium salt, KA+ 1 ^ H gO, prisms, 
is soluble in 340 parts, and the sodium salt, 
NaA-f 2 H 2 O, scales, in about 94 parts of water 
at 19". It dyes silk and wool golden -yellow, but 
has no technical value. 

NlTK()-a-NAPHTIlons(TLPHONIO ACJDS. 

(i) 2-Nitro-a-naphthol-4-sulphonjc Acid 
can be obtained from the corresponding ethyl 
ether by hydrolysis with caustic potash solution. 
The basic barium salt, BaA-pHgO, is very 
sparingly soluble ; the yellow potassium and 
orangt! basic potassium salts form needles easily 
soluble in water. When its salts are heated with 
hydrochloric acid under pressure at 150-160", 

2 - nitro-a-Tvaphthol is obtained (Witt and 
Schneider, ibid. 1901, 34 , 3189). 

(ii) 2-Nitro-a-naphthol-7-sulphonic Acid, 
formed from diazotised 2-nitro-4-amino-a- 
naphthol-7-sulphoni(! acid by decomposition in 
water with copper powder, crystallises with 
1 HgO in yellow needles. Its copper salt, 
CuAjj-f-SHgO, forms greenish-yellow needles. 
On reduction it yields 2'amino~(i-naphthol~l- 
sulphonic acid (Finger, J. pr. Ohera. 1909, fiil, 
79 , 441). 

(iii) 2:4-Dinitro - a - naphthol -7-sulphonic 
Acid (Naphthol Yellow S, Acid Yellow S) is 
formed by nitration of a-naphthol-7-8ulphonic 
acid (Bender, ibid. 1889, 22 , 996), or of a mixture 
of a-naphthol-2:7- and 4:7-di6ulphonic acids 
(Levinstein, B.P. 5692, 1882; Leonhardt, B.P. 
11318, 1887), or of a-naphthol-2:4;7-tri8ulphonic 
acid (Badische, G.P. 10785 ; Hdchst, G.P. 22645 • 
B.P. 2178, 1882). 

Preparation . — (1) To the solution obtained 
by diluting the trisulphonation melt from o- 
naphthol (10 kg.) with water to 100 litres, nitric 
acid, p 1-38 (26 kg.) is added below 50". From 
the solution dinitro-a*naphtholsulphonic acid 


separates in needles, the mother-liquors con- 
taining other unidentified nitration products. 

(2) The mixed a-naphiholdisulphonio acids of 
Lconhardt’s B.P. 11318, after (conversion into 
nitroso-comptninds by action of sodium nitrite, 
are nitrated at 50" with nitric acid in the pro- 
portion 25 kg. to every 10 kg. of a-naphihol 
sulphonated. 

Salts . — The arid crystallises from hydrochloric 
acid in yellow needles. The barium and basic 
potassium, KgA, salts are very sparingly scduble ; 
the acid 'potassium, KA, basic sodium, Na 2 A, 
and ammonium salts are orange -yellow and 
readily soluble in waiter. It is a strong* acid, 
possesses considerable tinctorial power and is 
used as a j’^ollow dye for wool. 

Reactions . — By oxidation with nitric acid 
(p 1-35) it gives 4-sulphophthalic add. With 
hypo(dilorite it is rapidly oxidised in the cold 
to 4-sidphophlhalic acid and chloropicrin (8cye- 
wetz and Chaise, Bull. Soc. chim. 1927, jiv], 41, 
196). It may be reduced to yield 2-nil, ro-4- 
amino-a-tutphthol-l-sulj)honic acid (Fingc'r, l.r.) 
by stannous chloride in hydrochloric! a<!id, but, 
ill ammoniacai solution with sodium sulphide, it 
gives the isomeric; 4-nitro-2-amino-a- napldhol-1 - 
sulphorilc acid (Gescllsch., G.P. 189513; B.l\ 
7535, 1900). 

(iv) 2:4- Dinitro- a- naphthol -8-suIphonic 
Acid (Biilhaiit Yellow) is formc'd when the 
nitroHO derivative of sodium a-najdithol-H-sul- 
phoiiic acid in dilute sulphuric acid solution is 
mixed with nitric; acid in the cold, finishing at 
100"; or when sodium a-naphthoI-2:4:8-tri- 
sulphonate, divssolved in sulphuric acid, is mixed 
with nitrosiilpJiuric acid at 20° (Drcsscl and 
Kothc, Ber. 1894, 27, 2145). 

I Properties . — The potassium salt, KA-fHgO, 
t and the sodium salt, NaA, form sparingly 
soluble yellow needles, and in an acid bath dye 
silk and wool a more oranges shade than that 
produced with the isomeric 7-8ulphonic acid. 
As a dyestulf it has no technic;al value. 

j3-Naphthol. 

)9-Naphthol {2-hydroxynaphthcLlene) is the most 
important technical intermediate product pre- 
pared from naphthalene. Not only is it used 
for the production of dyes and pigments by 
coupling with diazotised bases, but also for the 
manufacture of jS-naphthylamine, of several 
jS-naphtholsulphonic acids, and of the important 
2;3-hydroxynaphthoic acid {q.v.). It is manu- 
factured by fusing sodium naphthalene-j3- 
sulphonate with caustic soda. 

Manufacture . — Caustic soda (10 parts) is 
melted with a small quantity of water, in a cast- 
iron vessel fitted with a stirrer, at 270-300", and 
sodium naphthalene-^-sulphonate (about 20 
parts), which may contain a small proportion of 
water, is charged in over a period at the same 
temperature. The fusion is finished off at about 
300" and the melt then dissolved in the minimum 
amount of water. At this stage some solid 
^dium sulphite may be recovered. The liquor 
is neutralised, finally acidified with sulphuric 
acid and then run off from the separated ft- 
naphthol, which after being washed thoroughly 
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with water is then dried and distilled under 
reduced pressure. Instead of sulphuric acid, 
sulphur dioxide may be used to “ split ” the 
diluted caustic melt, the sulphur dioxide being 
generated by using recovered sodium sulphite to 
neutralise the sulphuric acid in the sulphonation 
of naphthalene. There is some tarry residue 
from the distillation ; this is said to be increased 
by the presence of iron salts or j3-sulphonate and 
especially by naphthalene-j3-8ulphonic acid in the 
j3-naphthol (Troitzki and Blagovestschenski, 
Prom. Org. Chem. 1937, 8, 89). 

To avoid oxidation, which occurs during alkali 
fusion of sulphonic acids in open vessels (Boswell 
and Dickson, J. Amor. Chem. Soc. 1918, 40, 
1787), the fusion may be conducted in caustic 
soda solution of p 1-384 in an autoclave at 300- 
330° for 10-12 hours (Aktienges., F.P. 469040, 
J.S.C.I. 1914, 33, 955), or with 10% caustic soda 
at 300° for 30 hours (Willson and Meyer, Ber. 
1914, 47. 3162), or by adding hot (100°) con- 
centrated aqueous solution of naphthalenc-y8- 
sulphonate to fxised caustic soda in a covered 
vessel at 300°. The addition of 1-2% sodium 
carbonate during fusion is said to prevent over- 
heating and charring (Zakharov, B. 1929, 274). 
Oxidation is prevented by avoiding iron vtvssels 
and working under air-free conditions (May, 
J. Amer. Chem. Soc. 1922, 44, 650). The 
presence of sodium bisi^Iphate in the crude 
naphthol leads to formation of ^^'-dinaphthyl 
ether on distillation (Rodionov and Manzov, 
J.S.C.I. 1923, 42, 509 t). 

Properties, — )3-Naphthol crystallises in scales 
or rhombic tables, m.p. 122-0“122-2°, b.p. 
294*85°/760 mm. (Berliner, May and Lynch, 
J. Amer. Chem. 8oc. 1927, 49, 1012). It is 
readily soluble in organic solvents or in aqueous 
caustic alkali solution ; sparingly soluble in hot 
water. It sublimes, and can be distilled in 
superheated steam. It has antiseptic properties. 
The sodium, m.p. 120°, and potassium naph- 
thoxidc, m.p. 38-40°, crystallise in scales (Mcl- 
drum and Patel, J. Indian Chem. Soc. 1928, 5, 
•91). 

Reactions . — ^^-Naphthol couples readily with 
diazotised bases and is used as an end com- 
ponent for the production of azo-dyes, either 
in substance or on the fibre. With nitrous acid 
it forms nitroso-p -naphthol {see naphthaquinone- 
oximes, p. 385a), or, in ethereal solution, 1:6- 
dinitro-P-naphthol, which is also a product of 
direct nitration in acetic acid (Bell, J.C.S. 1932, 
2732). By sulphonation, mono-, di-, and tri- 
sulphonic acids may be prepared. Distilled with 
zinc dust it yields p-dinaphthyhne oxide (Brass 
and Patzelt, Ber. 1937, 70 [B], 1349). 

Oxidised with alkaline permanganate, it yields 
either o-carboxycinnamic acid or phtkalonic add 
(Henriques, ibid. 1888, 21, 1618), but fused with 
caustic alkali and copper oxide, or hydrated 
manganese peroxide, it gives phthalic and benzoic 
acids. When oxidised with peracetic acid, in 
10% acetic acid at below 40°, it yields 80% of 
o-carboxyallocinnamic acid (Boeseken and von 
Kdnigsfeldt, Rec. trav. chim. 1935, 64, 313). 
On oxidation with ferric chloride it yields 1:1'- 
di-p-naphthol [q.v.), with intermediate formation 
of basic iron salts (Joiffe, J. Gen. Chem. Russ. > 
1937,7, 2710; A. 1938, 182). 


Heated with ammonia and ammonium sul- 
phite at 100-150° under pressure it yields )3- 
naphthylamine — the reaction with ammonia can 
also be conducted catalytically over alumina at 
430-445° (Howald and Lowy, Ind. Eng. Chem. 
1923, 15, 397) — or with acetamide it yields 
acet-^-naphthalide or with aniline H-phenyl-^- 
naphthylamine. With jS-aminoothyl alcohol in 
presence of aqueous sqdiura bisulphite at 90° 
it gives ry-hydroxyethyl-2-aminonaphthMene, m.p. 
51° (I.C., B.P. 442310). 

Cbndensed with aldehydes, sulphur chloride, 
benzyl chloride, etc., it gives resinous com- 
pounds (I.G., B.P. 327713; Bakelite, B.P. 
468391). With dimethylolcarbamide it gives 
di-p-naphthyldim,ethylcarbamide, which, boiled 
with hydrochloric acid, yields a^-di{2-hydroxy-\- 
naphthyl)ethane (De Diesbach et al., Helv. Chim. 
Acta, 1931, 14, 355). 

Naphthol condenses with carbon disulphide 
in presence of alkali and a solvent such as 
acetone to give 2-hydroxy -l-dithionaphthoic acid, 
m.p. 99°, which can be used as a rubber vul- 
canisation accelerator (Wingfoot Corp., B.P. 
551305; cf. U.8.P. 2289649, 1942). 

It forms basic salts when boiled in carbon 
tetrachloride with metallic chlorides such as 
WCl2(OCioH7)4 with tungstic chloride (Funk 
and Baumann, Z. anorg. Chem. 1937, 231, 
264). It gives molecular compou7ids with 1- 
chloro-2:4-(Hniirobenzene, deep yellow crystals, 
m.p. 91° ; with 2:4-dinitrotoluene, m.p. 74*5° ; 
with trinitrohenzene, ycdlow needles, m.p. 158° 
(Buehler, Hiscy, and W'ood, J. Amer. Chem. 8oc. 
1930, 52, 1939). 

Colour Reactions . — An aqueous solution of jS- 
naphthol with bleaching-powder solution gives 
a pale yellow coloration disappearing on addition 
of excess ; with ferric chloride solution, a pale 
green coloration changing to a white precipitate 
of j5)3'-dina})hthol. Warmed with strong caustic 
j potash solution and chloroform at 50°, it gives a 
, Prussian blue coloration which gradually fades 
through green to brown. With sodium it gives 
(a.s distinct from a-naphthol) a deep blue colour 
(Kunz-Krause, Chem.-Ztg. 1923, 47, 646). 

Tests . — Commercial /9-naphthol is a creamy 
white powder or flakes. Its crystallising point 
shcmld not be below 120-5° and a-naphthol 
content not above 0-1%. 

Estimation . — This may bo done either by 
titration in alkaline solution with a standard 
solution of a diazotised base, or by addition of 
excess standard iodine (a tri-iodo derivative is 
formed) to the alkaline solution and back 
titrating the excess iodine, after acidification, 
with sodium thiosulphate. For methods of 
estimating a-naphthol in )3-naphthol, see Callan, 
J.S.C.I. 1925, 44 , 125. 

)S- Naphthyl Methyl Ether {Nerolin), pre- 
pared by heating j3-naphthol (5 parts) dissolved 
in absolute methyl alcohol (5 parts) with sul- 
phuric acid (2 parts) forms scales, m.p. 72°, b.p 
274°, is sparingly soluble in alcohol and has an 
odour of orange flowers. It reacts with o- 
phthaloylchloride in carbon disulphide to give 
o-2-methoxy‘l-naphthoylbenzoic acid, m.p, 196- 
196°; and in tetrachlorethane to give 1:8- 
phthalyl-P-naphthol, m.p. 199-200'' (Knapp, 
Monatsh. 1932, 60 , 189). 
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j9-Naphthyl Ethyl Ether, prepared by 
reaction of j8-iiaphthol with ethyl alcohol in 
presence of sulpluirit; acid, has m.p. 37°,b.p. 282^', 
is readily soluble in alcohol, and has an odour 
of pineapple. On nitration it yields l-nitro-p- 
ethoxyna 2 )lithahne, ni.p. 104°, as major product, 
with some ii-nitro-^-ethoxynaphihahne, m.p. 114° 
(Gaess, J. pr. Chem. 1891, [ii], 43, 22). 

jS-Naphthyl Phenyl Ether, m.p. 40°, is 
obtained when a solution of sodium j3-naj)h- 
thoxide in j8-naphthol is heated with chloro- 
benzene under pressur('. at 200-220° (Fritzsch(‘, 
G.P. 269543; B.P. 9797, 1913). 

jS)3'-Di naphthyl Ether, m.p. 105°, is formed 
by boiling jS-naphthol for some hours with 50% 
sulphuric acid (Gracbe, Ber. 1880, 13, 1850), or 
by heating )3-naphthol with phosj)horus penta- 
ehloride (1 mol.) at 100° for 2 hours (Berger, 
Compt. rend. 1905, 141, 1027). Other ethers 
are described by Kirner and Bichter, ,). Amer. 
Chem. Soc. 1929, 51, 3409. Many naphthyl 
ethers may be identified as pi crates {see Dermer, 
J. Org. Chem. 1938, 3, 289). 

)3)3'-Dinaphthyl Carbonate, m.p. 176-177°, 
obtained by action of phosgene on sodium )9- 
riaphthoxide, forms needles, sparingly soluble in 
alcohol. On sulphonation it yields a mixture of 
p-naphtholS; -7-, and -%-sidph(mic acids (Hcv(‘r- 
din and Kauffmann, Ber. 1895, 28, 3057). 

naphthyl Sulphite is obtained when 
)S-naphthol dissolved in carbon disulphide is 
heated with thionyl chloride in presence of 
pyridine (Badischc, G.P. 303033). 

)3- Naphthyl Acetate, m.p. 70°, obtained by 
heating )9-naphthol with acetyl chloride, or with 
acetic acid at 240°, is sparingly soluble in water 
and is hydrolysed on distillation in steam {see 
Leman, Compt. rend. 1936, 202, 579). 

)S-Naphthyl esters of aromatic carboxylic acids 
by interaction wdth acid condensing agents, such 
as aluminium chloride, are converted into a- 
aroyl-jS-naphthols ; thus )3-naphthyl benzoate 
gives l-henzoyl-2-naphthol (Hochst, B.P. 248791). 

j3-NAPHTHOLSULPirONIC AciDS. 

The common method for the preparation of 
the greater number of the jS-naphtholsulphonit; 
acids is sulphonation of )3-naphthol. With a 
limited proportion of sulphuric acid the first 
product at low temperatures is jS-naphthol-l- 
sulphonic! acid. With temperature rising to 
60-60°, the 6-, 7-, and 8-8ulphonic acids are 
formed, the 8-acid predominating, the 7- only 
in traces. At 90-100° the )S-naphthol-6-sui- 
phonic acid predominates. Using a larger pro- 
portion of sulphuric acid, disulphonic acids arc 
formed, the 6:8-disulphonic acid predominating 
at lower temperatures (60-80°), the 3:6-di8ul- 
phonic acid at higher temperatures (120-130°), 
but the reaction always produces a mixture in 
which )3-naphthol-6-sulphonic acid is never com- 
pletely absent. Under still more drastic condi- 
tions, using an excess of 20% oleum, first the 3:6:8- 
trisulphonic acid and later the l:3:7-tri8ulphonic 
and the l:3:6:7-tetrasulphonic acids are produced 
(Vorontzov and Sokolova, B. 1937, 1018). 

j8-Naphthol-7-sulphonic acid, which is best 
prepared from naphthalene-2: 7-disulphonic acid 
by fusion with caustic soda, gives the 1:7- and 
3: 7-disulphonic acids on further sulphonation, 


followed by the l:3:7-triHul})honc acid and 
]:3:6:7-t<draHidphonic acids on still more drastic 
sulphonation wnth oleum. 

The composition of the mixtures of sulphonic 
acids formed is, to some extent, probably 
governed by an ecpiilbrium, (h'pendent on tem- 
perature, set up comparatively slowly. The^ 
relationship between these acids is shown in 
the scheme given on the opp ); i' e p ige. Ih'spito 
the general rul(‘ of prefenmiial substitution 
in the a-position, the sul])honic acid radi(“al 
is not found in either the 4- or 5-positiori in any 
of the products of sulplionation of ^-naphthol. 
With reference to tin* 1 -position, of the four acids 
obtained from j8-naphthol-7-sulphonic a<'id by 
sulphonation, the tlux'c containing a sulphoni<r 
group in this position are fornuHl under an- 
hydrous conditions. 

Sulphonation of /3-naphthol with chlorosul- 
phonic acid follows a diff('rent main I’ouie. At 
ordinary temperatures the ehi{‘f moriosul- 
phonation product is /^-naphtlud- 1 -sulphonic. 
acid ; at 130°, in tetrachlorethane, )3-na})hthol-6- 
sulphonic acid. With excess of chlorosulphonie 
acid, at ordinary temj)erat.ures, /3-naphthol-l :(>- 
and 1 :5-disuly)honyl (‘hlorides an' formed; at 
1 30-140°, /3-naphthol-3:6:8-trisul})honyl chloride 
(Poliak, Gcbauer-Fulnegg and Blumenstock- 
Halward, IMonatsh. 1928, 49, 187; 1929, 53-54, 
83; Poliak and Blumenstock-Halw^ard, ibid. 
1928, 49, 202). 

Addition of boric acid during sulphonation 
with sulphuric a(‘id favours formation of the 1 - 
sulphonic acid ; 0*33 mol. of boric acid per mol. 
naphthol gives the maximum eflect. Disul- 
phonation at 0° in presence of boric acid gives 
the l:6-diHulphonic a(ud in good yield (Kngel, 
J. Amer. Chem. Soc. 1930, 52, 2835 ; cf. Crossley 
and Simpson, U.S.P. 1570046). 

Because sulphonic groups in an a-position are 
preferentially replaced, the methods most widely 
used in preparation of a-naphtholsulphonic acids 
cannot be aj)plied generally to the preparation 
of jS-naphtholsulphonic acids. Thus alkali 
fusion can only be used with naphthaleno-2:6- 
and 2:7-di8uIphonic acids to prepare )3-naphthol- 
sulphonic acids, hhirther, exchange of the 
amino-group for hydroxyl is of limited use in the 
jS-scries because the jS-naphthylaminesulphonic 
acids are themselves prepared from the j8- 
naphtholsulphonic acids. 

The jS-naphtholsulphonates are well defined 
and comparatively easy to separate from mix- 
tures. The formation of arylamine salts has 
been suggested as a special method of separation 
and characterisation, as these salts have sharp 
melting-points (Foster and Keyworth, J.S.C.I. 
1927, 46, 29 t). 

The chief uses of jS-naphtholsulphonic acids 
are the preparation of )9-naphthylaminosul- 
phonic acids and in the manufacture of ortho-sbzo 
dyes. The position of the sulphonic groups 
affects the colour of the compounds formed on 
coupling with diazotised bases {see Crossley and 
Resen velt, Ind. Eng. Chem. 1924, 16, 271). 

jS-Naphtholsulphonic acids give tanning agents 
with halogenated aralkyl halides (LG., B.P. 
320066) and with formaldehyde (Badische, G.P. 
409984; Deutsch.-Koloniale Gerb.- and Farb- 
stoff-Ges,, G.P. 306132). 
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j8-NAPHTHOL Monosulphonio Acids. 

The technically valuable jS-naphtholmonoBul- 
phonic acids are the 1-, 6-, 7-, and 8-isomers. 

(i) j3-Naphthol-l-sulphonic Acid {Oxy- 
Tobias acid, Armstrong Acid) is the main pro- 
duct, along with a small proportion of the 8- 
sulphonic acid, of the sulphonation of ^-naphthol 
with 90% sulphuric acid at 35-45°, or at lower 
temperatures {see Nat. Aniline and Chemical 
Co., U.S.P. 1913748). It is isolated, after 
neutralisation with lime i^i^nd separation of the 
gypsum, by salting out or precipitation as the 
sparingly soluble basic barium salt (Tobias, 
G.P. 74688). It is manufactured by the action 
of sulphur trioxide below 16°, or of chlorosul- 
phonic acid below 10°, on ^-naphthol suspended 
in an inert liquid, such as o-nitrotoluene (Du 
Pont, U.S.P. 1662396; 1716082). 

Identification. — Both basic and normal salts, 
except the basic barium salt, are easily soluble 
in water. The normal barium salt, 
BaA24-2C2H60H, 

potassium salt, KA, and sodium salt, NaA, 
crystallise from alcohol in scales ; the disodium 
salt, in scales, shows no 

fluorescence in aqueous solution. Neutral solu- 


tions of the salts give an indigo-blue coloration 
with ferric chloride ; acid solutions hydrolyse to 
^-naphthol on heating. 

lieactions. — With sulphuric acid at 60-60°, 

- naphthol - 6:8 - disulphonic acid is formed. 
Heated with 20% ammonia at 220-230°, it 
yields P-naphthylamine-l-sulphonic acid. The 
latter may also be prepared by the bisulphite 
reaction, but the product obtained by saturating 
I the disodium salt with sulphur dioxide is not a 
sulphurous ester of the Buchercr type (Voros- 
chov and Kasatkin, Bor. 1929, 62 fB], 57). 

With diazotised bases in concentrated alkaline 
solution, coupling occurs in the 1 -position, the 
I sulphonic acid group being eliminated. Coupled 
in neutral or faintly alkaline solution, inter- 
I mediate products are formed with certain 
t diazotised bases, such as p-nitrodiazobenzene. 

I These were formerly regarded as diazo-oxides 
(Bucherer and Tama, J. pr. Chem. 1930, [ii], 
127 , 39), but have been shown by Rowe and his 
collaborators to be sodium l-arylazo-[p~]naphtha‘ 
quinoneA -sulphonates. A freshly prepared alka- 
line solution of these intermediate products on 
acidification gives the azo-dye, with elimination 
of the sulphonic group, but certain of them (from 
^-nitrodiazobenzene, etc.), after standing in 
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alkaline solution, give, on acidification, complex 
phthaJazine derivatives. 



For this reaction it is essential that a free 
hydroxyl group shall o(;oupy the 2-position 
if replaced by amino-, methoxy-, or bromo-, no 
reaction occurs (J.C.S. ]92(), fiOO; 1028, 2550, 
2556; 1031, 1073; 1032, 11, 473, 1118; 1935, 
1253,1790; 1036, 1008, 1704 ; 1037,00). 

P^Naphthol-l-fiulpho7iyl chloride, m.p. 124"^, 
has been obtained by dcacetylation of the acetyl 
derivative (Anschutz and Maxim, AnimJen, 1018, 
416, 89). 

Estimation. — )3-Naphthol-l-sulphonic acid may 
be estimated by bromopotentiometri(i titration 
(Harland, Fonester, and Bain, J.B.C.I. 1931, 
50, IOOt). 

(ii) j3-Naphthol-3-sulphonic Acid has been 
prepared from 2-methoxy-3-naphthoamide b 3 ^ 
conversion into 2-methoxy-3-aminonaphthalen(' 
and thence, through the sulphinic acid and the 
sulphonic acid, to the 2-methoxynaphthalene-3- 
sulphonic acid which is readily demethylated 
(Holt and Mason, J.C.S. 1931, 378). 

. Identification . — The feebly alkaline solution 
shows a blue fluorescence, and the acid and its 
salts give a blue colour with ferric chloride. 
The sodium salt, NaA-f-HgO, crystallises in 
plates ; the aniline salt melts at 241-242°. The 
amide, yellow, melts at 110°. 

Reactions . — It couples with diazotised bases 
to form dyes giving deeper shades than those 
from the 6 -sulphonic acid. 

(iii) j3-Naphtho)-4-sulphonic Acid may be 
obtained from )5-naphthylamme-4:8-di8ulphonic 
acid by hydrolysis with water or 10% sulphuric 
acid under pressure at 170-185° (Kalle, G.P. 
78603). It may also be obtained from diazotised 
I-amino-2-naphthol-4-8ulphonic acid by re- 
duction with glucose, or with sodium sulphide 
(Masschalk, Bull. Soc. chim. 1929, [iv], 45, 651), 
or by boiling with absolute alcohol /Morgan 
and Jones, J.S.C.I. 1923, 42, 97t), or from 2- 
naphthol-l:4-disulphonic acid (Krebser and 
Vannotti, Helv. Chim. Acta, 1938, 21, 1228). 

Reactions . — Heated with ammonia under 
pressure it gives p-naphthylamineA-sulphonic 
acid. Digest^ with 60% caustic soda at 230- 


280° it yields o-tolvic acid (Kalle, G.P. 79028), 
When the o-acyl derivatives are nitrated, a 
mixture of 6- and 7-w7ro-compounda is formed 
(Geigy, B.P. 553535, 1941). The 0-nitro deriva- 
tive is described by Iluggli (Helv. Chim. Acta, 
1929, 12, 1042). It couples with diazotised 
bases (I.G., B.P. 292344). 

(iv) j3-Naphthol-5-sulphonic Acid has 
been pieparcd from )S-naphthylamirie-5-8ul- 
phonic acid by the diazo-reaction (Dahl, B.P. 
7712, 1884; Claus, J. pr. Chem. 1889, [iij, 49, 
315). It forms azo-dyes which are not com- 
mercially important. Fused with caustic soda 
it gives T.O-dihy dr oxy naphthalene. 

(v) )9-Naphthol-6-sulphonic Acid (Schaffer 
Acid) is obtained as main product of the sul- 
phonation of jS-naphthol with sulphuric acid at 
J00° (Armstrong, Ber. 1882, 15, 201). It is the 
chief product ol' sulphonation of jSjS'-dinaphthyl 
ether at 90-100° (Bronner, B.P. 3606, 1883). It 
has also been obtained by fusion of sodium 
naphthalciic-2:6-djsulphonate with caustics alkali, 
or from j8-naphthylaminc-6-sulphoiiic acid by 
the bisulphite method (Badische, G.P. 134401). 

Prc])aration. — j8-Naphthol (I mol.) is stirred 
with monohydrate (2 mol.) at 100° until sul- 
phonation is completes The product is drowned 
in water, the solution neutralised with lime, 
filtered from gypsum, converted into the sodium 
salt with sodium carbonate, filtered from cal- 
cium carbonate and tlu^ filtrate salted to 20% 
with common salt, after concentration if noees- 
sary. The sodium salt of jS-iiaphtliol-O-sulphonic 
acid is precipitated leaving 3:6-diHu]j)honato 
(It-salt) in solution. If the sulphonation is 
carried out at a lower temperature, or with loss 
acid, the by-product left in solution is ehiofiy 
P-naphthol-H-sulphonate (Fierz- David, Farben- 
ehemie, 1938; see Vorontzow, J. Chom. Irid. 
Huhs., 1930, 7, 1287; B. 1932, 138). 

Identification . — 'The acid forms easily soluble, 
noii-deliquesceiit scales with IHgO, m.p. 125°. 
The anhydrous atnd has m.p. 167° (Engel and 
Hutchinson, J. Amer. Chem. Hoc. 1930, 62, 211). 
Most of the salts of this add crystallise in plates. 


Salt. 

Water of 
cryfltaJlisation, 
mol. 

Solubility, g. salt 
in 100 c.c. solution 
at 20^ 

NaA . . 

2 

about 1-7 

MgA^ . . 

8 

0-96 

BaAj . . 

6 

'1*74 

ZnAjj . . 


0*87 

MnAg . 

8 

1-20 

CoA^ . . 

8 

0-60 

NiA^ . . 

8 

0-53 

PbAg . . 

6 

F81 


(Ephraim and Pfistor, Helv. Chim. Acta, 1925, 
8 , 229). 

In aqueous solution the salts show a blue 
fluorescence and give a pale green coloration 
with ferric chloride. With nitric acid, solutions 
of the salts become carmine-red owing to the 
formation of an indophenol derivative of 
[j3-]naphthaquinone, which has been isolated 
(Nietzki and Knapp, Ber. 1897, 80, 187). 

Reactions . — With diazotised bases azo-dyos 
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are formed. With nitrous acid l-riitroso-^ 
naphthol-Q-sulphonic acid is formed which, with 
ferric c^hloride, gives a valuable Naphthol Oreen. 
With nitric acid in presence of sulphuric acid 
some }-nitro derivative is formed, but the main 
product is a dinitro derivative, (hi sul})honation 
with mon ohydra te, ^-naphthol- 3 : 0-d in u 1 phonic 
acid is formed. By the bisulphite reac^tioii, or 
by heating with ammonia alone under pressuns 
P-naphthylamine~()-SiiIpho7iic acid may be pre- 
pared. Fused with caustic soda 2:ij-dihydro.ry- 
naphthaleae is obtained. By oxidation with 
aqueous ferric chloride, 2'.2'-d,ihyd/ro.ry-\\V- 
dinaphth7iUQ>\iV-disul phonic acid is formed (Joffc, 
J. Gen. (5hem. Russ. 1935, 5, 877, 950; A. 1930, 
67). 

Derivatives. — The phenyl ester, needles, m.p. 
13F; amide, scales, m.p. 237-239''; dimethyl- 
arnide, scales, m.p. 125"; and anilide, needles, 
m.p. i()l", have been obtained from the {*orre- 
sponding derivatives of l-carboxy-jS-na,phthol- 
G-sulphonyl chloride by elimination of carbon 
dioxide (Bayer, G.P. 278091). 

(vi) j3-Naphthol-7-sulphonic Acid (F- 
acid) is a produtit, along with the 0-sulphonic 
acid, of sulphonation of ^-naphthol with mono- 
hydrate at 100-130" but this is iK)t a method 
for its manufacture. It can Ik* obtained from 
/3-naphthylamine-7-Hulphonic acid by the bi- 
sulphite method (Buclurcr, .1, i)r. Oliern. 1901, 
[ii], 69, 73). 

PrepnraUon. — Sodium iiapbtfiulen(s2:7-disul- 
phonatc is digested with four times its weight 
of 50% caustic soda solution uiultT pressure at 
225" for 10 hours. From the solution of the 
melt in twice its weight of wati’r, after it has 
boon acidified and boiled to nunove sulphur 
dioxide, sodium )9-naphthol-7-sulj)]ionate <‘rystal- 
liaes in the cold (('asseJla, (LP. 42112; B.P. 
12908, 1886). If a crude mixtun^ of sodium 
naphthaleiio-2:6- and 2:7-disulphonate is u.sed 
for this preparation, th(^ 0-sulphonate may be 
removed by salting out its l(‘ss soluble sodium 
salt from alkaline or acid solution (Cassella, G.P. 
45221). 

Ide^itification. — ^Tho acid forms hydrated 
needles, in.]>. 89", readily soluble in water or 
alcohol ; the barium salt sparingly soluble 
prisms, the magnesium salt, MgAg+S^HgO, 
scales; the potassium salt, KA+HgO, readily 
soluble rhombs ; the sodium salt, NaA-|-2iH20, 
large scales soluble in 12-5 parts of water at 15°. 
In alkaline solution the salts show a pure blue 
fluorescence, and in neutral solution give a dark 
blue coloration with ferric chloride. 

Reactions. — It couples with diazotised bases 
forming azo-dyes. With nitrous acid it gives 
1 -nitroso-p-naphtfhol-l -sulphonic acid, convertible 
into a Naphthol Green by iron salts (Cassella, l.c.). 
On sulphonation with ehlorosulphonic acid it 
yields p^naphthol-hl -disulphonic acid, but with 
sulphui’ic acid at 120°, the S’.l -disulphonic acid. 
By the bisulphite method, or hefited with 20% 
ammonia at 250°, it is converted into ^-naphthyl- 
amine-l -sulphonic acid ; with dimcthylamine at 
220°, the product is dimethyl-^-naphthylamine-1 - 
sulphonic acid. Fused with caustic soda it yields 
2 : 7 -dAhyd/roxynaphthalene. 

(vii) j8-Naphthol-8-sulphonic Acid {Cro- 
ceine Acid) may be obtained pure from p- 
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j naphthylamine-8-8uIphonic acid by the bisul- 
phite reaction (Badische, G.P. 134401). 
j Preparation.— p-^apthol is stirred as rapidly as 
possible into twice its weight of sulphuric ac^d, 
at 50° until dissolved in about 15 minutes (Bayer, 
G.P. 18027; 20397), or at a temperature not 
exceeding 20° over several days (Leonhardt, 
G.P. 33857). It is separated from the O-sul- 
phonie acid, produced at tlie same time, by 
Tieutrali.salion with calcium hydroxide, filtering 
hot from gyjjsum and concentrating the filtrate 
until the 6-sulplionatc crystallises out, whereby 
80% of the ()-sulphonate is removed. The 
remainder may be removed, after conversion to 
the sodium salt, either by coupling with the 
re<juisite amount of diazotised base and salting 
out the dya’i, or, in the laboi’atory, by extraction 
oi' the dried salt with 90% alcohol, in which the 
8-.sul])honatc alone is appreciably soluble. The 
product is obtained as a solution in cither case. 

Jdsntificatlon. — The a<id is hydrolysed in hot 
aqueous solution giving ^-naphthol. It forms 
both normal and basic; salts which are much 
more soluble than the salts of the (i-sulphonie 
acid. The sodium salt forms six-sided scales, 
the basic disodiwm salt, NagA -j- 2 C 2 H 50 H, 
delicjueseent needles from 95% ah;ohol, in which 
it dissolves very easily at the boiling-poijit, but 
only sparingly (I in 100) at 15°; the lead salt, 
PbA 2 i 2.^H20, forms rhombohedra. Unlike 
its isomers it does not give a nitroso-compound. 

Reactions. — It couples with diazt)tised bases, 
but only very slowly, forming valuable azo-dyes. 
Warmed with dilute nitric acid it yields 1:6- 
d ini fro - p - naphthol - 8 - sulphonic arid. On sul- 
phonation with Hiilplnirif' acid below 50°, it gives 
p-nophtholAkH-disulphonic acid. By the bisul- 
phife method, or when houtod with aminonia 
under prci^suiv, it yivlds p-naphthylamine-^-sid- 
phonic acid. Fused with caustic soda it yields 
1:7 -d ihydrox-ynaphihalene. 

^-NArilTHOLDlSULPJlOXU; A(UT)8. 

The technically important ^-naj)hthol(liK\d- 
phonie acids are the 3:6-(R-acid) and (v.8-(G- 
acid) isomers. 

I (i) ^-Naphthol-l:4-d\sulphon\c Acid is 
described (Gcigy, B.P. 485971) as being formed 
by heating an aqueous solution or suspension 
of l:2-amiiionaphthol-4-Hulphonie a(;i(i with 
sodium sulphite in presence of copper, zinc, 
aluminium or their salts. The reaction is 
general wdth ] :2-aminonapiithol8ulplionic acids. 
It is also formed in high yield, when sodium I- 
diazo-2-naphthol-4-sulphonate in aqueous solu- 
tion interacts with 1 mol. of sodium sulphite 
and the resulting orange solution is heated 
(Krebser and Vaimotti, Helv. Chim. Acta, 1938, 
21, 1222). The disodium salt, SHgO, forms thin 
needles ; dipotassium salt six-sided prisms. The 
1 -sulphonic group is readily removed by 
hydrolysis. The 0-ni^ro- compound is known 
I {ibid.). 

(ii) p - Naphthol - 1:5 - disulphonic, Acid 
{sulphonyl chloride, m.p. 177°) is formed by the 
interaction of ehlorosulphonic acid and jS- 
naphthol-5-sulphonic acid (Poliak, Gebauer- 
Fiilnegg et al., Monatsh. 1929, 53-54, 83). 

(iii) p- Naphthol - 1:6 - disulphonic Acid 
is obtained in 90%] yield by sulphonation of p- 
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naphthol-C sulphonic acid with 40% oleum at 
25^’ ; at higher temperatures the 2:6- and 6:8- 
disulphonic acids predominate (Schtscherbats- 
chcv, J. Appl. Chern. Russ. 1935, 8 , 1216; B. 
1936, 181); also from naphthalene- l:2-diazo- 
-oxide-6-suI})honic acid (Krcbser and Vanotti, 

I. c.) ; the etki/l ether has been obtained by sul- 
phonating j3-ethoxynaphthalene or its 6-sul- 
phonyl chloride in chloroform solution with 
ehlorosulphonie acid (Lapworth, Proc. C.S. 1895, 

II, 51). 

Identification. — The normal j)ola,ssium salt, 
K 2 A+H 2 O, crystallises in slender prisms; the 
sodium salt, Na 2 A^ SHgO, in elongated flakes 
(Engel, J. Amer. Phem. Soe. 1930, 52, 2835). 

(iv) ^ - Naphthol - 1:7 - disulphonic Acid 
obtained, either from sodium ^-naphthol-7- 
sulphonate by sulphonation in the cold with 
ehlorosulphonie acid (Dressel and Kothe, Ber. 
1894, 27, 1206), or from ;8-naphthylamine-l:7- 
disulphonic acid by the diazo-reaedion. 

Identification. — The hari'nm salt forms spai- 
ingly soluble needh^s; the ])otassium salt, 
KgA+I^HgO, moderately soluble prisms; the 
sodium salt, very soluble needles. In alkaline 
solution the salts give a pale blue fluorescence. 
It does not couple with diazotised bases. 

Reactions. — Boiled with 10% hydrochloric 
acid, it is hydrolysed to ^-naphthol-l -sul 2 )honic 
acid. Digested with 25% ammonia at 180- 
200°, or by the bisulphite reaction, it yields 
P-naphthylaminC’ 1 : 1 -disulphonic ac id. 

(v) j8-Naphthol-3:6-disulphonic Acid (IV 
dcid) is a product of sulphonation of /3-naphthol 
with three to four times its weight of sulphuric 
acid, the amount formed depending on the 
temperature and duration of the treatment (r/. 
Vorontzov and Sokolova, Anilinokras. Prom. 
1936, 5. 334 ; B. 1936, 440). 

Preparation. — Finely powdered ^-naphthol is 
stirred with four times its weight of sulphuric 
acid, without cooling, and the product heated 
at 120°, with continuous stirring, until a sample, 
on addition of sodium nitrite in excess, no longer 
gives a red coloration (Beyer and Kegel, G.P. 
33916; B.P. 7097, 1884). The R-acid is 

separated, as sodium salt, by pouring the sul- 
phonation mass into brine, the 6:8-di8ulphonic 
acid, formed as by-product, remains in solution 
(Nat. Aniline and Chemical Co., U.S.P. 1880442), 
Alternatively, the solution in water is neutralised 
with lime and the sparingly soluble sodium- 
calcium salt precipitated by addition of caustic 
soda (Calco. Chemical Co. Inc., U.S.P. 1701259). 
Selective crystallisation from aqueous alcohol 
has also been used for the separation of the 3:6- 
from the 6:8-disulphonic acid (Kawaguchi, 
J. Chem. Tnd. Japan, 1923, 6 , 1233; B. 1924, 
504). 

Identification. — The acid forms silky, deliques- 
cent needles, very soluble in water or alcohol; 
the barium salt, BaA+BHgO, needles, soluble in 
12 parts boiling water, but insoluble in alcohol ; 
the sodium salt, aggregates of minute needles 
readily soluble in cold water, but only sparingly 
soluble in alcohol or brine. In aqueous solution 
the salts show a bluish-green fluorescence. The 
readily soluble aluminium salt has been used as 
an antiseptic and astringent, “ AlumnolP 
Reactions. — It couples readily with diazotised 


bases and is an important component of azo- 
dyes. With nitrous acid the l-nitroso derivative 
is formed. On sulphonation with 20% oleum it 
gives ^-naphthol-^iQiS-irisulphonic acid. With 
sodium sulphite in presence of manganese per- 
oxide, it forms P-naphthol-iiZiiy-trisulphonic acid. 
It is not readily hydrolysed, but with 20% sul- 
])haric acid at high temperature it gives j3- 
naphthol-^-sulphonic acid (Friedlandcr and 
Lueht, Ber. 1893, 26, 3029). 

By the bisulphite reaction, or when heated 
with ammonia under pressure, it yields jS- 
napkthylamine-‘S:<d-disulphonic acid. Fused with 
(caustic soda at 220-240°, it gives 2:’S-dihydroxy- 
naphthalene-fi- sulphonic acid. It is readily mono- 
brominatod by bromine water and this reaction 
may be used as the basis of a method of esti- 
mation in presence of the 6:8-disulphonic acid 
(Forrester and Bain, J.S.C.I. 1930, 49, 410t). 
Condensed with Miehler’s hydrol followed by 
oxidation it forms a valuable green acid wool dye. 

(vi) /9-Naphthol-3:7-disulphonic Acid is 
formed when sodium j8-naphthol-7-8ulphonate 
(1 part) is heated with sulphuric*, acid (2 parts) 
at 120* for about 12 hours, or with 3-4 parts of 
the acid on a water bath (Dressel and Kothe, 
Ber. 1894, 27, 1206). It can also be obtained by 
partial hydrolysis of j9-naphthol-l:3:7-tri8ui- 
phonic acid with 10% hydrochloric acid. 

Identification. — The normal barium salt, 
BaA-f^^HgO, forms small prisms soluble in 
185 parts boiling water ; the sodium salt, Na 2 A, 
is soluble* in 100 parts of 80% alcohol and very 
soluble in water, the solution showing green 
fluorescence (Weinberg, ibid. 1887, 20, 2911). 

Reactions. — It couples wdth diazotised bases 
forming azo-dyes. On sulphonation with 26% 
oleum at 80-90° it yields p-naphthol-hiiil -trisul- 
phonic acid. With 20% sulphuric acid at a high 
temperature it is hydrolysed to ^-naphthoUl- 
sulphonic acid. By the bisulphite reaction or 
with 25% ammonia at 200° it yields p-naphthyl- 
amine-'i:I -disulphonic acid. Fused with caustic 
soda it yields 2:1 -dihydroxy naphthalene-^ -suU 
phonic acid. 

(vii) - Naphtbol - 4:7 - disulphonic Acid 
has been prepared by boiling diazotised )3- 
naphthylamine-4:7-disulphonic acid with water. 
Heated with aniline and aniline hydrochloride 
at 160-170° it yields l:S-dianilinonaphthalene-6- 
sulphonic acid (Bayer, G.P. 77866; B.P. 
16780, 1893). 

(viii) Naphthol - 4:8- disulphonic Acid 
has been obtained from j3-naphthylamine-4:8- 
disulphonic acid by the diazo-reaction. The 
calcium salt forms prisms. A solution of the 
sodium salt shows a blue fluorescence. 

Reactions. — In concentrated solution it couples 
with diazotised bases to form azo-dyes. On 
desulphonation with zinc dust and boiling dilute 
caustic soda, it yields both p-naphthol-4- and -8- 
sulphonic acids (Kalle, G.P 233934). Digested 
with aniline and aniline hydrochloride at 160- 
170°, it yields l:3-dianilinonaphthalene-5»suU 
phonic acid. 

(ix) j3-Naphthol-6:7-disulphonic Acid is 
reported to have been prepared from the corre- 
sponding )3-naphthylamine-6: 7 -disulphonic acid 
by the bisulphite method (Buoherer, J. pr. 
Chem, 1904, [ii], 70, 347), 
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(x) jS-Naphthol-6:8-disulphonic Acid (G- 

acid) has been prepared from /3-naphthylamine- 
(5:8-disulphonic acid by the diazo-reaction, or by 
sulphoiiation of j8-naphthol-8-sulphonic acid. It 
is also a product of sulphonation of jS-naphthol 
at a moderate temperature. 

Preparation. — Finely powdered jS-naphthol is 
added slowly to three times its weight of mono- 
hydrate, while the temperature is kept below 
35® by cooling. The mixture is stirred at 35° 
for some hours until a test shows complete solu- 
bility in water. It is then poured into a 
relatively small quantity of water, converted to 
the calcium salt, using lime, and thence to the 
potassium salt, which crystallises in presence of 
mineral acid from the more soluble R-salt. The 
yield is about 55% of the theoreti(!al. The 
R-salt may also be separated by selective ; 
coupling with a diazo-compound and salting out 1 
as the azo-dye ; the G-acid remains in solution 
{see Vorontzov and Sokolova, Anilinokras. Prom- 
1935, 5, 334 ; B. 1930, 440 for the conditions of 
sulphonation, and Masters, B.P. 210120 for 
method of isolation). 

Identification. — With the notable exception of 
the potassium, salt which dissolves in 2-3 parts 
boiling water and is of relatively low solubility 
in (H)ld water, and of the ammonium salt, the 
salts of pure G-aoid are much more soluble in 
water than the corresponding salts of R or 
Schaffer acids. 

Reactums. — It couples only slowly and in con- 
centrated solution with diazotised bases, but it 
forms valuable azo-dyes. Sulphonated with 
20% oleum it yields p-naphthol-'M&.S-trisulphonic 
acid. It is not readily hydrolysed by boiling 
dilute mineral acids, but at higher temperatures, 
or with sodium amalgam in the cold, it gives jS- 
ndphtholS-sulphonic acid. By the bisulphite 
method, or with ammonia under pressure, 
it gives P-naphthylamine-Q’.H-disulphonic acid. 
Fused with caustic soda at 200-230° it gives 
l:l-dihydroxynaphthalene-S-sulphonic acid; and 
at 260-320°, hydroxytoluic acid (Hochst, G.P. 
81333). It is not so readily brominated as R- 
acid (Forrester and Bain, J.S.C.l. 1930, 49, 410t). 

jS-NAPHTIIOLTRISULPHONIC AciDS. 

(i) j5-Naphthol-l:3:7-trisulphonic Acid is 
prepared by sulphonating either ^-naphthol-7- 
sulphonie acid or j3-naphthol-3:7-disulphonic 
acid with 25% oleum at 80-90° (Dressel and 
Kothe, Bor. 1894, 27, 1207). 

Identification. — The barium salt is easily 
soluble ; the sodium salt, Nag A, is very soluble 
in water, but only sparingly so in alcohol, gives 
with ferric chloride a violet coloration and, in 
alkaline solution, shows a bluish-green fluores- 
cence. It does not couple with diazotised bases. 

Reactions. — By sulphonation with 40% oleum 
at 120-130° it is converted into )3-naphthol- 
l:3:6:7-tetra8ulphonic acid. Boiled with 10% 
mineral acid it is hydrolysed to jS-naphthol-3:7- 
disulphonic acid. Digested with 25% ammonia 
at 190° it gives /3-naphthylainine-l:3:7-trisul- 
phonic acid. 

(ii) j3-Naphthol-3:6:7-trisulphonic Acid 
has b^n obtained firom )3-naphthylamine-3:5:7- 
trisulphonic acid by the diazo-reaction. It 
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couples with diazotised bases forming azo-dyes 
(Dressel and Kothe, l.c.). 

(iii) ^-Naphthol-3:6:7-trisulphonic Acid 
has been prepared from ^-naphthol-l:3:6:7-tetra- 
sulphonic acid by hydrolysis with water or 
dilute mineral acid ; and from ^-naphthylamine- 
3:6:7-trisulj)honic acid by the diazo-reaction 
(Dressel and Kothe, ibid. 1894, 27, 1209). 

Identification . — The barium, salt is gelatinous ; 
the sodium salt, Nag A, needles, is less soluble 
than its isomers in water, brine, or alcohol, 
gives a violet coloration with ferric chloride, and 
shows, in alkaline solution, a bluish-green 
fluorescence. 

Reactions . — It couples, in alkaline solution, 
with diazotised bases forming azo-dyes. In 
neutral or acid solution it forms salts with tetra- 
azo derivatives of the diphenyl series (Bayer, 
G.P. 92169; B.P. 8995, 1895). Heated with 
26% ammonia, it yields p-naphthylamine-3:6:7 - 
trisulphonic acid. It is not hydrolysed by dilute 
acids. Fused with 66% caustic soda at 220- 
300°, it yields the 2'.1 -dihydroxynaphthalene- 
'i:6-disulphonic acid. 

(iv) j8-Naphthol-3:6:8-trisulphonic Acid 
is prepared by sulphonation of jS-naphthol. 
Nietzki (Chein.-Ztg. 1891, 15, 296) heated 
]8-naphthol with 40% oleum at 90-120°. If the 
sulphonation mass is poured on to three times 
its weight of ice, a crystalline powder, probably 
the 2: 3 -anhydride or suit one, is precipitated, 
which in solution shows no fluorescence and 
gives no colour with ferric chloride. With 
alkalis, it yields the trisulphonate and this gives 
a violet coloration with ferric chloride and" a 
yellowish -green fluorescence in alkaline solution. 
Levinstein (B.P. 706, 1883) stirred j3-naphthol 
into three times its weight of monohydrate, 
added an equal weight of 40% oleum at 125° 
for 2 hours, and theri treated with brine to 
separate the sodium salt. /5-Naphthol-6-, or 
8-mono-, or 3:6- or 6:8-di-8ulphonic acids may 
be used in place of jS-naphthol (Levinstein, Ber. 
1883, 16, 462). The actual amount of the 
3:6:8-trisulphonic acid formed probably depends 
on the time of sulphonaton, rising at 130° to a 
maximum of 50-60% of that calculated 
(Vorontzov and Sokolova, Prom. Org. Chim. 
1937, 8,289; B. 1937, 1018). 

Reactions . — It couples with diazotised bases 
forming azo-dyes. It can be deaulphonated by 
sodium amalgam in the cold giving p-naphthol- 
Cr.S-disulphonic acid (Bayer, G.P. 255724; B.P. 
28172, 1911). Heated with ammonia at 200- 
250° it yields p~naphthylam.ine-3:G:S-trisulphonic 
acid. Fused with caustic soda at 220-230° it 
gives a mixture of \:1 -dikydroxynaphthalene- 
3:6- and 2:^-dihydroxynaphthcdene-Q:^’disuU 
phonic acids. 

j8-NAPIfTHOLTETRASULPHONIC AOID. 

j9-NaphthoM:3:6:7-tetrasulphonic Acid 
is obtained by the sulphonation of j9-naphthol- 
7-Bulphonic, or 3:7-disulphonic, or l;3:7-trisul- 
phonic acid with 40% oleum at 120-130°, but 
the product undergoes desulphonation unless 
care is taken to prevent the solution of the mass 
in water, while atiU acid, from becoming hot 
(Bayer, B.P. 17141, 1893 ; Dressel and Kothe, 
Ber. 1894, 27, 1208). 
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Identification. — The barium salt is a very 
sparingly soluble, sandy powder; the sodium 
salt, Na 4 A, is easily soluble in water, but in- 
soluble in alcohol, and in alkaline solution shows 
a bluish-green fluoreseeiu'o. It does not couple 
with diazotised bases. 

Reactions. — Pigested with 25% ammonia solu- 
tion at 180°, it gives P-nnphihylaminc-}:3:(Ul- 
tetrasulphonic acid. Boiled with dilute mineral 
acids it yields p-naphthol-*S:6:l -tris^dphonir acid. 

HALOGENO-j9-NAPHTHOLS. 

The course of the halogenation of jS-naphthol 
presents some interesting features, in that the 
reaction is not simply om^ of substitution in the 
nucleus but is accompanied by the formation 
of derivatives of naplithaquinone and additive 
compounds ; further, there arc important 
differences between the eouiaes of chlorination 
and bromination. The action of chlorine in 
acetic acid, or of hypochlorite in aqueous alkaline 
solution, on jS-naphthol gives 1 -chloro-j8- 
naphthol. Further action of chlorine in acetic 
acid-sodium a(‘etate solution gives \:\-dichloro- 
2-ketoA‘.2-dihydrona2ihthalene yellow, m.p. 54", 
which is readily reduced to \-chlorofi-naphthol 
and is converted by hydrochloric acid into 1:4- 
dichloro-p-naphthol. Further action of chlorine 
gives, by addition of chlorine, l:l:3:4-^c<m- 
chloro-2-keto- 1 :2'.3:i-tetrahydronaphthMene, m.p. 
102-103° (hydrate^ m.p. 90-91°) from which 1:3- 
dichloro-^-napIithol can be prepared. l:4-l)i- 
chloro-j8-naphthol is reduced with some difiiciilty 
to A-chlorofi-naphihol {cf. Zincke, ibid. 1888, 
21 , 3387, 3552 ; Armstrong and Roaaiter, Proc. 
C.S. 1891, 7, 32; Fries and Schimmelselimidt. 
Annalen, 1930, 484, 295). 

The bromination of jS-naphthol was studied 
by Armstrong and Kossiter (Proc, O.8. 1889, 5, 
71 ; 1891, 7, 33, 87), Franzen and Staublc (d. pr. 
Chem. 1921, (ii], 103 , 309), Fries and Engel 
(Annalen, 1924, 439, 232) and Fries and 8chim- 
melschraidt {l.c.). The first product of broniina- 
tion, c.g., in acetic acid, is l-bromo-^-naphthol^ 
m.p. 82-83°, followed by l:Q-dibromofi-naphthol, 
m.p. 106°, then a tri- and a tctra-bromo-j3- 
naphthol. The tribromo-compound w'as for 
long considered to be 1:3:0- until Fries and 
Schimmelselimidt {l.c.) advanced evidence to 
show that it is \A:^-tribromo-^-naphthol, m.p. 
167-158°; the tetrabromo-compound is 1:3:4:6- 
tetrabromofi-naphthol. In all these compounds, 
the bromine in the 1 -position is readily removed 
by reduction, both in acid and alkaline media 
{cf. I.G., B.P. 380663; 381947, 1931), and thus 
are prepared Mromo-^-naphthol, m.p. 129-130°, 
and 4:6-dibromo-)5-naphthol, m.p. 134-135°. 
The bromination of j8-naphthol-3-carboxylic 
acid follows a similar course, and 6-bromo-/S- 
naphthol-3-carboxylic acid has been employed 
for preparing 6-amino derivatives for use as 
azo-dye intermediates. Fries and Engel have 
shown that an unstable \:\-dibromo-2-keto-\'.2- 
dihydronaphthahne can be isolated, but this 
gives l:6-dibrorrio-^-naphthol on treatment with 
hydrobromic acid, not the 1 :4-compound . Fries 
and Schimmelschmidt also prepared 1:3:6- 
tribromo-P-napMhoU m.p. 132°, and 4-bromO’ 
P-nojphihol^ m.p. 122°. 

(i) l-Chloro-j3-naphthol is obtained by 


chlorinating j5-naphthol in acetic acid solution 
(Cleve, Ber. 1888, 21 , 895 ; Fries and Schimmel- 
schmidt, l.c.) ; or, better, by action of hypo- 
chlorous acid in molecular proportion on j8- 
naphthol in alkaline solution (Kalle, G.P. 
168824). It is also a by-product of the action 
of ferric chloride on j8-naphthol (Joffe, Anilino- 
kras. Prom. 1935, 5, 325). It forms monoclinic 
crystals, m.p. 70-71°. 

Reactions. — The halogen is reactive. It is 
eliminated by alkali sulphite, by diazonium 
compounds, or by zinc dust in presence of copper 
(Wahl and Lantz, Bull. Soe. chim. 1923, [iv], 
38,93; B.P. 182084; I.G., G.P. 431 105). By 
interaction with aminos or diamines, 1-aryl- 
amino-/9-naphthol8 are formed; thus, \-anilino- 
^-naphthol. m.p. 153-154°, is produced from 
aniline (Wahl and Lantz, Compt. rend. 1932, 
194, 464). With silver nitrate only a poor yield 
of l-nitro-^-naphthol is obtained, but with 
sodium sulphide, that of di -2diydroi’y -I -naphthyl- 
sulphide is quantitative (Ringeissen, ibid. 1934, 
198, 2180). 

(ii) 3-Chloro-j3-naphthol has been ob- 
tained, m.p. 93°, by reducing l:3-dichloro-^- 
na})hthol with zinc dust in alcohol solution 
(I.G., G.P. 431165) and, m.p. 90°, from the 1- 
diazo-oxide (Marachalk, Bull. Soc. chim. 1928, 
|iv], 43, 1363). A very different m.p., 63-64’5°, 
is given by dambuserwala. Holt, and Mason, 
who prepared it from 3-Hmino-2-naphthyl 
methyl ether via 3-ch]oro-2-naphthyl methyl 
ether, m.p. 78-5 (J.G.S. 1931, 374). According 
to Marschalk (Bull. Soc. chim. 1929, |iv], 45 
651), when luxated with dilute sodium sulphite it 
gives p-naphthol and ^-naphthol-4-sulphonic acid. 

(iii) 4-Chloro-^-naphthol has been ob- 
obtained by reducing l:4-dichloro-^-naphthol 
{supra) and by Hodgson and Birtwell (J.F.S. 
1943, 468) from 4-(‘hloronaphthalene-l:2-diazo- 
oxide. It has m.p. 100° {methyl ether, m.p. 
44-45°) and its sodium salt is sparingly soluble 
in dilute aqueous sodium hydroxide. Its 
coupling with diazo-eom 2 )ounds has been 
described (I.G., G.P. 459989). 

(iv) 5-ChIoro-)9-naphthol has m.p. 128° 
(Claus, J. pr. Chem. 1889, [ii], 39, 317). 

(v) 6-Chloro-)9-naphthol, m.p. 115°, was 
obtained by Kuggli et al. (Helv. Chim. Acta, 
1929, 12 , 1048) from 6-araino-j3-naphthol-4- 
sulphonic a<*id. It is best obtained pure by 
crystallisation from water. The m-nilrobenzoale 
has m.p. 146-147°. It has also been obtained 
by reducing l:6-dichloro-j8-naphthol (I.G., G.P. 
431165). 

(vi) 7- Chloro- j3- naphfhol, m.p. 126-6° 
(acetate, m.p. 104-5°) has been prepared from 
7-hydrazmo-^-naphtliol (Franzen and Deibel, 
J. pr. Chem. 1908, [ii], 78, 154). 

(vii) 8-Chloro-jS-naphthol has m.p. 101° 
{m-nitrobenzoate, m.p. 176°) (Ruggli et al., l.c,). 

(viii) l:3-Dichloro-jS-naphthol has been 
obtained by reduction of l:l:3-trichloro-2-keto- 
l:2-dihydronaphthalene with stannous chloride 
(Zincke, Ber. 1888, 21 , 3644). It forms needles, 
m.p. 81°. Its acetyl derivative has m.p. 79-80°. 
Heated with dilute potassium sulphite solution 
under pressure it yields S-chloro-^-naphthoUh 
eulphonic acid ; but with 10% solution at 170° 
it yields p-naphthol-l’ and 4-8ulphonic acids and 
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a little p-naphthol (Marschalk, Bull. Soc. chim. 
1929, [iv], 46, 651). 

(ix) l:4-Djchloro-j3-naphthol, m.p. 123- 
124°, is obtained from ]:l-dichloro-2-keto-l:2* 
dihydronaphthalene by treatment with hydrogen 
chloride in acetic acid (Fries and Schimmel- 
Hchmidt, I.C.). 

(x) ] -Chloro-()-bromo-/3-naphthol, m.p. 
105°, is obtained from 1 :1 -dichloro-2-keto-l :2- 
dihydronaphthalene by troatnuMit with hydrogen 
bromide in acetic^ acid. 


NiTROSO-j3->JArHTH()LS (me N aphtJiaqidnone- 
oxivies, p. 385o). 

Nitro-^-napiituoi.s. 

(i) 1 -Nitro-/3-naphthol is obtained, in good 
yield, by nitrating ^-naphthol at 35° in j)resence 
of mercuric nitrate. It may be prepared by 
hydrolysiH of 1 -nitro-2-acet-)9-naphthalide with 
boiling aqueous caustic soda (Organic Syntheses, 
1933, XTII, 78), or by oxidation of l-nitroso- 
)3-na.piithol with dilute nitric acid, or from a- 
nitronaphthalcne by heating at 50-60° with 
twenty times its weight of powdor€*d (iaustie 
soda (VVohl and Aue, Ber. 1901, 34, 2444). Its 
ethyl ether, m.}>. 104-105°, is obtained by action 
of nitrogen {)eroxide on jS-naphthyl ethyl ethcjr, 
in acAic acid. It forms yellow needles, m.p. 
103°; its .sodiiDu salt, red needles; its acetate, 
colourless needles, m.p. 61° (Bottcher, ihid. 
1883, 16, 1938). 

(ii) 4 - Nitro - jS - naphthol, obtained from 
2:4-dinitro-a-naphthylaminc by heating the 
derived l-diazo-2-oxide with 2 )owdered alumin- 
ium and alcohol, forms yellow needles, m.p. 
120°, is mucii less easily alkylated than 
naphthol and eouples more slowly with diazo- 
tised bases (Morgan and British JDyestulfs Corp., 
Ltd., B.P. 152437). 

(iii) 5-Nitro-/3- naphthol is prepared from 
5-nitro-jS-naphthylaraine by the diazo-reaction. 
The m-nitr^enzenesalphonaie, m.p. 166°, is a 
prodiKjt of nitration of jS-naphthyl wi-nitro- 
benzenesulphonate (Bell, J.C.8. 1932, 2732). It 
crystallises from water in yellow needles, m.p. 
147°. Tlie salts are reddish-yellow and easily 
soluble ; the ethyl ether forms yellow needles, 
m.p. 115° (Friedlander and 8zyinanski, Ber. 
1892, 25, 2079). 

(iv) 6-Nltro-j3-naphthol has been obtained 
by heating 6-nitro-j8-naphthyl ethyl ether with a 
mixture of concentrated sulphuric and acetic 
acids. It forms yeUow needles, m.p. 156-158° 
(Gaess, J. pr. Chem. 1892, [ii], 46, 616 ; 46, 160). 

(v) 8-Nitro-j8-naphthol is obtained from 
8-nitro-j8-naphthylamine by the diazo-reaction 
(Friedlander and Szymanski, lx.). The m- 
nitrobenzenesulphonate, m.p. 144-146°, is a pro- 
duct of nitration of )3-naphthyl m-nitrobenzene- 
sulphonate (Bell, l.c.). It forms deep yellow 
needles, m.p. 144-145°. The ethyl ether, pre- 
pared by nitration of ^-ethoxynaphthalene 
forms long golden-yellow needles, m.p. 72-73° 
(Gaess, ibid. 1891, [ii], 43, 25), and the acetate, 
needles, m.p. 101-102 (idem, ibid. 1892, [ii], 46, 
615). 


DlNlTRO-j8-NAPHTHOLS. 

(i) l:5-Dinitro-/3- naphthol, yellow noodles, 
m.p. 187° (dccomp.), is obtained by hydrolysis 
of the ?a-nitrobenzeuesulplioiiate, which is itself 
a product of nitration of /3-naphthyl ra-nitro- 
benzenesiilplionate with fuming nitric acid in 
acetic acid (Bell. J.C.8. 1933, 286). 

(ii) l:6“Dinitro-/3-naphthol is obtained by 
nitration of /S-naphthol in acetic acid (Bc41, 
ibid. 1932, 2732). 

Properties . — Yellow ru^edh's, m.p. 195° ; the 
potassimn salt, KAf 2 H 20 , sparingly soluble 
needles ; the ethyl ether, yellow needles, m.p. 
144°, may be obtained as a product of nitration 
of /3-naphthyl ethyl ether at low temperature 
(Ryan and Keane, Sci. Pro(;. Roy. Lublin Soc. 
1924, 17, 297). It dyes wool and silk yellow. 
Heated with alcoholic ammonia at 150-160° 
it yields liG-dmitro-^-naphthylaniine (Kehrmann 
and Matis, Ber. 1898, 31, 2419). The H-sul- 
phonic acid (Crocein Yellow) is ])roduced by 
warming sodium j8-naphthol-8-sulphonate with 
dilute nitric acid at 30-40' until nitration is 
complete (Nietzki aiui Zubclen, ibid. 1889, 22, 
454). The potassium salt, KA, forms yellow 
needles, and the basic potassium salt, K.>A, 
sparingly soluble yellow needles. It dyes wool 
yellow^ but has little tinctorial power. 

(iii) l:8-Dinitro-/3-naphthol, goldtm scales, 
m.p. 195", is obtaiiK'd from the ??/-nilrobenzene- 
sulphonate by decomposition witli ])iporidino 
(Bell, J.C.S. 1933, 2H(>). 

(iv) 4:5- Di nitro - /3- naphthol, orange-red 
needles, m.p. 230° (approx.) is obtained similarly 
(Bell, l.c.). 

AMINONAPllTHOLS. 

All fourteen ])ossible aminonaphthols have 
been prepared. The method of pi'oparation 
usually affords evidence of their structure. The 
normal methods of prej)aration are : 

1. Reduction of the corresponding nitro-, 

nitroHo, or azo derivatives of a- or /3- 
naphthol ; 

2. Fusion of a- or /3-naphthylaminomonosul- 

phonic acids with caustic alkali, a- 
naphthylamine-4-sulphDnic acid being 
an exception, as it gives a-naphthol-4- 
Bulphonic acid under these conditions ; 

3. Fusion of najihtholrnonosiilphonic acids 

with aodamide, whereby the sulphonics 
group is eliminated and an amino-group 
introduced, not necessarily in the same 
position. 

^ 4. Reaction of dihydroxynaphthalenes with 
ammonia or with ammonium sulphite 
and ammonia. 

Of these, the sodamide reaction, although the 
only method for the direct conversion of 
naphtholmonosulphonic acids into aminonaph- 
thols, is of limited application. The sole 
examples are the conversion of a-naphthol-5- and 
8-8ulphonic acids into the corresponding amino- 
naphthols. But a- and /S-naphthols are them- 
selves converted by fusion with sodamide into 
the corresponding 5-aminonaphthoL /8-Naph- 
thol-6- and -S-sulphonic acids give first /3- 
naphthol and then 5-amino-2-naphthol. /8- 
Naphthol-7-8nlphonic acid gives both 7- and 
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5-aniino-2-iiax)hthol (Sachs, Ber. 1906, 39, 
3010). 

The aniinonaphthols arc amphoteric. In 
presence of water they are readily oxidised by 
air. Those with 1:2- and 1 :4-8ubstitution form 
naphthaquinones on oxidation with ferric 
chloride, chromic acid, or nitrous acid in acid 
solution. 

The amides obtained by condcuisation, chiefly 
of l-araino-7-naphthol, with aroyl chlorides are 
described as useful for pretreatment of cotton 
fibres which may subsequently be coloured by 
development with diazotised baH(‘s (Bayer, G.P. 
233117; 274081; 27G331; Badisehe, G.P*^^ 283742 ; 
284997; 296991; 297414; B.P. 3790, 1914; 
13455, 1914; 8058, 1915). 

(i) l-Amino-2-naphthol is obtained by re- 
duction of I-nitroHo- or 1 -nitro-/S-naphthol 
(Zincke, Annalen, 1892, 268, 273). Sodium sul- 
phite is the best reagent for reducing I-nitro-/S- 
naphthol (Organic iSyntheses, Vol. XJ, p. 8). 
It may also bo obtained from azo derivatives of 
j8-naphthol, such as Orange IT by reduction with 
sodium hydrosulydiite (Grandmougin, Ber. 1900, 
39, 2495) or with hydrogen under pressure at 
180-200^ in presence of ni(‘kei carbonate 
(Tetralin, G.m.b.H., G.P. 40G0G4). 

l-Arylamino-2-naphthols are obtained from 
l-chloro-j8-naphthol by reaction with primary 
amines (Wahl and Lantz, Bull. 8oc. chirn. 1923, 
[iv], 83, 93; G.P. 305367; B.P. 182084). 1- 
Amino-2-methoxy- and -2-ethoxy-naphthalcnes 
are obtained from the corresponding 1-cbloro 
derivative by heating with ammonia in presence 
of copper or zinc chloride (Gesellsch., B.P. 
376667). 

Properties . — It forms scales, sparingly soluble 
in boiling water. The alkaline solution rapidly 
turns brown in air. The hydrochloride^ B,HCI, 
forms needles (Jacobsen, Ber. 1881, 14, 806); 
H-acetyl derivative, scales m.p. 235® (Miclud 
and Grandmougin, ibid. 1892, 25, 3433) ; diacetyl 
derivative, m.p. 116°; dibe7izoyl derivative, 
silky needles, m.p. 235-5° (Sachs, ibid. 1906, 39, 1 
3024) ; the ethyl ether^ prisms, m.p. 51°, b.p. I 
300-302° (Gesellsch., t.c.). 

Reactions . — It couples, in acetic acid solution, 
with diazotised bases forming azo-dyes. It is 
not diazotised by nitrous acid in presence of 
mineral acids, but in neutral solution, in presence 
of copper salts, naphthalene-l-diazo-2-oxide is 
formed. Ferric chloride, or other acid oxidising 
agent, converts it into [P-]naphthaquinone. In 
presence of aniline, in alkaline solution, it (or its 
4-sulphonic acid) is converted by action of air 
into 2-hydroxy-[a-]naphthaquinone- l-imine -4-anil 
(Wahl and Lantz, Campt. rend. 1926, 182, 976 ; 
B.P. 246482), whereas its N -phenyl derivative 
gives, on oxidation, [P-]naphthaquinone-l-anil 
{idem, Compt. rend. 1926, 180, 1361 ; B.P. 
191064). It forms mono- and di-ammonia 
additive compounds (Briner and Kuhn, Helv. 
Chim. Acta, 1929, 12, 106). 

(ii) l-Amino-3-naphthol is obtained by 
fusing a-naphthylamine-3-sulphonic acid with 
caustic potash at 260-260° (Friedlfi-nder, Ber. 
1895, 28, 1952), or from 4-nitro-/S-naphthol by 
reduction with tin and hydrochloric acid (Morgan 
and Evens, J.C.S. 1919, 115, 1133). 

Properties . — It forms needles, 'decomposing 


at 185°, is sparingly soluble in water and gives a 
violet-brown colour with ferric chloride. Its 
salts are easily soluble in water. The N -acetyl 
derivative, m.p. 179°. forms net dles ; the 
dibenzoyl derivative, m.p. 309-310°, scales 
(Sachs, Ber. 1906, 39, 3024). 

Reactions . — It couples readily with diazotised 
bases. With nitrous acid it gives an unstable 
diazo-comiKumd. Boiled with xvry dilute 
mineral acid it is slowly converted into 1:3- 
dihydroxyiui'phthale.ne. Heated with aqueous 
ammonia it gives l:'S-dia}ninonaphthale7ie. With 
monohydrate at room temperaturti it gives l- 
ammo-[\-7mphthol-4‘Sulphonic acid. 

(iii) 1-Amino- 4- naphthol may b(^ prepared 
from 4-Tuiro- or 4-nitr(>so-a-naphtlH>l, or from 
4-azo dt;rivatives of a-iiaphthol by reduction 
with stannous chloride and hydroebloric acid 
(Grandmougin and Michel, Ber. 1892, 25, 976; 
Seidel, ibid. 1892, 25, 423 ; Russig, J. pr. C/hem. 
1900, |ii], 62, 30). It is also formed by elimina- 
tion of carbon dioxide when 4-ainirio-a-naphthol- 
2-(*arboxylie arid is heat(‘,d at 230° (Nietzki and 
Guiterniaiin, Ber. 1887, 20, 1276). 

Properties . — It forms needles, very soluble in 
water which, when moist, rapidly turn blue in 
air. Its salts are very soluble in water. The 
N-for)fiyl derivative, m.p. 168°, forms rosettes 
(Gacss, G.P. 149022); the N -acetyl derivative, 
m.p. 178° (Kehrinann and Kissine, B(^r. 1914, 
47, 3098); the diacetyl derivative, m.p.* 158°, 
prisms; the dibenzoyl dcfivative, m.^). 215°, 
rhombs (Sachs, ibid. 1906, 39, 3026); the N- 
dimclhyl derivative, m.p. 113", prisms ; the ethyl 
ether, m.p. 96°, needles (llcermann, J. pr. Chem. 
1892, [ii], 45, 545). 

Reactions . — Oxidising agents, including nitrous 
acid, convert it into { a-lnaphthaqumonc. It does 
not couple with diazotised bases. Its hydro- 
chloride, lu-ated with methyl or ethyl alcohol at 
170-180°, gives the 7no7ioalkyl ether of l:4-di- 
hy dr oxy naphthalene. 8ulphonated with 10% 
oleum at 30-40°, it gives \-amino-4-naphthol-^- 
sulphonic acid. 

\- Acet7jl(imino-4-naphthol is obtained by acety- 
lation of the hydrochloride in presence of sodium 
acetate (Witt and Dedichen, Ber. 1896, 29, 2948), 
or by the action of caustic soda solution on 
diacetyl-l-ami7io-4-naphthol (Kchrmann and Kis- 
sine, ibid. 1914, 47, 3097). It forms needles, 
m.p. 187° (178°), which are moderately soluble 
in warm water, and couples in alkaline solution 
with diazotised bases to form or^/io- azo -dyes. 
Oxidised in glacial acetic acid with sodium di- 
ebromate or nitric acid it gives di-[a-]naphtha- 
quinone in good yield (Ulimann, Helv. Chim, 
Acta, 1926, 9, 442). The ethyl ether, m.p. 189°, 
forms needles almost insoluble in water, but 
soluble in 7-4 parts of boiling alcohol (Henriques, 
Ber. 1892, 25, 3060). 

(iv) l-Amino-6-naphthol may be obtained 
from a-naphthylamine-6-8ulphonic acid by 
fusion with 60% caustic soda at 240-250° 
(Friedlander and Lagodzinski, J.S.C.I. 1897, 
16, 793) ; or from l:6-diammonaphthalene, 
either by digestion under pressure with dilute 
mineral acids, or, in 80% yield, by the bisulphite 
method (Bucherer, J. pr. Chem. 1904, [ii], 69, 
84). It is also formed from a-naphthol or from 
a-naphthol-6-8ulphonic acid by fusion with 
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sodamide in naphthalene at 190° or 230° respec- 
tively (Sachs, G.P. 173522; 181333; B.P. 

22412, 1905 ; Ber. 1906, 39, 3018). 

Properties. — It is comparatively stable in 
alkaline solution to air. The hydrochloride is 
crystalline ; the dihenzoyl derivative, m.p. 276°, 
forms rhombic scales ; the N -dimeihyl derivative, 
m.p. 112°, hexagonal tables (Eiissganger, ibid. 
1892, 25, 979). 

Meactions. — It can be diazotised, and it may 
be coupled, in acid or alkaline solution, with 
diazotised bases forming monoazo-dyes. The 
azo-dye obtained by coupling it with diazotised 
a-naphthylamine-4-Hulphonic acid is not red, 
as is the case with its isomers, but cornflower- 
blue in colour (Sachs, Lc.). Heated with 4% 
hydrochloric acid at 180° or by the bisulphite 
method, it forms I'.b-dihydroxynajihthalene ; 
heated with bisulphite, in presence of ammonia, 
it gives ]:!\-diaminona'phthaLe7iP. Sulphonated 
in the cold it gives l-arnmo-d-naphthol-^-sul- 
phoiiic acid but with 23% oleum at 100°, a disul- 
plionic acid. 

(v) l-Amino-6-naphthoI is formed by re- 
duction of r>-nitro-j3-naphthol. It may be pre- 
pared in 58% yield by fusing a-naphthylaminc- 
6-8ulphonio acid with caustic soda in an open 
vessel at 305° (Brown, Hebdcn, and Withrow, 
J. Amer. Chem. Soc. 1929, 51, 1766) or by inter- 
acition of 1 -amino-6-naphthol-4-sulphonic a(dd 
with sodium amalgam. It is also formed when 
)S-naphthol or its 6- or 8-sulphonic acid is heated 
at 230° with sodamide in naphthalene (8acha, 
Ber. 1906, 39, 3016). 

Properties. — It crystallises in scales, m.p. 
190-191° (186°), shows a blue fluorescence in 
ammoniacal solution, rapidly darkens, when 
moist, in air, and with ferric chloride givms a 
a dark blue coloration. The N -acetyl derivative 
forms needles, m.p. 215-216° ; the diacetyl 
derivative, m.p. 187°; the derivative, 

needles, m.p. 152° ; the dihenzoyl derivative, 
needles, m.p. 223° ; the picrate, yellow needles, 
m.p. 183° (Sachs, l.c.), 170° (Brown, Hebden, 
Withrow, l.c.). The hydrochloride forms dark 
red crystals [ideyn, ibid.). 

Reactions. — It can be diazotised, and it 
pouples, in acetic acid or in alkaline solution, with 
diazotised bases (I or 2 mol.) forming azo- dyes. 

(vi) l-Amino-7-naphthol is obtained from 
8-nitro-)9-naphthol by reduction, or from ‘a- 
naphthylamino-7-8ulphonic acid by fusion with 
caustic soda in an open vessel at 305° {idem, ibid.). 

Properties. — It crystallises from water in 
needles, m.p. 206° (Kehrmann and Engelko, 
ibid. 1909, 42, 351), gives a greenish-blue colora- 
tion with ferric chloride and, in acid or alkahne 
solution, shows blue fluorescenc^e. A complete 
series of N-acyl derivatives from the formyl to 
the nonadecanoyl has been prepared by Fiorz- 
Bavid and Kuster : the formyl derivative has 
m.p. 204°; acetyl m.p. 198° (decomp.; on 
isolated occasions samples with m.p. 167° have 
been obtained); benzoyl 211°; diacelyl 177°; 
dibenzoyl 208°; ethyl ether, m.p. 67° (Helv. 
Chim. Acta, 1939, 22, 97). 

Reactions. — It can be diazotised and it couples 
in acetic acid or in alkaline solution with 
diazotised bases (1 or 2 mol.) forming azo-dyes. 
With sulphuric acid at 20-30° it gives \-amino- 


1 -naphthol-{4:)-sulp)wnic clcmI and at 100° with 
20% oleum a disulphonic acid. Its methyl 
ether is claimed as a base suitable for coupling 
on the flbro with 2:3-hydroxynaphthoaryl- 
amides to give violet shades (T.G., B.P. 294291). 

(vii) l-Amino-8-naphthol may be prepared 
by fusing ’a-naphthylamine-8-8ulphonic acid 
with caustic alkali at 230-240° (Badische, G.P. 
55404; t>2289 ; Fichter and Gagour, Ber. 1906, 
39, 3331). It may be obtained from- l:8-di- 
amiiionaphthalono by hydrolysis with dilute 
acifl at elevated lemperature, or by tlio bisul- 
phite method; and from l:8-diaminonaphtha- 
leuo-4-sulphonic acid with 25% sulphuric acid 
at 135-140 ’ under pressure ; or from a-naphthol- 
H-sulphonic acid by fusion wdth sodamide in 
naphthalene at 230°. 

Properties. — It crystallises in needles, m.p. 
95-97°, sparingly soluble, in cold water. Its sul- 
phate is s})aringly soluble in hot water. The 
H-acelyl derivative, needles, has m.p. 168-169° 
and coujflcs with diazotised bases ; the diacetyl 
derivative, necdle.s, m.p. 118-119"; H-benzoyl 
derivative, needles, m.p. 193-194°; the N- 
dimethyl derivative, lu'xagonal tablets, m.p. 112°. 

Reactions.- -~\t may bc! diazotised in dilute solu- 
tion, but in coneentrated solution, with excess 
of nitrite, it gives also >^-ami'no-Y^-^naphtha- 
quinoneoxime, green needles (Fichter and 
Gageur, l.c. ) . In alkaline solution it couples with 
diazotised bases forming azo-dyes. The sulphite, 

] -am ino-H- naphthyl sulphite (Bucherer, J. pr. 
(3icm. 1904, [ii], 69, 61), can also be diazotised 
and has been used for production of azo-dyos 
(Badische, G.P. 211381). With 75% sulphuric 
acid at 130-160° it gives \-amino-%-naphthol-l - 
salpho7iic acid ; but with sulphuric aeud at 
15-20° the chief product is the 5-sulphonic acid, 
and at 100° solely the b:l -disulphonic acid. 

(viii) 2-Amlno-l-naphthol is obtained by 
reducing 2-nitro8o- or 2-nitro-a-naphthol ; or 
from j /3-]naphthaquinonephenylhydrazono by 
reduction with sodium hydrosulphite (Granel- 
luougin, Ber. 1906, 39, 2496). It may also bo 
obtained by interaction of 2:l-aminonaphthol-3- 
or 5-8u3phonic acids with sodium amalgam. 

Properties . — It crystallises in needles, sparingly e 
soluble in colei water. Dissolved in ammonia 
and shaken with air it gives a green solution, 
on the surface of which a charaotc^ristic violet 
skin forms. The H-aceiyl derivative, needles, 
has m.p. 128-129° and couples with diazotised 
bases ; the diacetyl derivative, needles, m.p. 1 16°. 

Reactions. — Nitrous acid oxidises it to [j3-] 
naphthaquinone ; in presence of copper salts, in 
neutral solution, it gives 7iaphthalene-2-diazo-l- 
oxide {see p. 274c). Sulphonated with 10% oleum 
at 40-50°, it gives either the 4- or b-sulphonic 
acid (Reverdin and de la Harpe, ibid. 1893, 26, 
1281). 

(ix) 2-Amino-3-naphthol may be obtained 
from 2:3-dihydroxynaphthalene, either by heat- 
ing it with 30% ammonia under pressure at 
140-150°, or by the bisulphite reaction (Badische, 
G.P. 117471 ; B.P. 1387, 1900). It may also be 
prepared from O -ethers of 2-hydroxy-3-naph- 
thoamide by treatment with hypochlorite 
followed by hydrolysis (I.G., B.P. 304493 ; 
304441; 379862; «ee Jambuserwala, Holt, 
and Mason, J.C.B. 1931, 373). 
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Properties . — It crystallises iii needles, m.p. 
234°, sparingly soluble in cold water. The 
N-benzoyl derivative has m.p, 233-5° (Sachs, 

l.c.) ; the methyl ether ^ m.p, 104-106°. Disazo- 
dyes are obtained by coupling it in alkaline solu- 
tiqn with diazotised bases (Bayer, G.P. 99468). 
,I'or other derivatives, c/ Goldstein and Gardiol, 
flelv;Chim. Acta, 1937, 20, 516). 

(\) 2rAmino-4-naphthol has been obtained 
'by h(*ating 1 ;3-dihydroxynaphthalene with am- 
monia under pressure at 130-140°. It forms a 
Sparingly soluble hydrocMoride. The N -phenyl 
derivative is rapidly oxidised in alkaline solution 
to 2-anilino [a-]naphtha( 2 uinone. The azo-dyes de- 
rived from it resemble those from 1 -amino-3 -napli- 
thol (Friedlander and Riidt, Ber. 1896, 29, 1612). 

(xi) 2-Amino-5-naphthol can be obtained 
by fusion of j3-naphthylamine-5-sulphonic acid 
with caustic potash at 260-270°. It is also 
obtained by fusion of jS-naphthylamino-liO-disul- 
phonic acid with alkali, or by heating 6-ainino- 
a-naphthol-5-aulphonic acid with mineral acid 
(Buchen'r and Wahl, J. pr. Clxun. 1921, |iij, 
103, 129). 

(xii) 2- Amlno-6-naphthol is obtaim-d by 
reduc tion of 2-amino-6-naphthol-4-sulphonic I 
acid with sodium amalgam. The methyl ether 
has l>een prepared from 2:6-dihydroxynaphtha- 
lene (Windaus, Bcr. 1924, 57 [B], 1738). N- 
Arylated derivatives are obtained from N- 
arylated )3-nai)hthylaminc-6-sulphonic acid by 
fusion with alkali (1.(1., B.P. 341120). 

Properties,- ~\.l (‘rystallises in scales, m.p. 
190-195° (Jacchia, Annalcji, 1902, 323, 127j; 
dihevzoyl derivative, needles, m.p. 2.33-5°; ethyl 
ether, m.p. 90-91°, b.p. 330°. It couples in 
alkaline solution with diazotisc'd bases forming 
monoazo-dyes (Bayer, G.P. 161516; B.B. 
18569, 1902). 

(xiii) 2-Amino-7-naphthoI is formed by 
fusion of ^-naphthyIamine-7-Hulphonic acid 
with 50% caustics soda at 260-300°. It may be 
obtained from 2:7-dihydroxynaphthalene by 
heating with ammonia under pressure, or by the 
bisulphite method (Franzen and Deibel, J. pr. 
Chem. 1908, [ii], 78, 155), or from 2:7-diammo- 
naphthalcne by the bisulphite reaction (Badische, 
G.P. 134401). Mixed with l-amino-6-naphthol, 
it is a product of heating j3-naphthol-7-sulphonic 
acid with sodamide in naphthalem^ at 230° 
(Sachs, Ber. 1906, 39, .3017; B.P. 22412, 1905). 

Properties . — It forms needles, m.p. 201°, 
sparingly soluble in water. The H-acelyl 
derivative has m.p. 232° ; the diacetyl derivative, 
m.p. I.*i6° (Raiford and Talbot, J. Amer. Chem. 
Soc. 1927, 49, 559); the dibenzoyl derivative, 
needles, m.p. 187*5°; the N -phenyl derivative, 
needles, m.p. 160° (Kalle, G.P. 60103). 

Eeaciions . — It may be diazotised. It couples 
in acid or in alkaline solution with diazotised 
bases forming azo-dyes (Cassella, G.P. 71329). 
2x1 - Diaminonaphthalene is formed from it by the 
bisulphite method. With sulphuric acid at 30° 
it gives 2-amino-l-7iaphthol-3:^-disulphonic acid. 
With chlorosulphonic acid in presence of pyridine 
it gives 2:7 -am.inonaphthol‘N-sulphonic acid 
(I.G.. B P. 328032). 

The trimethylammonium chloride, obtained 
by heating the aminonaphthol in alkaline 
alcoholic solution with methyl chloride under 


pressure at 110° couples with diazotised bases 
forming azo-dyes (Geigy, G.P. 90310). 

(xiv) 2- Amino-8-naphthol is obtained by 
fusion of j8-naphthylamine-8-sulphonic acid 
with caustic allcali at 260 -270°, or by heating 
l:7-dihydroxy-^-naphthoic acid with ammonia 
at 170-180° (Friedlander and Zinberg, Bor. 
1896, 29, 40). 

Properties. — It crystalliscH in sc-alcs, m.p. 158°. 
Its H-acelyl derivative, needles, has m.p. 210- 
211 °. 

Reactions. — It couples in acetic acid, or in 
alkaline solution, with diazotised bases forming 
azo-dyes (Ba 3 rr, G.P. 220532). The N -acetyl 
derivativ^o on oxidation with chromic-acctic acid 
gives l-acetylammo-[a-]na 2 )hthaquinone (I.G., 
B.P. 291340). 

AMINONArilTHC)J.SU LFHONIO AciDS. 

Of the very large number of aminonaphthol 
mono-, di-, and tri-sulplionic acids theoretically 
possible, many havci been dc'seribod, including 
hfty monosulphonic acids. A relatively small 
numU'r ojiJy are of technical importance and 
this 1 ) 3 ' n^ason of tin* (l 3 r^stufl‘s prepared from 
them. The remainder are of little technical 
interest atid information on their properties is 
scanty. 

I (Jeneral Methods of Preqtaration. — The chief 
mt‘t-hod used for production of those aiads which 
are of technical imj>ortiUK‘e is fusion of the 
a])propriatt‘ naplithylair)int‘-di- or -tri-sulphonic 
acid with corn’entraled caustii- soda, or, less 
g(‘ncrally, causti * polash solution at tempera- 
tures ot the order of 189 206°. With sulphonie 
a( ids (;f a-m)})thyJami!U‘ the sulphonie group in 
position 8 is that most easily replaced (this is 
n ported to be assisted by conducting tlie fusion 
in prc.s('n(‘e of ammonia,) (Newport Co., U.8.P. 
1573056; 1670406), next that in position 5; 
groups ill posilioiiK 2 or 4 resist displaiiemcnt. 
With sulphonie acids from jS-iiaphthylamine, tho 
sulphonie group in position 4, 6, or 8 is easily 
replaced, that in position 1 or 6 resists displace- 
ment. If the temperature is too high or the 
alkali too wivik, the amino-group also may be 
eliminated with formation of a dihydroxy- 
naphthulcnesulphonic acid . 

Other methods used lor tho production of 
these acids are : 

1. Reduction of nitroso or azo derivatives of 

uaphtholsulphonic acids with sodium 
hydrosulphite or othei’ reducing agents. 
By these methods the 1:2-, 1:4-, and 2:1- 
aniinonaphtholsulphonic acids are pro- 
duced. 

2. Hydrolysis of one amino-group of a di- 

aminonaphthalenesulphonic acid, either 
by heating with dilute mineral acids, or 
water under pressure, or by the bisul- 
phite method. 

3. Amination of one hydroxyl group of 

dihydroxynaphthalenesulphonic acids 
with aqueous ammonia under pressure. 
With ajS - dihydroxynaphthalenesul- 
phonic acids, the hydroxyl radical in 
the )3-position is the more easily ex- 
changed for the amino-group. 

4. Sulphonation of certain aminonaphthols 

with sulphuric acid or oleum. 
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The constitution of the acids is usually known 
from tho structure of the naphthylamine- or 
nitro-(or azo-) naphthol-sulphonic acid used for 
the preparation, but confirmation can frequently 
be obtained by action of sodium amalgam, which 
eliminates a-sulphonic more readily than /3- 
sulphonic groups, or by action of boiling 20% 
hydrochloric aedd which removes the sulphonic 
group when in the 4-position relative to hydroxyl. 

General Properties . — Except in respect of their 
properties as dyestuff intermediates, little in- 
formation has been published about the proper- 
ties of the acids, which are usually distinguished 
by the fluoresccrfco or non-fluorescence of their 
alkali-salt solutions and by the colorations given 
with ferric chloride or blcaching-powder solu- 
tions. NevcrthelesH certain of tluise acids are 
important by reason of their property of form- 
ing two scries of azo-dyestuffs, when coupled 
with diazotised bases, which are tinctorially, as 
well as chemically, different in charactcT. 
Provided the amino- and hydroxyl-groups arc in 
different nuclei, and the sulphonic acid group or 
groups BO situated that the diazo-complex enters 
only into the orf/^o- position relatively to these 
radicals, coupling in weak acid solution will 
lead to the entry of the azo-group ortho to the 
amino-grouji and in alkaline solution, ortho to 
the hydroxyl group. The monoazo-compotind 
resulting from acid coupling conditions may be 
capable of coupling under alkaline conditions 
with a second molecule of a diazo-comj>oimd. 
Naphthol Blue Black (Colour Indt^x No. 24()) is 
an example. The technically important acids 
of this class are Canmia acid (2-amino-8- 
naphthol-G-sulphonic acid), J-acid (2-amino-5- 
naphthol-7-sulphonic acid), S-ai*id (l-amino-8- 
naphthol-4-8ulphonic acid), H-acid (l-amino-8- 
naphthol-3:f)-diaulphonic acid), and K-acid (I- 
amino-8-naphthol-4:(>-disulphonic acid). Of the 
acids derived from l-amino-8-naphthol, only 
those in which orfl’io-azo-dyes are obtained by 
coupling are of technical importance, viz : S-, H-, 
and K-acids. 

. The monosulphonic acids derived from 1:2- 
and from 2:1 -aminonaphthol treated with 
nitrous acid are oxidised in acid solution, but, 
in absence of free acid, they are diazotised and 
form or^Ao-hydroxyazo-dyes remarkable for their 
fastness. 

Valuable monoazo-dyes are also derived from 
N -substituted arainonaphtholsulphonic acids j 
which differ in shade and degree of fastness from i 
the comparable dyes prepared from the parent 
acid. Substituents may be alkyl (ethyl, etc.), 
acyl (acetyl or carbonyl, etc.), aryl (phenyl) and 
substituted aryl (nitroaryl, salicylsulphonyl, 
etc.). 

A special interest attaches to 2-amino-5- 
naphthol-7-sulphonic acid (J-acid) by reason of 
the fact that, unlike its isomers, except l-amino- 
6-naphthol-7-8ulphonic acid, this acid, and its 
N -substituted derivatives, endow most of the 
azo -dyes derived from them with the valuable 
property of dyeing unmordanted cotton. This 
property was first utilised in the introduction 
of dyes produced from 5;6'-dihydroxy-2:2'-di- 
naphthylamine-7:7'-di8ulphonic acid (1) (Bayer, 
G.P. 1 14841 ; B.P. 24296, 1899). The affinity for 
cotton is increased by acyl substitution, the 
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substituted ureas (II) obtained by the action of 
phosgene being a good example (^ee Battegay 
and Wolff, Bull. 8oc. chim. 1923, [ivj, 33, 1481). 



(For further details, see Dvksti/ffs, Azo, Vol. 
IV, 215c, 2 1 6a, c). 

Certain of the toclmically important acids are 
described in detail below ; information (ron- 
cerning the remainder is summarised in the 
tables. 

l-Amino-2-naphthol-4-su I phonic Acid 
is formed by fusion of a-naphthylamine-2:4- 
disulphonic acid with caustic soda (Tomioka, 
J.S.C.I. 1917, 36, 1043). It is prepared in 82- 
84% yield from l-nitroso-jS-naphthol by action 
of sodium bisulphite followed by (a)nccntratcul 
sulphuric acid (Fiescr, Organic Syntheses, 1931, 
XI, 12). It is also formed from l-amino-2- 
naphthol by the action of sodium sulphite in 
presence of air (Marschalk, Bull. 8oc. chim. 
1929, [ivJ, 45, 651). 

In technical practice the acid is diazotised 
immediately, and may be isolated as the diazo- 
oxide {see Battegay and Schmidt, ibid. 1927, 
[iv], 41, 205). 

Properties. —The acid, H A+ ^ H gO, forms very 
sparingly soluble needles. 

Reactions . — In alkaline solution the acid is 
readily oxidised by air (Dahl, G.P. 82097; 
B.P. 5153, 1895). The diazo-oride, exposed to 
light in presence of enough atud to prevent 
coupling with the decomposition product, decom- 
poses quantitatively into \:2-dihydroxynaphtha- 
leneA-sulphonic acid (Schmidt and Maier, Ber. 
1931, 64 [B], 767). Chlorinated or brorninated 
in sulphuric acid the diazo-oxide gives the 6- 
halogeno derivative, which by action of cuprous 
oxide is converted into the ^-halogeno-2‘ 
rmphtholA-sulphonic acM (Battegay, Silber- 
mann, and Kienzle, Bull. Soc. chim. 1931, [iv], 
49, 716 ; Ruggli and Michels, Helv. Chim. Acta, 
1931, 14, 779) ; nitrated it gives the G-nitroA- 
diazo-2-napht^lA-8ulphonicacid (Ruggli, Knapp, 
Merz, and Zimmermann, ibid. 1929, 12, 1034), 
an important dyestuff intermediate. The diazo- 
oxide, and other naphthalene- l:2-diazo-oxides, 
when treated with sodium sulphite form coloured 
additive products which when heated decom- 
pose giving 2-naphthol-l -sulphonic acids. Thus 
2-naphthol-l:4- and l:6-disulphonic acids can be 
obtained (Krebster and Vannotti, ibid. 1938, 21, 
1221). Chlorination of the aminonaphtholsul- 
phonic acid itself gives a chloramine as inter- 
mediate product (Pilz and Kraczkiewicz, Rocz. 
Chim. 1931, 11, 40 ; see also Heller et al., Z. 
angew. Chem. 1930, 48, 1131). 
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l-AmlnO“2-naphthol-6-su I phonic Acid 
is not itself of importance, but its O -methyl 
and O -ethyl ethers find technical application as 
middle components in disazo-dyes for cotton 
{v. Dyestuffs, Azo, VoL IV, 222). They arc 
prepared by nitrating 2-methoxy(or ethoxy)- 
naphthalene-fi-sulphonic acid and reducing the 
nitro-comi)Ound (Cassella, G.P. 58306 ; Bayer, 
G.P. 69155). l-Ammo-2-?nethoa'^(or ethoxy)- 
naphthakne-Q-sulphonic acid is sparingly soluble, 
the sodium salt freely soluble in water. The 
necessary 2 - alkoxynaphthalone - 6 - sulphoruc 
acids are formed by sulphonating )S-naphthyl 
alkyl ethers with chlorosulphonic acid in an inert 
medium (Amphlctt and Armstrong, Chem. 
News, 1887, 55 , 8 ; Lapworth, ibid. 1895, 71 , 205). 

l-Amino-2 - alkoxynaphthalene- 7 -sul - 
phonic Acids are obtained similarly (Cassella, 
Bayer, l.c.) but are not technically important as 
the 2-alkoxynaphthalene-7-sulphonic acids are 
not readily accessible. 

l-Amino-8-naphthol-4-sulphonic Acid 
(H-acid) may be obtained from l:8-diamino- 
naphthalcne-4-sulphonic acid by the bisulphite 
method in presenc:e of acetone (Bucherer, J. pr. 
Chem. 1904, [ii], 70 , 349). It is prepared from 
a-naphthylamine-4:8-disulphonic acid by fusion 
with caustic potash at 210° (Badische, G.P. 
63074; B.P. 20275, 1891; Bayer, G.P. 75317), 
and isolated from the dissolved melt as the free 
acid by acddification. 

Properties. — The acid forms sparingly soluble 
needles. The alkali salts arc readily soluble, 
showing a bluish-green fluorescence in solution. 
With feme chloride an emerald-green coloration 
is produced. The alkaline solution is oxidised 
slowly in air. 

Reactions. — The acid may be diazotised giving 
a sparingly soluble diazo-compound (Cassella, 
G.P. 82676). It may be coupled, both in acid 
and in alkaline solution, with diazotised bases 
and can be used as a middle component in 
disazo-dyes (Badisdie, G.P. 91855 ; B.P. 9894, 
1893). With excess of bromine in acetic acid it 
gives 2:4:7 -tribromo- 1 -amino~5 :S-naphlha(/uinone, 
m.p. 235° (Holler et al.,l.c. — this paper describes 
the action of bromine on other aminonaphthol- 
sulphonic acids). 

1-Amino - 8 - naphthol - 3:6- di sul phonic 
Acid {H-acid) has been obtained from 1:8- 
diaminonaphthalene-3:6-di8ulphonic - acid by 
hydrolysis with 10% sulphuric acid at 100-120° 
or with 40% caustic soda at 200° ; or from 1:8- 
dinitronaphthalene by heating with sodium 
bisulphite solution at 90-100°. It is prepared 
from a-naphthylamine-3:6:8-tri8ulphonic acid 
by fusion with caustic soda solution at 180- 
190° ; addition of ammonia is recommended as 
preventing hydrolysis of the amino-group (New- 
port Co., U.S.P. 1673056). The acid is isolated 
as the acid sodium salt by acidification of the 
dissolved melt at suitable dilution. 

Properties. — The acid is sparingly soluble 
in cold water. The acid sodium salt, 
NaHA-fHHgO, and the acid barium salt, i 
BaH2A2+4iH20, form somewhat sparingly 
soluble needles (Dressel and Kothe, Ber. 1894, 
27 , 2160). Solutions give a brownish-red colora- 
tion with ferric chloride. The acid forms 
sparingly soluble salts with arylamines (1 mol.) 


or arylenediamines (J mol.), which may be used 
for identification (Forster and Mosby, J.S.C.I. 
1928, 47 , 157t). A method of detecting the acid 
by means of such salts has been suggested 
(Lynch, Ind. Eng. Chem. 1922, 14 , 964). 

Reactions. — The acid may be diazotised form- 
ing a yellow diazo-compound. In both acid and 
alkaline solution it couples with diazotised bases, 
forming two series of monoazo-dyes. It is 
widely used in the dycstulfs industry for azo- 
i dyes. On bromination in aqueous solution 
it gives a violet coloured quinhydrone (Heller 
et l.c.). 

2-Ami no- 5- naphthol -7-sul phonic Acid 

{i-acid) has been obtained from l:6-dihydroxy- 
naphthalenc.-3-sulphonic acid by the bisulphite 
method (Badische, G.P. 117471; B.P. 1387, 
]9fK)). it is prepared from j3-naphthylamine- 
5:7-disulphonic acid by fusion with 50% caustic 
soda solution under pressure at 190°, being 
isolated as the free acid by acidification of the 
dissolved melt. 

Properties. — The acid is very sparingly soluble 
in water. The alkali salts are readily soluble, 
their solutions readily becoming discoloured in 
air by oxidation. Solutions give a brownish- 
black precipitate with hot ferric chloride. 

Reactions. — The acid may bo diazotised in 
suspension giving a yellow diazo-compound. In 
both acid and alkaline solution it couples with 
diazotised bases, forming two series of monoazo- 
dyes. It may be halogenated in the 1 -position 
(Bayer, G.P. 254715; 258299; B.P. 14152 
14153, 1912). Acetyl- J -acid (Du Pont, C.S.P. 
2062368) witli chlorosulphonic acid gives the 
sulphonyl chloride (I.G., B.P. 326226). With 
phenylhydrazines and sodium hydrogen sulphite, 
carbazole derivatives are formed (Bucherer and 
Zimmermann, J. pr. Chem. 1921, [ii], 103 , 277), 
Important derivatives are carbonyl- J -acidf by 
reaction of phosgene on J-acid, and phenyl-J- 
acid {2-anilino-5-naphthol-7-sulphonic acid) by 
interaction of aniline and sodium bisulphite 
with J-acid ; both are used in the manufacture 
of direct cotton dyes. 

2- Am i no- 8- naphthol -6-su I phonic Acid 
(y-acid) has been obtained from l;7-dihydroxy- 
naphthalene-3-8ulphonic acid by heating with 
30% ammonia under pressure at 120-150°, or 
by the bisulphite reaction. It is prepared from 
j9-naphthylamine-6:8-di8ulphonic acid by fusion 
with caustic soda at 190-1 96° being isolated as the 
free acid by acidification of the dissolved melt. 

Properties. — ^The acid forms very sparingly 
soluble needles. The alkali and alkaline earth 
salts are readily soluble, the solutions oxidising 
slowly in air and giving a dirty claret colour with 
ferric chloride solution. 

Reaxitions. — The acid may be diazotised in 
suspension forming a sparingly soluble yellow 
diazo-compound. In both acid and alkaline 
solution it couples with diazotised bases forming 
two aeries of monoazo-dyes. On halogenation 
it is substituted in the 1 -position (Bayer, l.c.). 
With phenylhydrazine and sodium hydrogen 
sulphite, carbazole derivatives are formed 
(Bucherer and Zimmermann, l.c.). An important 
derivative is phenyl-y-acid {2-anilino-S-naphthol- 
Q-sulphonic acid), obtained by the action of 
aniline and sodium bisulphite on y-acid. 



NAPHTHALENE. 

AMINONAPHTlIOT.MONOSlJLrilONrC ACIDS. 


356 


Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 

N:0;S 

1:2:4 

Sec text (p. 353c). 

Sec text (p. 353t^). 

1:2:5 

Ilediiction of azo derivatives of )8-iiaphthol-5- 
sulphonie acid (Witt, Per. 1888, 21, 3478). 

Acid, very sparingly soluble. 

Gives brown coloration wltli ferric eliloride. 

1:2:() 

(1) lleduotion of nitroso-)3-iiaplitliol-0-siil- 
j)honic acid by tin and liydrochioric acid 
(Mcidola, J.C.S. 1881, 39, 47). 

(2) Reduction of azo-derivatives of /S-napii- 
thol-O-sulphonic acid (Witt, Her. 1888, 21, 
3475). 

Acid, HA, sparingly soluble needles ; sodium 
salt (Eikoiiogcii), NaA4 2iH20. Solutions, 
especially if alkaline, are very sensitive to 
air. 

(Gves browui coloration with ferric chloride. 

For diazo-oxid£, cf. Geigy, l.c. below. 

Couples with diazotised bases (cf. Aktienges., 
G.P. 79103; B.F. 13833, 1803). 

For O-alkyl ethers, sec p. 354a. 

1:2:7 

Tlcdiiction of azo derivatives of fi-naphtliol-7- 
Bulphonic acid (Witt, ibid. 1888, 21, 3477). 

Acid, very sparingly soluble needles. 

Gives brown coloration with terric chloride. 

For diazo-oxide, cf. Geigy, G.P. 171024. 

Couples with diazotised bases (cf. Aktienges., 
l.c.). 

3:2:8 

Reduction of azo derivative.® of )3-naphthol-ft- 
sulphonic acid (Witt, Her. 1888, 21, 3474). 

Acid, very sparingly soluble leaflets. 

Gives brown coloration with ferric eliloride. 

For diazo-oxide, cf. Geigy, l.c. 

1:3:4 

(4:2:1) 

l-Ainino-3-nai)hthol suli)honHt{‘d with mono- 
hydrate (Friedliinder and Rudt, ibid. 1890, 
29, 1009). 

Acid, very sparingly soluble needles. Con- 
verted by water at 120 ’ into \.‘6-dihydroxy- 
naphthalene . 

1:3:0 

(4:2:7) 

Mixed with l:6:3-acid, by i)oiling a-iiaphthyl- 
amine-3:0-disulphonicacid with 75% caustic 
potash solution (Cassella, G.P. 82070). 

Acid, very sparingly soluble ; sodium salt 
separated by salting out from the 1:6:3- 
Isomer. 

Forms a readily soluble diazo-compound. 
Couples in alkaline solution with diazotised 
bases (Cassella, l.c.). 

1:4:2 

(4:1:3) 

Reduction of iiitroso or azo derivatives of a- 
nai)htiu)l-3-sulpli<)nic acid (Reverdin and 
de la Harpe, Ber. 1893, 26, 1281) (c/. 2:1:3). 

No description published. 

N-aryZ derivatives as intermediates for dyes 
(Sandoz, B.P. 539078). 

1:4:3 
(4:1 :2) 

(1) l-Amin()-4-iiaplithol sulphonatcd with 
10% anhydro-acid at 30-40’ (Seidel, ibid. 
1892, 26, 424 ; rf. FriedLindcr and Rein- 
hardt, ibid. 1804, 27, 239). 

(2) Reduction of nitroso (Conrad and Fischer, 
Aimalen, 1893, 273, 114) or of azo deriva- 
tives (Rcverdiii and de la Jiarpo, Her. 1892, 
25, 1403) of a-naphthol-2-suIplioJnc acid. 

Acid, HA. very sparingly soluble needles 
which give a grass-green solution in alkalis 
or alkali carbonates, rapidly becoming 
brown. 

Oxidised by dilute nitric acid to [a-^Jiavhtiia- 
Quinone-S-sulphcniic acid and phthalic acid ; 
by permanganate in alkaline solution to 
phthalic acid (Seidel, l.c.). 

1:4:5 

(4:1:8) 

( 1 ) Reduction of azo derivatives of a-naph- 
thol-8-8ulphouic acid (Reverdiu and de la 
Harpe, ibid., p. 1404). 

(2) Electrolytic reduction of a-nitroiiaphtha- 
lene-5-8ulphonic acid in sulphuric acid solu- 
tion (Gatterman, ibid. 1893, 26, 1852 ; 
Bayer, G.P. 81621). 

Acid, leaflets soluble in water but insoluble 
ill cold alcohol, solution in ammonia 
yellow ; lead and barium salts sparingly 
soluble in water (Bayer, l.c.). 

1:4:6 

(4:1:7) 

Electrolytic reduction of a-nitronaphthalene- 
0-sulphouic acid in sulphuric acid solution 
(Bayer, l.c.). 

Acid, needles soluble in water or cold alcohol, 
solution in ammonia yellow j lead and 
bmium salts soluble in water (Bayer, l.c ). 

1:4:7 

(4:1:6) 

Electrolytic reduction of a-nitronaphthalene- 
7-sulphonic acid in sulphuric acid solution 
(Bayer, l.c.). 

Acid, needles soluble in water or cold alcohol 
solution in ammonia yellow ; lead and, 
barium salts soluble in water (Bayer, l.c.). 

1:5:2 

(5:1:0) 

(1) a-Naphthylaminc - 2:5 - disulphonic acid 
digested with 60% caustic soda solution at 
240-270'’ (Laiidshoff, B.P. 6195, 1890; 
G.P.a. 4479). 

(2) From l;5-diaminonaphthalene-2-8uIphonlc 
acid by bisulphite reaction (Bucherer and 
Uhlmaim, J. pr. Chem. 1909, [ii], 80, 213). 

Acid, sparingly soluble needles. 

Gives green coloration with ferric chloride 
{cf. Bayer, G.P. 75317). 

Forms a sparingly soluble diazo-compound. 
Couples with diazotised bases {cf. Cassella, 
G.P. 82676). 

1:5:4 

(5:1:8) 

(1) From l-acetylamino-6-anilnonaphthalene- 
4-8uIphonlo acid ; or from 

(2) 1:5 - Dihydroxynaphthalene - 4 - sulphonic 
acid by the bisulphite reaction (Bucherer 
ibid., p. 223). 

Acid, HA, crystallises in needles. 

Couples with diazotised bases forming azo- 
dyes. 

1:5:6 

(6:1:2) 

l-Amlno-5-naphthol sulphonatcd with sul- 
phuric acid below lOO® (Aktienges., G.P. 
68664). 

Acid, very sparingly soluble needles. 

Gives blue coloration with ferric chloride. 

Forms greenish-yellow solution with nitrous 
acid. 

Couples with diazotised bases. 
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(constitu- 

tion. 

Pieparution. 

Acids, salts, and reactions. 

N;0:S 

1:5:7 

(5:3:3) 

M-acid. 

(1) a “ Naphthylamine - 5:7 - disiilphonic acid 
heated with 75% caustic soda solution at 
170^ (Badische, G.P. 73276; B.P. 2370, 
1893). 

(2) l:5-I)iaminonaplithalenc-3-sulphonic acid 
heated with water under pressure at 160° 
(Bas.sclla, (l.P. 85058). 

(3) Prom 1:5 - dihydroxynaphthalenc - 7 - sul- 
phonic acid by the bisulphite reaction 
(BadiBche, G.P. 117471 ; B.P. 1387, 1900). 

(4) l-Amino-5-naplithol-2:7-dlsulphoiiic acid 
heated with 10% sulphuric acid under pres- 
sure at 135° (Cassella, G.P. 188505). 

Acid and sodium salt, sparingly soluble 
leaflets. 

Gives black coloration with ferric chloride. 
Forms a deep orange -yellow sparingly 
soluble dmzo-compound (c/. Cassella, G.P. 
82076). 

Couples in alkaline solution with diazotised 
bases (c/. Badische G.P. 75327; 82572; 
B.P. 2370, 1893). 

With phenylhydrazine and sodium liydrogen 
sulphite carbazole. derivatives are formed 
(Bucherer and Zimmermanii, J. pr. Chem. 
1921, Lil], 103, 277). 

1:5:8 

(5:1:4) 

Prom l:5-dlaminonaphthaleiie - 4 - sulphonic 
acid by the bisulphite reaetion (Buchcrer 
and Uhlmann, l.c., p. 226). 

Acid, HA4 3iH20. 

Couj)les witli diazotised bases forming azo- 
dyes. 

1:6:3 

(6:2:7) 

(1) Mixed with l:3:6-acid, by boiling a-naph- 
thylamine-3:6-disulphonic acid with 75% 
caustic potash solution (Cassella, C.P. 
82670). 

(2) l-Amino-6-naphthol-3:5-disulphonic acid 
boiled with dilute acids (Cassella, G.P.a. 
5163). 

Acid, sparingly .soluble, sodium salt readily 
soluble. 

Forms a yellow sparingly soluble diazo- 
comiiound. 

Couples with diazotised bases (cf. Cassella, 
G.P. 82676). 

1:6:4 

(5:2:8) 

a-NaphthyIamine-4;6-dlsulplK)nic acid fused 
with caustic soda at 180-200° (Dahl, G.P. 
68232 : Friedlander and Kielbasiiiaki, Ber. 
1890, 29, 1979). 

Acid, sparingly soluble needles ; sodium salt, 
NaA, needles ; barium salt, prisms, readily 
soluble. 

Gives brownish coloration with ferric chloride. 
Forms a sparingly soluble rfiazo-compound. 
Couples with diazotised bases {cf. Cassella, 
G.P. 82076). 

1:6:8 

(5:2:4) 

Nitration of O-acyl derivatives of 2-naphth<)l- 
4-sulphoDic acid, hydrolysis and reduction. 

Sodium salt, sparingly soluble (Geigy, B.P. 
55:1535). 

1:7:3 

(8:2:6) 

Mixed with a more soluble isomer, by heating 
a-iiaphthylamine-3:7-disulphonic acid with 
40% caustic soda under pressure at 200° 
(Cassella, G.P. 57007 ; 58352). 

Acid, very sparingly soluble needles ; sodium 
salt readily soluble leallets. 

Fonns a very sparingly soluble diazo- com- 
pound. 

Couples with diazotised bases, giving two 
series of monoazo-dyes (Cassella, 7.c.). 

1:7:(4) 

(8:2:(5)) 

1:7:5 

(8:2:4) 

l-Amino-7-riaplithol sulphoiiated with sul- 
phuric acid below 30° (Cassella, G.P. 75066). 

Acyl derivatives of j5-naphthol-4-8ulphouic 
acid are nitrated and reduced. After re- 
moving the l:6:8-isomer as sparingly soluble 
sodium salt, the solution is acidified to 
precipitate the 1:7: 5-acid (Gelgy, B.P. 
553535). 

Acid, sparingly soluble ; alkali salts readily 
soluble. 

Fonns a sparingly soluble diazo-compound. 
Couples in alkaline solution with diazotised 
bases (cf. Cassella, l.c. Bayer, G.P. 198138). 

1:8:2 

(8:1:7) 

(1) a-Naphthylamine - 2:8 - disiilphonic acid 
fused with caustic soda at 170-220° (Cas- 
sella, G.P. 75710). 

(2) l-Amino-8-iiaphthol-2:4-di8ulphonic acid 
boiled with 60% sulphuric acid (Cassella, 
G.P. 76710). 

Acid, sparingly soluble radiate prism.s. 

Forms a dark brown sparingly soluble diazo- 
compound. 

Couples with diazotised bases {cf. Cassella, 
G.P. 82676). 

1:8:3 

(8:1:6) 

(1) a - Naphthylamine - 3:8 - disulphonic acid 
fused with caustic alkali below 210° (Bayer, 
G.P.a. 4723 ; B.P. 13443, 1890). 

(2) l-Amlno-8-naphthol-3:5-disulphonic acid 
boiled with dilute sulphuric acid at 140° 
(Leonhardt, G.P.a. 8626; B.P. 19263, 
1895 ; Cassella, G.P. 108848). 

Acid, sparingly soluble prisms or needles ; 

sodium salt readily soluble. 

Forms an orange-yellow sparingly soluble 
diozo-compound. 

Couples with diazotised bases {cf. Cassella, 
G.P. 82676). 

1:8:4 

(8:1:5) 

S-acid, 

See text (p. 854a). 

See text (p. 3546). 

1:8:6 

(8:1:4) 

(1) From l:8-diaminonaphthalene-5-suIphonic 
acid either by boiling with 20% sulphuric 
acid (Cassella, G.P. 73607 ;B.P. 4613, 1893), 
or by the bisulphite method (Bayer, G.P. 
109102 ; B.P. 16807, 1899). 

(2) a - Naphthylamine -5:8 - disulphonic acid 
heated with 75% caustic potash solution at 
150“ (Bayer, G.P. 75055; B.P. 15269, 
1893). 

Acid, very sparingly soluble needles ; sodium 
and potassium salts readily soluble, showing 
violet fluorescence in solution (Cassella, 
l.c.). The calcium salt is easily soluble 
(Badische, G.P. 77937). 

Gives dirty green coloration with ferric 
chloride (Bayer, G.P. 75056). 

Forms a readily soluble yellow diago-com- 
poimd (Cassella, l.c.). 
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Constitu- 

tion. 

1 

Preparation. 

Acids, salts, and reactions. 

N:0:S 

1:8:5 

(8:1:4) 

(3) 8 - Cliloro-a-naphthylaiuino - 5 - sulphonic 
acid hi'ated with 50 caustic soda solution 
under pressure at 190° (Badische, G.P. 
112778). 

(4) Mixed with 1:8:7 acid, when l-amino-8- 
naplithol is sulphonated with sulphuric acid 
at 15-20° (Badische, C.P. 02289; B.P. 
9676.1890; B.P. 77937 ; 84951). 

Couples in acid or in alkaline solution with 
diazotised bases, being used as a middle 
component for disazo-dyes (cf. Badisclie, 
G.P. 81241; 114906). 

For benzoyl derivative and azo-dye.s tliere- 
from, cf. Badisclie, G.P. 54662 ; B.P. 
9676, 1890). 

1:8:0 

(8:1:3) 

(1) l:8-Diamliioiiaphthalenc-3-sull)hoiuc acid 
heated with 15'^^ sulphuric acid at 120° 
(Cassella, U.P. 70780 ; B.P. 0972, 1891 ; 
f/. Cassella, B.P. 73607). 

(2) a - Naphthylaniine - 6:8 - disulphonic acid 
heated with 50 ^'o caiistie, potash solution 
under pressure at 200° (Bayer, G.P. 80853 ; 
B.P. 15269, 1893). 

(3) l-Amino-8-naphthol-4:6-disulph()nic acid 
l)oiled witli zinc dust and dilute caustic soda 
solution (Kalle, B.P. 233934). 

Acid, sparingly soluble needles ; sodium and 
pot/issiwn salts readily soluble ; barium 
salt, needles (Mayer, l.c.). 

Gives green coloration with ferric chloride 
(Bayer, l.c.). 

Forms a yellow .sparingly soluble diazo- 
compound (Mayer, l.c.). 

Couph'K in alkaline solution with diazotised 
l)ases (cf. Mayer, B.P. 82074 ; 85389 ; B.P. 
15269, 1893). 

1:8:7 

I-Amino-8-naphthol sulphonated with 75% 
sulphuric acid at 130-160° (Badische, B.P. 
82900) or (mixed witii l:8:5-aeid) with sul- 
phuric acid at 15-20° (Badi.'^che, B.T». 84951). 

Acid, sparingly solubh' ; calcium salt almost 
insohihle. 

Forms a readily soiublp rf<>/zo-eompound. 
Couples with diazotist'd bast's. 

2:1:3 

Iteduction of a zo, derivatives of a-iiaphthoI-3- 
sulphonie arid (Batteriuami and Schulze, 
Ber. 1897, 30, 54). 

Acid, HA, broad needles. 

2:1:4* 

(J) lleductioii of azo (Koiiig, ibid. 1890, 23, 
808) or nitroso derivatives of a-napthol-4- 
sulphonic arid (Witt and Kaufmann, ibid. 
1891, 24, 3162). 

(2) Action of S(uliuni iusulphite on 2-nitroso- 
a-iiaphthol (Schmidt, J. pr. Chem. 1891, 
[ii], 44, 531 : rf. Boiiiger, Ber. 1894,27, 29) 
or [i9-]naphthaquinono-fi-ehlorimido (Fried- 
lander and Kciiihardt, Ibid. 1894, 27, 242). 

Acid, HA, sparingly soluble needles (Fricd- 
liinder and Reinhardt, l.c.). 

Forms a violet-blaek dyt'stud’ by oxidation 
with air (Rt'verdin and de la Harpe, G.P. 
63043 ; B.P. 16377, 1891). 

Not diazotisablo in acid solution (cf. Cassella, 
B.P. 82676), but in absence of acid, gives 
diazo-oxide (cf. Geigv, G.P. 171024 ; B.P. 
30235, 1904), 

2:1:5* 

Reduction of azo derivatives of a-naphthol-5- 
sulphonic acid (Battermann and Schulz(', 
ibid. 1897, 30, 51 ; cf. Reverdin and de la 
llarpe, ibid. 1893, 26, 1280). 

Acid, HA, sparingly soluble scales or needles. 
l)iazotisal)le in absence of free mineral acid 
giving diazo-oxide (cf. Geigy, G.P. 171024 ; 
B.P. 102:15, J904). 

2:1:7 

Reduction of 2-nitro-a-naphthol-7-aulphonic 
acid (Finger, J. pr. Chem. 1909, [iij, 79, 
444). 

Acid, HA-I- 2 H 2 O, needles: alkaline solution 
becomes dark green on exposure to the air. 

2:1:8 

Reduction of 2-nitroso-a-naphthol-8-8ulphonic 
acid with iron and ferrous chloride (I.C.I., 
B.P. 417861). 

Acid, sparingly sohihlo colourless needles; 
alkaline solution on oxidation gives a 
characteristic deep green colour. 

2:3:6 

(3:2:7) 

(1) - Naphthylamiiie - 3:6 - disulphonic acid 
heated with 75% caustic soda at 230-250° 
(Hdchst, G.P. 53076; B.P. 15176, 1889; 
Friedlttnder and Zakrzewski, Ber. 1894, 
27, 763). 

(2) 2:3 - Dihydroxyriaphthalene - 6 - sulphonic 
acid heated with ammonia at 150-160° 
(Aktlenges., G.P. 62964 ; cj. Oesterreich, 
J.S.C.I. 1898, 17, 830). 

Acid, very sparingly soluble needles ; sodium 
salt leaflets ; barium salt, BaA 2 , sparingly 
soluble. 

Gives dark blue coloration with ferric chloride 
(Hdch.st, l.c.). 

Forms an orange dliazo-compound (cf. Hfichst, 
l.c. \ Cassella, G.P. 109932; B.P. 28107, 
1897). 

Couples in alkaline solution with diazotised 
, bases (cf. Aktienges., G.P. 84145). 

2:4:6 

(3:1:7) 

a-Naphthol-3:7-disulphonic acid heated with 
ammonia under pressure at 180° (Kalle, 
G.P. 94079). 

Acid, sparingly soluble leaflets ; alkali salts 
readily soluble. 

Forms a yellow diazc-compnimd. 

Couples with diazotised bases. 

2:4:7 

(3:1:6) 

(1) jS - Naphthylamiiie - 4:7 - disulphonic acid 
heated with 35% caustic alkali at 200° 
(Bayer, G.P.a. 7978 ; B.P. 25214, 1894). 

(2) a-Naphthol-3:6-disulphonic acid heated 
with ammonia under pressure at 180° 
(Kalle, G.P. 94079). 

Acid, moderately soluble leaflets ; alkali 
salts readily soluble. 

Forms a yellow diazo-compound. 

Couples in alkaline solution with diazotised 
bases (cf. Bayer, l.c.). 

2:4:8 

fl-Naphthylaminc-4:8-dlsulphonic acid fused 
with 80% caustic alkali at 215° (Bayer, 
G.P.a. 8070 ; B.P. 3580, 1896). 

Acid, sparingly soluble needles ; alkali salts 
easily soluble. 

Gives no coloration with ferric chloride. 

Forms a yellow sparingly soluble diazo-com- 
pound. 

Couples in alkaline solution with diazotised 
bases. 


♦ An acid containing the sulphonic group in either the 4- or 5-position is produced when 2-amino- 1-naphthol 
is sulphonated with 10% anhydro-acld at 40®. It is sparingly soluble and gives a brown coloration with ferric 
chloride (Beverdin and de la Haipe, Ber. 1803, 26, 1280 ; Kern and Sandoz, G.P. 69228). 
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Constitu- 

tion, 

Preparation. 

Acids, salts, and reactions. 

N:0:S 

0:]:(‘2)) 

and 

ii:r>:(8) 

(«:1:(4)) 

2-/Vniino-5-nai)hthol sulphonatcd \vit)i snl- 
pinine a<'id at 20-30" (Hnv<'r, (l.P.a. 7372; 
B.P. .5267, 1804) forms two acids al.out 
whicli little is known, the yi(dd of tin* less 
Holiihl(‘ bein>? 30*5,. 

One of the acids gives a dirty precipitate, the 
oiher, a bluish-grey preciiutate with ferric 
clihuide. 

Bach acid forms a yellow <Z^f/^o-compollnd and 
couples with diazotised bases. 

2:.5: 1 

jS-Nardithylamine- 1 ;5-disulplu)nie arid fused 
with raiistie alkali at 210 -230" (Kalh‘, C.P. 
233105; 212052; B.P. 0743 ; 0744, lOlO). 

Arid, UKKierately soluble needles. 

Gives l)rowjiish-red t/razo-compoiind. 

Couple.s in alkaline solution. In acid solution 
lo.ses its siilphonic group in coupling. 

On sulphoiiatioii gives 2:r>-amirionaphthol- 
1:6- and -6:8-di.sulphonic acids. Boiled 
with dilute mineral acids it gives 2:5-amino- 
naphthol. 

Gives 1:6 - dUiydroxynaphthaletie-5~8ulp7ionir 
arid by the bi.sulphite method and in the 
pre.sence of ammonia ^:{\-diaminonnphtha- 
Irne-b-mlphonir. aad (Bucherer and VValil, 
J. pr. Chem. 1921, [ii], 103, 129). 

2:5:7 

(6:1:3) 

J-aci(l. 

S>r text (v). 354c). 

See t<!xt (p. 354c). 

2:5:8 

1 :6-DihydroxynaphtIialene-4-siil])honie acid 
heated with 28^5, ammonia under pressure 
at 140-180^ (Dahl, (l.P. 70285 ; B.J‘. 4110, 
1802). 

Acid, .sparingly soluble ; alkali salts readily 
diible. 

Gives brown coloration with ferric chloride. 
Forms a yellow ai>aringly Kolul)le diazo-com- 
pound. 

Couples in acid or in alkaline solution with 
diazotised bases (Dahl, l.c, ; G.P. 67258). 

2:6:4 

Koduction of 6-iutro-2-naphthoI-8-sulphonic 
acid (Jaeeiiia, Aufialen, 1902,323, 124). 

Acid, HA-f H 2 O, sparingly soluble needles. 
Forms a yellow sj)aringly soluble diazo-com- 
pound. 

2:6:8 

(6:2:4) 

Ilcdnotion of 6-nitro-2-naphthol-4-suIphoiiic 
ae.id (lluggli and Zimtnermann, Helv. Ohim. 
Acta, 1030, 13, 256). 

Couples with diazotised bases to form dyes. 

2:7:(3) 

(7:2:(6)) 

2:7 - Dihydroxynaphthaleiieanlphonic acid 
h(;atod with 30% ammonia under pressure 
at 120-150” (Aktienges., G.P. 63956). 

Acid, very sparingly soluble; alkali salts 
easily soluble. 

Gives greenisli-bJaek coloration witli ferric 
chloride. 

Forms a yellow sparingly soliiblo titazo-eoni- 
pound. 

Couples in acid or in alkaline .solution with 
diazotised bases. 

2:7;? 

(7:2:?) 

Partial hydrolysis of the disulphonic acid 
formed from 2-amino-7-naphthol by siil- 
phonation with sulphuric acid at 30" ((’as- 
sella, G.P. 131526). 

Acid, needles ; sodium salt, NaA-} H 2 O, 
sparingly soluble. 

Gives violet precipitate with ferric chloride. 

Forms a yellow sparingly soluble diazo-com- 
pound. 

Couples in acid or in alkaline solution with 
diazotised ba.ses, giving two series of mono- 
azo-dyes. 

2:8:(5) 

(7:1:(4)) 

2;8;(7) 

(7:1:(2)) 

2-AmIno-8-naphthol sulpliouated with sul- 
phuric acid at 30° forms two acids in about 
equal proportion ( Bayer, G.P. a. 7335 ; B.P. 
5148, 1894). 

“ Sch." acid, readily, “ V ” acid, sparingly 
soluble ; separated by adding acid to solu- 
tion of mixed calcium salts. 

Each acid forms a yellow soluble diazo-com- 
pound and couples with diazotised bases. 

2:8:6 

(7:1:3) 

y-acid. 

See text (p. 354d). 

See text (p. 354d). 


Aminonaphtiioldisulphonic Acids. 


Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 

N;0:S;S 

1:2:3;6 

Reduction of azo derivatives of fl-naphthol- 
8:6-disulphonic acid (Witt, gTp. 49857 ; 
Ber. 1888, 21, 3479). 

Acid sodium salt, NaHA, readily soluble 
needles. 

Gives dark brown coloration with ferric 
chloride. 

Biazotisable in absence of mineral acid giving 
diazo-oxide (cf. Gelgy, G.P. 171024), 

Does not couple with diazotised bases. 
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Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 

N:0:S:S 

1:2:3:7 

Reduction of l-iiitroso-j3-naphthol-3:7-di8ul- 
phonic acid (Geigy, Xi.P. 171024; B.P. 
10235, 1904). 

Acid, sparingly soluble ; alkaline solutions 
greenish-yellow. 

Diazotlsable in absence of mineral acid giving 
diazo-oxide, (cf. Geigy, l.c.). 

1:2:4;6 

Interaction of 1 - nitroso - ^ - iiai)hthol-6-sul- 
phonic acid and sulphurous acid (Boniger, 
Ber. 1894, 27, 3052). 

Acid sodium salt, NaHA, readily soluble 
needles. 

Diazotisable in absence of mineral acid giving 
diazo-oxide (cf. Geigy, l.c.). 

1:2:4:? 

Sulphonation of l-amino-2-naphthol-4-sul- 
phonic acid with moiiohydrate below 100° 
(Greisheim.G.P.a. 15414 ; 15820; B.P. 3655, 
1908). i 

Acid sodium salt, NaHA, very soluble, shows i 
in solution bluish -green iluoresconce like 
the acid sodium salt of the 4:6-di8ulphonic 
acid, with which It may be Identical. 

1:2:4:7 

Interaction of l-nitroso-jS-iiaphthol-7-sul- 
phonic acid and sulphurous acid (Boniger, 
Ber. 1894, 27, 3052). 

Acid sodium salt, NaHA, sparingly soluble 
needles. 

Diazotisable in absence of mineral acid giving 
diazo-oxide (cf. Geigy, l.c.). 

1:2:6:8 

Reduction of azo derivatives of )3-naphthol- 
6:8-disulphonic acid (Witt, Q.P. 49857 ; 
Ber. 1888, 21, 3981). i 

Acid sodium salt, NaHA, easily soluble prisms. 
Gives dark brown coloration with ferric 
chloride. 

Forms diazo-oxide (cf. Geigy, l.c). 

1:4:3:C) 

(4:1:2:7) 

(1) B.eduction of azo derivatives of a-naph- 
thol-2:7-disulphonic acid (Reverdin and de 
la. Harpe, ibid. 1802, 25, 1405). 

(2) Electrolytic reduction of a-nitronaphtha- 

lene-3:6-di8ulphoriic acid (Bayer, G.P. 
81621). i 

Acid, sparingly soluble needles; sodium salt 
readily soluble. 

Gives a dark red coloration with ferric 
chloride (Bayer, l.c.). 

Is not diazotisable (cf. Reverdin and de la 
Harpe, Ber. 1893, 26, 1284). 

1:4:3:7 

(4:1:2:6) 

Electrolytic reduction of a-iiitronaphthalene- 
3:7-disulphonic acid (Bayer, G.P. 81621). 

Barium salt, sparingly soluble. 

Gives a rose-red coloration with ferric chloride. 

1:4:3:8 

(4:1:2:6) 

B-cduction of 4-nitro8o-a-iiaphthol-2:5-disul- 
phonic acid (Friedliinder, Ber. 1895, 28, 
1536). 

Acid, readily soluble needles. 

Is not diazotisable, and does not couple with 
diazotised bases. 

l:r):2:7 

(6:1:3:C) 

a ' Naphthylamino - 2:5:7 - trisulphonic acid 
heated with 50% caustic potash at 180-200° 
(Bayer, G.P.a, 7001 ; B.P. 17141B, 1893 ; 
CasseUa, G.P. 188505). 

Acid sodium salt, moderately soluble needles. 
Gives wine-red coloration with ferric chlorid*. 
Fonns an orange-red soluble diazo-compound, 
which with sodium carbonate solution be- 
comes sky-blue and then orange. 

1:5:3:7 

(5:1:3;7) 

Fusion of a-naphthylaminc-3:5:7-trisulphonic 
acid with caustic soda at 160-170° (CasseUa, 
G.P. 75432). 

Acid and acid sodium salt readily soluble 
(CasseUa, G.P. 84962). 

Gives dark-green coloration with ferric 
chloride (CasseUa, G.P. 84952). 

Forms an orange (iiazo-compound. 

Couples in alkaline solution with diazotised 
bases (cf. CasseUa, l.c. ; G.P, 83011). 

1:6:(4):(6) 

{):1:(2):(8) 

l-Ainino-5-naphthol sulphonatcd with 23% 
anhydro-acid at 100° (Aktienges., G.P.a. 
3767). 

Acid and sodium salt readily soluble. 

Forms a yellow diazo-corapound. 

Couples with diazotised bases. 

1:6:3:5 

(5:2:i:7) 

l-Araino-6-naphthol-3-8ulphonic acid sul- 
phonatcd with 12% anhydro-acid below 20° 
(CasseUa, G.P.a. 5163 ; cf. G.P. 84952). 

Acid sodium salt readily, calcium salt sparingly 
soluble. 

Gives violet-black coloration with ferric 
chloride. 

Forms a yellow soluble diazo -compound. 

Couples In acid or alkaline solution with 
diazotised bases, but gives only one series 
of monoazo-dyes. 

1:6:3;7 

(6:2:3:7) 

l-Amino-6-iiaphthol-3-sulphonic acid heated 
with sulphuric acid at 140-150° or the 3:5- 
disulphonic acid heated with sulphuric acid 
at 150° (CasseUa, G.P. 84952 

Acid sodium salt, sparingly soluble needles. 
Gives greenish-black coloration with ferric 
chloride. 

Forms a soluble rfiazo-compound. 

Couples in alkkline solution with diazotised 
bases (cf. CasseUa, l.c. ; G.P. 95988). 

1;7:(4);? 

(8:2:(6):?) 

l-Amiiio-7-naphthol sulphonated with sul- 
phirric acid above 100° (CasseUa, G.P. 
69458 ; cf. G.P. 75066). 

Acid readily soluble. 

1:8:2:4 

(8:1:5:7) 

2 8-acid. 
Chicago 
»Acid. 

Fusion of naphthasultam-2:4-dlsulphonic acid 
(“a - napnthylamine - 2:4:8 - trisulphonic 
acid”) with 90% caustic soda at 170° 
(Aktienges., G.P.a. 3346 ; B.P. 2984, 1893 ; 
Bayer, G.P. 79566; 80668; B.P. 4979, 
1893 ; CasseUa, G.P. 75710 ; Dressel and 
Kothe, Ber. 1894, 27, 2141). 

Acid readily soluble; aoiA sodium salt, 
NaHA -1- H 2 O, easily soluble needles ; cal- 
cium salt moderately soluble. 

Gives a greenish-black coloration with ferric 
chloride. 

Forms a reddish-yellow soluble diazo-com- 
pound. 

Couples in acetic acid or in alkaline solution 
with diazotised bases giving on^ one series 
of monoazo-dyes, but in HCI solution, 
disazo-dyes of the 4-mono8ulphonic acid 
may bo formed (cf. Bayer, G.P. 77703 ; 
B.P. 4979, 1898). 
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Aminonaphtholdisulphonio Acids — continued . 


Constitu- 

tion, 

Preparation. 

Acids, salts, and reactloiiH. 

N;0:S:S 

l:8;(2):(r)) 

8;1:(4);(7) 

1:8 - I)iaminoiiaphllial(‘ne - (2):.^} - disiilphonic 
acid boiled with 20% sulphuric arid (Caa- 
S('lla, C.P. 73048). 

Acid mod('ratc]y, acid sodium salt readily 
soluble. 

Gives l)rown eoloration with ferric cliloride. 
Forms yellow rfZflzo-eompound. 

Couples with diazotis('d bases {cf. Cassella, 
G.P. 84952). 

1:8:2:? 

(8:1:?;7) 

1:8 - l)iaruiii()naj)hthalenctrisu]f)hoiiic acid 
boiled with water or 10% sulj)buri<- acid 
(Pihchesscr, (l.P.a. 750;") ; B.P. J3203, I80f). 

Acid sodium salt, NaHA, moderately soluble. 
Gives green coloration with feme c.bloride. 
l<'onns a .soiiiblc yellow rf/aeo- com pound. 
Couples in acid solution with diazotised bases. 

1:8:.'3:.^) 

(8: 1:4:0) 

l-Amino-8-napht)io]-.3-Hu]phonic acid sul- 
])houati‘d with uiouohydratc at the ordinary 
teraperature (J.eonhardt, C.P.a. 802(5; 
B.P. 10253. 1805 ; CaHSclla, C.P. 108848). 

Acid and acid sodium salt si)aringly soluble. 

Forms a yellow si)uringly soluble diazo-com- 
pound. 

Couples in acid or alkaline solution with 
diazotised bases, forming two series of 
monoazo-dyes {cf. Cassella, l.c.). 

1:8;3:C 
(8; 1:3:0) 
ll-aci(l. 

*SVc text (p. 3546). 

Sre text (p. 3546). 

1:8:4:0 

(8:l;3:r0 

K -acid. 

Fusion of a-naphthylainlne-4:G;8-trisulphonie 
acid with 70%, (‘austic soda under luc.ssiirc 
at ITS'* (Payer, U. P.80741 ; B.P. 1714 ic, 
1803; Kalle, U.P. 90161 ; B.P. 5J 5, 1894). 

Acid sodium salt readily soluble needles, 
(Bayer, l.c.). 

Gives .vellowish-greeii coloration uitli ierric 
eliloride. 

Forms a readily soluble yellow diazo-corw- 
ptnind. 

(\)uples in acid or alkaline solution with- 
diazotised bases forming two series of 
monoazo-dyes {cf. Kalle, l.c. ; G.T*. 

108266).* 

1:8:4:(7) 

(8:l:(2):r)) 

J -Amino - 8 - naphthol - 4 - siilphonic acid sul- 
phonat;^^! with 23% anhydro-acid at the 
ordinary temperature (Aktienges., (4.P.a. 
3918 ; Badiache, G.P. 125696 ; B.P. 
18306, 1900). 

Acid sodium salt si)aringly soluble needles. 

Gives brownish-black coloration with ferric 
chloride. 

Forms a yellowish-brown ditfzo-conipound. 
(kuip]«5s with diazotised bases {of. Aktienges., 
l.c.). 

J:8:5:7 

(8:1;2:4) 

1 -Amino - 8 - naphthol - 6 - sulphonic or 7-sul- 
phonic acid sulphonated with monohydrate 
at 100° (Badische, G.P. 62289 ; B.P. 9676, 
1890 ; cf. Badische, G.P. 82900). 

Acid readily soluble leaflets ; acid sodium 
salt readily soluble. 

(lives blue coloration with ferric chloride. 
Forms a sparingly soluble yellow diazo-com- 
pound. 

Couples with diazotised bases (cf. Cassella, 
G.P. 84952). 

]:8:(5):? 

(8:1:(4):?) 

Fusion of naphthasultamdisulphonic acid 1) 
witli 90% caustic soda at 170° (Bayer, G.P. 
80668 ; B.P. 4979, 1893). 

Acid sodium salt modcTately soluble netaUes. 
Gives green coloration with ferric chloride. 
Couples with diazotised bases. 

2;1:3:0 

Reduction of 2-nitroso-a-naphthol-3:6-di.sul- 
phoiiic acid (Gcigy, G.P. 171024; B.P. 
10235, 1904). 

Acid sodium salt easily soluble needles. 
Diazotisable in absence of mineral acid giving 
a diazO‘Oxide (cf. (Jeigy, l.c.). 

2: 1:3:8 

Reduction of azo derivatives of a-naphthol- 
3:8-disulphonic acid (Bernthseii, Ber. 1890, 
23, 3093). 

BJazotisable in absence of mineral acid giving 
a diazo-ozide (cf. Geigy, l.c.). 

As component in dyes, (iesellsch., B.P. 
249884. 

2:1:4:6 

Reduction of azo derivatives of a-naphthol- 
4:6-disulphonic acid (Reverdin and de la 
Harpe, ibid. 1893, 26, 1282 ; cf. Boniger, 
ibid. 1894, 27, 3052). 

Acid readily soluble ; acid sodium salt spar- 
ingly soluble needles. 

2:1:4:7 

Reduction of azo or nitroso derivatives of a- 
naphthol-4:7-disulphonic acid (Reverdin 
and de la HarjJC, l.c. ; cf. Boniger, l.c. 3054). 

Acid, moderately soluble needles ; sodium 
salt readily soluble. 

Diazotisable in absence of mineral acid giving 
a diazo-ozide (cf. Geigy, l.c.). 

2:1:4:8 

Reduction of azo derivatives of a-nai)hthol- 
4:8-disulphonic acid (Reverdin and de la 
Harpe, l.c., 1283). 

Acid and acM sodium salt moderately soluble. 
Diazrjtisablc in absence of mineral acid giving 
a diazo-ozide (cf. Geigy, l.c.). 

\ As component in dyes, GescUsch., B.P. 
249884. 

2:3:6:8 

(3:2:5:7) 

Sulphonation of 2-anuno-3-naplithol-6-sul- 
pnonic acid (Aktienges., G.P. 86448 ; B.P. 
8645, 1895). 

No description published. 


* The coloration produced by the interaction of K-acid with sulphahilic acid in the presence of nitrous acid 
forms a delicate test for minute quantities of nitrites in water (Erdmann, Ber. 1900, 83, 218). 
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Constitu- 

tion, 

Preparation. 

Acids, salts, and reactions. 

N: 0 :S:S 

2:4:r):8 

(3:1:5;7) 

BigoHtion of )3-naplithylanun('-4;0;8-triHul- 
phonie acid witli 00’,*,, causti(‘ soda at 170 
180'" (RaycT, (l.P.a. 8154; (J.P. 80242). 

Acid sodium salt, moderately soluble. 

Gives hliiisli-grccn coloration with ferric 
chloride. 

Forms a ])al(^ yellow 6 ?)V/ 2 o-compound. 

(k»ui>lcs with diazotis('d l)as«'s. 

2:7): 1:7 

Digention of )S-naplitliylamiiu>-l :5:7-trisul- 
])lionie acid M'ith GO'*;, caustic soda at 100 ' 
220'" (Haycr, (J.!*. 80878 ; R.I*. 20580, 1803). 

Acid sodium salt readily s()lul)l(' tU'iaUcs. 

Giv(*H green coloration with ferric chloride. 
Forms an orange-yellow soluble diazo-con\- 
pound. 

Goiiples in alkaline solution with diazotised 
bases (e/. Bayer, G.]‘. 02708 ; B.P. 10G2, 
1804). 

2:.''>:3:7 

(r):l:3:7) 

P - Nai)htliyJaTMlu(‘ - 3:5:7 - tiisulphoidc a<*id 
lu'atcd with 30 ‘a> <'austic soda at 100 
(Odder, O.i*. J.58I47; J1.J‘. 1581, lOOl). 

Acid sodium salt easily soluble. 

(Jiv(‘s y(‘lIowish- brown coloration with ferric 
chloride. 

Forms an easily soluble orange diazo-com.- 
poiind. 

Coui)les in alkaline solution with diazotised 
bases. 

2 8 
(0:2:1 :1) 

From 0-iiitro- l-diazo-2-na])]ith()l-4-sulphouic 
acid heated with sodium sulphite and copper 
sulphate followed l)y reduetiou of the uitro- 
grou]) (Krebser and Vaiinotti, Helv. (’1dm. 
Acta, 1038,21, 1231). 

Monosodium salt, 1 H 2 O, mieroerystalliue 
l)ow(ler. 

Aik'uU salts show a strong gn'en fluoresconee 
in a(|ueous solution. 

Gives a violet coloration with ferric chloride 
quickly changing to green. 

2: 7:3:0 
(7:2:3:0) 

( 1 ) |lS-Nai)hthylamine-3:G:7-trisulph()nic acid 
lu'atcd with 55‘/„ caustic soda at 180 240" 
(JJayer, (J.P.a. 7010; J3.P. 17141, 1803; c/. 
Payer, O.P. 80878). 

(2) 2:7 - Dihydroxynaphthalciio - 3:G - disul - 
phonic acid hi'atcd with 23 '^o ammonia at 
180 220" (Akti(;iig<‘s., O.I*. 75142, Ji.P. 
1G190, 1803). 

(3) 2-Amiii()-7-iiai)litliol sulphonatcd with sul- 
phuric acid at 30" (Cassella, 15. P. 13I52G). 

Acid sparingly soluble ; acid sodium salt 
si»ariugly solubh^ rieedh'S. 

Gives dec]) violet coloration with ferric 
chloride (Bayc'r, l.c. ; Aktiong(“s., Lc.). 

P'orins a sparingly soluble yellow diuzo-com- 
pound ((’asseila, l.c.)- 

Couples only slowly or not at all with 
diazotised bases (Cassella, l.c.). 

2:8:3:« 

(7;1:3:0) 

Pusiou of )3-naphthylaminc-3:G:8-trisulphonic. 
acid with 80% caustic soda at 220-260° 
(Hdchst, G.P. 53023 ; B.P. 15175, 1889). 

Acid and salts readily soluble. 

Gives dark green coloration with ferric 
chloride. 

Forms a yellow 8i)ariugly soluble diazo-com- 
pound. 

Couples in alkaline solution with diazotised 
bases (r/. Aktienges., G.P. 108215; B.P. 
14805, 1803). 

With chlorosuli)honic acid gives a disulphonyl 
chloride, yellow crystals, darkening above 
250° (T.G., B.P. 331596). 


Ajiinonafhtholtrisulphonic Acids. 

l-Amino-2-naphthol and 2-Amino-l- 
naphthol-3:6:8-trisulphonic Acids arc ob- 
tained by reduction of azo derivatives of the 
corresponding jS-riaphthol- and a-naphthol- 
3:6:8-tri8ulphonic acids. They give diazo-oxides 
on diazotisation in absence of mineral acid 
(Geigy, G.P. 171024; B.P. 10235, 1904). 

1- Amino - 8 - naphthol-2:4:6-trisu I phonic 
Acid, obtained by fusing naphthasidtani-2:4:(>- 
trisulphonic acid with 85% caustic potash at 150- 
160°, forms a sparingly soluble acid potassium 
salt, gives a green coloration with ferric chloride, 
also a readily* soluble orange dmsio-compound, 
and couples with diazotised bases (Bayer, G.P. 
84597). 

Nitroaminonaphtholsulphonio Acids. 

The nitroarnino-a-Tiaphtholf obtained from 2:4- 
dinitro-a-naphthol by reduction with am- 
monium sulphide, forms yellow needles, m.p. 
130° (EbeU, Ber. 1876, 8, 564). 

(i) (?)- Nitro- 1 - amino - 2- naphthol - 4- 


[suiphonic Acid. — If nitrosulphuric acid, con- 
! taming sufficient anhydride to remove water 
formed in the reaction, is added to a suspension 
of 1 -amino-2 -naphthol-4-8ulphonic acid in mono- 
hydrate at 0° nitration, instead of oxidation, 
occurs. The nitro- compound formed, yellowish- 
brown needles, yields a diamino- 2 - tiaplUholA- 
sulphonic acid on reduction and, when 
diazotised, a diazo-oxide closely resembling the 
6-nitro-l-diazo-2-naphthol-4-suiphonic acid of 
G.P. J 64655 in properties (Kallc, G.P. 249724). 

(ii) 3- Nitro - 1 - amino -4-naphthol- O-sul- 
phonic Acid, obtained from 2:4-dinitro- 
1 - naphthol - 7 - sulphonic acid (Naphthol 
Yellow S) by reduction with stannous chloride 
and hydrochloric acid (Finger, J. pr. Chem. 1909, 
[iij, 79, 442) forms sparingly soluble golden 
yellow scales. It is diazotisable (Gesellsch., 
G.P. 189513; B.P. 7636, 1906). When boiled 
with copper powder in alcohol it gives copper 
2-7iitro-l-naphthol-l-8ulphonate (Finger, /.c.). 

(iii) 4-Nitro- 2-amino-l-naphthol-7-sul - 
phonic Acid is obtained when Naphthol 
Yellow S in ammoniacal solution is reduced 
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with sodium sulphide at 90-95°. It forms 
yellow crystals, sparingly soluble in cold water 
and can be diazotised (Gesellsch., B.P. 487718). 

(iv) (8)-Nitro-2-amino-3-naphthol-6-sul- 
phonic Acid has been prepared by adding 
sodium nitrate to a solution of 2-amino-3- 
naphthol-6-sulphonic acid in sulphuric acid at 
5°. It forms yellow needles. Its sodium and 
potassium salts are easily soluble, and it can be 
diazotised (Cassella, G.P. 110369; 111933). 

N ITRODT A ZO N APHTHOLS ULPHONIO Aci DS . 

Although in some cases nitro-l-amino-2- 
naphtliol- or nitro-2-amiiio-l-naphtholsulphoriic 
acids have not been described, the corresponding 
diazo-compounds can be obtained by nitrating 
o - diazo - naphtholsulphonic acids. 6 - Nitro-\- 
diazo-2-naphthnl-4-sul phonic acid (Geigy, G.P. 
164655; B.P. 15418, 1904) forms pale yellow' 
crystals and couples with phenols and amin(*s 
forming azo-dves (Geigv, G.P. 169683; B.P. 
15982, 1904 ; cf. also p. 353d). Nitro-2-diaz()-l- 
naphthol8u]j)honic acids are obtained from the 
diazo derivative of the aminonaphtholsulphonic 
acids by nitration with mixed acid (Gestdlsch., 
B.P. 491398). Nitro-\-diazo-2-7ia2)hthol-G-sul- 
phonic and nitro-2’diazo-]-naphfhol-5-snlpho7uc 
acids give azo-dyes in wdiich, with alkaline 
reducing agents, the nitro-radical can be con- 
verted into a diazotisable amino-group (Kalle, 
G.P. 176619). Coupled with a-naphthol and 
r(xlu(!ed, the resultant colours are after- (diromc 
wool dyestuffs (Gesellsch., U.S.P. 1521206). 

DlAMlNONAP]lTHOL.S. 

These have no technical applicration. The 
free bases have only been isolat(Ml in three cases, 
being very rapidly oxidised on exposure of their 
solutions to air. A tabular summary is given 
of the hydrochlorides, the acetyl derivatives by 
which they may be characteriHcd, and thtur sul- 
phonic acids. 

NH2:NH2:0H 

1:2:3 Unknown. 'J'he (i-sulphonir acid is 
(3:4:2) obtained by reduction of azo-dyes 

from 2 - amino - 3 - naphthol - 6-8ul - 
phonic acid (Cassella, G.P. 233939 ; 
B.P. 15646, 1910). 

1:2:4 Unknown. Diacetyl methyl ether, m.p. 

254° (Henriqnes, Ber. 1892, 25, 
8067) ; ethenyl derivative, needles, 
m.p. 179° (Heermann, J. pr. Chein. 
1892, lii], 45, 552). 

1:2:5 Unknown. l-Svlphomc acid obtained 

5:6:1) by reduction of azo-dye formed by 

coupling diazotised ?>-nitroaniliiie 
with 2-amiiio-5-naphthol-7-8ulphonic 
acid in acid solution (Bayer, G.P. 
172319 ; B.P. 1675, 1905). 

1:2:7 Not described. Obtained by reduction 

(7:8:2) of 7-hydroxy-fj8-]naphthaquinonedi- 

oxime. Dydrochloride, B,2HCI ; tri- 
acetyl derivative, m.p. 244-245° 
(Nietzki and Knapp, Ber. 1897, 30, 
1124). 

1:2:8 Not isolated. Obtained by reduction 
(7:8:1) of sulphonanilazo - 2 - amino - 8 - 

naphthol (Badische, G.P. 90212; 
B.P. 16953, 1896). 

The 4-, 6 -, Q-mom-, and 3:6- and 
5:7-di-8ulph(mic acids have been 
obtained from the corresponding 2- 
amlno-S-naphtholsulphomc acids (of. 
Badische, /.c.), and the 6-monoiiU- 
phonic add from 2-amino-8-naphthol- 
6-sulphonic acid (Bayer, G.P. 87900 ; 
B.P. 6036, 1893) by reducing the azo- 
dyes formed by coupling with di- 
azotised bases. 


NH2:NH2:0H 

1:3:4 Not isolated. Obtained by reduction 
(2:4:1) of 2: 4-dinitro- a-naphthol with tin 

and hydrochloric acid. Hydro- 
chloride, B,2HCI, scales, and sul- 
phate, B,H 2 S 04 4-21420, needles, are 
both rapidly oxidised In air to di- 
imino-a-iiaphthol (Graebe and Lud- 
wig, Annalen, 1870, 164, 312) ; 
triacetyl derivative, needles, m.p. 
280°, decomp. (Meerson, Ber. 1888, 
21, 1196). 

1'he l-sulphonic acid, obtained 1^ 
reduction of Naphthol Yellow 8, 
gives a hydrochloride, B,HCI, In 
needles (Gaess, ibid. 1899, 32, 232 ; 
cf. Lauterbach, ibid. 1881, 14, 2028), 
is not diazotisable, does not couple 
(c/. Aktlenges., G.P. 86448 ; B.P. 
8645, 1895), and is readily oxidised 
to the diimino-compound (Lauter- 
bach, l.c. ; Gaess, Z.c.). 

1:3:5 Unknown. The l-sulphonic add, ob- 

(6:7:1) tained by digesting l:3-diammo- 

naplithalene - 6:7 - disulphonic acid 
with 60% caustic soda solution at 
210°, couples with diazotised bases 
Kalle, G.P. 92239). 

1:3:8 Unknown. The &-sulphonic add, ob- 

(6:8:1) tained similarly from l:3-diamino- 

naphthalene - 6:8 - disulphonic acid, 
couples witti diazotised bases (Kalle, 
G.P. 92239). 

1:4:2 Not isolated. Obtained by reduction 
of diacetyl - 4 - nitro - 1 - amino - 2 - 
naphthol, or of azo derivatives of 1- 
amino - 2 - naplithol j is rapidly 
oxidised to blue oxaziiie in the air 
(Nietzki and Becker, Ber. 1907, 40, 
3397; cf. Kalle, G.P. 195901). 
Hydrochloride, B,2HCI, needles ; N- 
diacetyl derivative, m.p. 250-260°, 
decomp. (Kohrmann and Hertz, ibid. 
1896, 29, 1417). 

ThcG-sM/p/towic add, obtained by re- 
duction of azo derivative of l-amiiio- 
2-naphthol-0-8ulphonic acid, forms a 
hydrochloride, B,HCI (Nietzki and 
Becker, l.c. ; Kalle, l.c.). 

The >^-sulphonic add, obtained by 
reduction of Crocein Yellow, forms 
a hydrochloride, B,HCI needles, 
readily oxidised to the diimino 
derivative, and is diazotisable 
(Nietzki and Ziihelen, ibid. 1889, 22, 
456). 

1:4:8 N ot described . Obtained by reduction 

(5:8:1) of acetyl-4-nitro-l-amino-8-naphthol 

(Fichter and Gageur, ibid. 1906, 39, 
3336). The Q-sulphonic add is ob- 
tained by reduction of the azo-dye 
aniline -> l-amino-5-naphthol-7-8iil- 
phonlc acid (Gesellsch., B.P. 399097). 
1.5.3 Unknown. The l-sulphonic acid, ob- 

(4:8:2) tained by fusing l:5-diaminonaph- 

thalene-3;7-di8ulphonic acid with 
90% caustic soda solution at 200- 
240", forms needles sparingly soluble 
in hot water, and couples with di- 
azotised bases (Cassella, G.P. 91000). 
1:5:8 Notisolated. Obtained by redgption of 
(4:8:1) 8-nitro-4-nitro80-a-naphthol (Fried- 

l&nder and Scherzer, qf. J.8.C.1. 1900, 
19, 339 ; Graebe and Oeser, Annalen, 
1904, 835, 155) ; or of azo deriva- 
tives of l-amino-S-naphthol (Fichter 
and Gageur, Ber. 1906, 39, 3338). 
Hydrochloride, B,2HCI ; H-diacetyl 
derivative, needlps, m.p. 247° • 
triacetyl derivative, m,p. 268° 
(Fichter and Gageur, l.c.). 

1:6:2 M.p. 194° {cf. Cassella, G.P. 117298 ; 

B.P. 16149, 1899). Obtained by 
reduction of l:6-dlnitro-p-naphthol 
(Loewe, Ber. 1890, 23, 2548 : Kehr- 
mann and Matli^ ibid. 1898, 31, 2418). 
Hydrochloride, B,2HCI, needles ; N- 
diacetiyl derivative, needles, m.p. 
285° ; triacetyl derivative, needles, 
m.p. 203° (Loewe, l.c. ; see also 
Buggli and Zlmmermann, Helv. 
Ohim. Acta, 1930, 13, 748). 
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NHirNHjtOH 

Presunuibly the 4:-ml'phonic add 
of this diamine is ol>tained by re- 
duetion of nitro-l -amiuo-2-naphthol- 
4-sulj)lionic acid (Kalle, G.P. 249724) 

1:7:2 Scuies, m.p. 220" (decorap.). Obtained 
by reduction of the azo derivative, 
of 7-aihitio-2-naj)hthol (Oassella. O.P. 
11729H; 13.P. 16149, 1899). Sul- 

'ph(iU\ s])arinKlv soliiblc ((’asaella, 
ii.W 117298; 13. P. 16149, 1899); 

N-diacetpl derivative, net'dles, in.p. 
226" ; triacetyl derivative, needles 
(Kelirituiiin and Wolff, Her. 1900, 
33, ir>40). 

1:7:8 Not isolated. Obtained by reduction 
(2:8:1) ol 1 - amino - 7 - nitroso - 8-naphthol. 

Hydrochloride, B,2HCI, needles ; tri- 
acetyl deri\'ativ(‘, needles, m.p. 234“ 
(Piebter and (laReiir, Hnd. 1906, 39, 
3338). 

'J'be ‘li:i\-dimlphouic acid, obtained 
by ri'tlnction ol an azo derivative of 
1 -amino-8-iia]»hthol-3:() - disulphonie 
acid, is not, diazotisable in acid solu- 
tion (Hfichst, G.P. 92012). The 4- 
niono- and 4:()-di-8ulphonic acids, 
obtained similarly from azo deriva- 
tiv('s of 1 -aTnino-8-naphthol-4-mono- 
and 4:(5-di-sulphonie acids, are, like 
t.lu‘ 3:6-diaulphonie acid, photo- 
j'raphie developers (Schultz, <4.1*. 
I()l9r>3). 

1:8:4 Not isolated. Obtained by reduction 
(4:5:1 ) of 5 - nitro - 4 - nitroso - a - naphthol 

(Friedlander and Scherzer, cf. 
J.S.O.I., 1900, 19, 339 ; (Iracbe and 
Oeser, Annalen, 1904, 335, 152). 
Hydrochloride, B,2HCI. 

2:3:8 Unknown. I’he ^-mlphonic add, ob- 

(0:7:1) tabled by di)?eating 2:3-diamino- 

naphthalene - 6:8 - disulphonie acid 
with 90?o caustic jiotash solution at 
190-200“ forms an fl! 2 miwo derivative 
with nitrous acid, and couples with 
diazotised bases (Aktienges., G.P. 
86448; H.P. 8645, 1895). 

2:6:1 Not isolated. Obtained by reduction 
of 6 - nitroriai)hthalenc - 2 - diazo - J- 
oxide. Triacetyl derivative, needles, 
m.p. 261“, decomp. (Gaess and 
Ammelburg, Her. ]8{14, 27, 2213). 

2:7:8 Unknown. The 6-,nilphonic add, ob- 

(2:7:1) tained by reduction of an azo 

derivative of 2-amlno-8-nftphthol- 
6-sulphoTdc acid, is not diazotisable 
in acid solution (lldehst, G.P. 92012). 


HI H YDROXYNA PHTH A LENES. 

With the exception of the 1:2, 1:3, and 1:4 
derivatives the dihydroxynaphthalones may be 
obtained from the corresponding naphthalene- 
disulphonic acids or naphtholmonosulphonic 
acids by fusion with caustic; alkali. Another, 
less general, method consists in heating di- 
aminonaphthalenes, aminonaphthols, or amino- 
naphtholsulphonic acids with dilute mineral 
acids under pressure, whereby the amino-radical 
is replaced by hydroxyl and the sulphonic group, 
when present, eliminated : 


S 



The bisulphite method may also be used with 
diarainonaphthalenes and aminonaphthols for 
the same purpose. 

1:2- and l:4-dihydroxynaphthalenes are pre- 
pared by reduction of the respective naphtha- 
quin ones. 

All the possible ten dihydroxynaphthalenes 
arc known. They are easily soluble in caustic 
alkali solution, but only sparing so in cold water. 
AlkaUno solutions rapidly oxidise in air, be- 
coming dark in colour.' 

Heated with ammonia under pressure the four 
aP - dihydroxynaphthalenes give - amino - a - 
naphthols as intermediate products. 

In the reaction of 1:2-, 1:4-, 1:5-, and 2:7- 
dihydroxynai)hthaleno with bisulphite, leading 
to formation of an additive intermediate, one, at 
least, of the hydroxyl groups probably under- 
goes tautomeric change to the ketonic form. 
The reaction, in presence of ammonia, may be 
used to prepare aminonaphthols (Euehs and 
Stix, Bcr. 1922, 55, [B], 058 ; Fuchs and Pirak, 
ibid. 1920, 59, fB], 2454). 

With nitrous acid the heteronuclcal diliydroxy- 
naphthalenes yield mononitroso-compounds, 
which, when the nitroso-groiip occupies the 
or/ //o-position, furnish lakes with chromium or 
iron salts. The nitroso derivative formed from 
the monoalkyl ether of l:8-dihydroxynaphtha- 
lene is said closely to resemble 2-nitr080-a- 
naphthol, and that from the 2:6- or 2:7-di- 
hydroxy derivative, l-nitroso-jS-naphthol in 
properties. 

Many of the dihydroxynaphthalenes form 
molecular compounds with amines (Kromann, 
Hemmelinayer, and Riemer, Monatsh. 1922, 48, 
104 ; Briner and Kuhn, Helv. Chim. Acta, 1929, 
12, 1075). The 1:2- and 2:3-dihydroxynaphtha- 
lenes increase the electrical conductivity of boric 
acid, the latter having the greater effect 
(Bocseken, Anema, and Brevet, Rec. trav. Cliirn. 
1922, 41, 778). 

Of the dihydroxynaphthalenes, the most im- 
portant for dyestuffs technology is the 1:5- 
isomer, which enters into the composition of 
important mordant dyes giving fast black 
chromed shades on wool ; sulphonic acids of the 
l:8-i8oraer are also used for making such azo- 
dyes. 

(i) 1:2 - Dihydroxynaphthalene is ob- 
tained by reducing [j8-]naphthaquinone with 
sulphurous acid in the cold. It is also obtained 
by heating l-amino-2-naphthol-6:8-disulphomc 
acid with water under pressure above 200° 
(Bayer, G.P. 89242). 

Identification . — It forms scales, m.p. 60°, dis- 
solves in alkalis forming yellow solutions, which 
turn green in air, and, in aqueous solution, have 
a severe caustic action on the skin. The 
diacetate forms scales, m.p. 110°; the l-methyt 
ether, monochnic plates, m.p. 90*6° ; the 
dimethyl ether, m.p. 31°, b.p. 278-280° (Bezdzik 
and Friedl&nder, Monatsh, 1909, 80, 280). 

Beactions . — It couples with cliazotised , bases 
forming azo-dyes, which give red to bluish- violet 
lakes with aluminium or chromium salts. In 
aqueous solution it is oxidised by ferric chloride, 
giving [p-]naphthaquinone (Zincke, Annalen, 
1892, 268, 275). With nitric acid (p 1-48) it 
yields 3’nitro-[fi-]naphthaquinone. 
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(ii) ]:3 - Dihydroxynaphthalene is ob- 
tained l)y boiling l-amino-3-naphthol with 
dilute acid (hriedlander, Ber. 1895, 28 , 1952) ; 
or by heating l-amino-3-naphthoI-4-8ulphonio 
acid with water or dilute acid at 120° (Frie<l- 
lander and Rudt, ihid. 1896, 29 , 1609); or by 
heating 2-amino-4-naphthol-8-8ulphonic acid, 
l:3-dihydr()xyiiaphthalenc-7-mono-, or -5:7-di- 
sulphorii(^ acid with 5% sulphuric acid at 235°. 

Jdentification . — It crystallises from water in 
scales, rn.p. 124°. It is almost insoluble in 
benzene. In alkaline solution it is rapidly 
oxidised. With ferric chloride it gives a yellow- 
brown precipitate. The diaadate, prisms, has 
m.p. 56°. 

Rmciions . — It couples with dia'/otised bases in 
alkaline or weakly acid solution, giving azo-dyes 
(iharac'terised by their yellow (colour. By diges- 
tion with 60% caustic; soda solution at 180-200° 
it is converted into o-loluic arid (Kallc, G.P. 
79028). When luuited with aqueous ammonia 
at 130-140° it yields 2-aniino-4-7iaphihol or 1:3- 
diaminona/phlhalcnc.^ and with aniline, ^-anilino- 
4-najjhihol. Condensc'd with phthalic aidiydride 
and either phosphoric oxide at 130° or zim* 
chloride at 200°, it gives naphthafluoreficein 
(Bayer, G.P. 84990 ; B.P. 3497, 1895). 

(iii) 1:4- Dihydroxynaphthalene is pre- 
pared by reducing [a-]naphthaquinone with sul- 
phurous acid, or with tin and boiling acpieous 
hydrochloric acid. 

Identification . — It crystallises in needles, m.yj. 
176°, and is readily soluble in alcohol, ether or 
boiling water ; sparingly so in benzene. On 
oxidation it yields [a‘]naphlhaquinon€. The 
diacetate forms tablets, m.p. 128-130°. The 
monomethyl ether, needles, m.p. 131°, is obtainc^d 
by the action of 1 8% methyl-alcoholic hydrogen 
chloride in the cold ; the monoethyl ether, 
needles, m.p. 105° is prepared by boiling with 
3% ethyl -alcoholic hydrogen chloride (Badische, 
G.P. 173730; B.P. 7287a, 1906 ; Russig. J. pr. 
Chem. 1900, [ii], 62 , 50). These ethers may also 
be obtained by heating l-amino-4-naphthol 
hydrocdiloride with the alcohol under pressure 
at 170-180° (Hoehst, G.P. 234411). The mono- 
ethers couple with diazotised aminosulphonic 
acids to form or//io-azo-dyes (Badische, G.P. 
176640; B.P. 7287, 1906). The dimethyl ether 
forms needles, m.p. 85°. 

With ammonium sulphite and ammonia 1:4- 
dihydroxynaphthalene gives lA-aminonaphihol 
(Fuchs and Pirak, Ber. 1926, 59 [B], 2454). 

(iv) l:5-Dihydroxynaphthalene is formed 
by melting potassium a-naphthol-5-8ulphonate 
with caustic potash at 200-250°, but is usually 
manufactured by heating sodium naphthalene- 
l:5-di8ulphonate with caustic soda at 220-260°. 
It may be obtained by heating l:6-diamino- 
naphthalene or l-amino-5-naphthol with 4% 
hydrochloric acid under pressure at 180°; or 
by the bisulphite method (Bucherer. J. pr. 
Chem. 1904, [ii], 69 , 84). It is an important 
dyestpffs intermediate. 

Identification. — It crystallises from water in 
scales, m.p. 265°, sublimes in needles, is almost 
insoluble in benzene, reduces silver solution, and, 
in alkaline solution, becomes dark brown on 
exposure to air. The diacetate, m.p. 159-160°, 
forme feathery crystals ; the dibenzoate, m.p. 


235°, scales (Fischer, ibid. 1916, [ii], 94 , 14) ; 
the tnonomethyl ether, m.p. 140°, leaflets ; the 
dimethyl ether, m.p. 183-184°, needles. 

Reactiom. — It couples with most diazotised 
bases forming pam-azo-dyes but the ortho-azo-^ 
compound with diazotised o-aminophonols 
(Fisdier and Bauer, if>id. 1917, [ii], 95 , 265; v. 
Vol. IV, p. 1986). With nitrous acid it gives the 
2-nitro.so derivative (Hoad, Holliday & Co., 
G.P. 68809; B.P. 1812, 1890). Oxidised with 
chromic acid it gives juglone. {5 -hydroxy a- 
ymjihthaqyinone). Sulphonated with sulphuric 
acid at 50-60° it yields a mixture of the 2- and 
4-mono8ul phonic acids; at 100-160° it gives a 
disul phonic acid. Digested with ammonia at 
250-300°, or by the bisulphite reaction, it yields 
\ '.!^-diaminonaphthale7}e. The diacotate chlorin- 
ated in carbon tetrachloride at room tempera- 
ture gives the 4:8-t/if6ioro derivative, m.p. 143°, 
from which 4:H-dichloro-l:5-dihydroxynaphtha~ 
Irne, m.p. 194°, is obtained by hydrolysis 
(Wheeler and Mattox, d. Amer. Chem. Soo. 1933, 
55, 686). Jb'omination of the dihydroxynaph- 
thalene in a(‘etic acid gives the 2:tS-dihrom.o 
derivative {diacetate, m.p. 228°) ; bromination of 
the diacetato gives 2:4:i'y.^-ietrabromo-\:^-di- 
accto.ry7iaplithalene (Wheeler and Erglc, ibid. 
1930, 52, 4872). Heated wdth potassium hydro- 
gen carbonate under pressure at 230”, a dicar- 
boxylic acid, m.p. 300°, probably the 2:6 
derivative, i.s formed (Hemmelmaycr, Monatsh. 
1922, 43 , 61). 

(v) l:6-Dihydroxynaphthalene may be 
obtained by deHul])honation of l:6-dihy(lroxy- 
nnphihalene-4-sulphonic acid with sodium amal- 
gam. It is prepared by fusion of sodium 
naphthalene-l:0-diBulphonaie with caustic soda 
at 230-250° (Ewer and Pick, G.P. 45229) ; or 
from ^-naphthol-5-sulphonic acid by fusion with 
caustic potash and a little water at 260°. 

I dentifi cation. — It crystallises from benzene 
in small prisms or serrated scales, m.p. 137- 
138°, sublimes in scales, is only sparingly soluble 
in water and with ferric chloride gives a tran- 
sient blue coloration. The diacetate, m.p. 73°, 
forms prisms ; the dimethyl ether, m.p. 60-61°, 
needles ; the diethyl ether, m.p. 83°, needles 
(Fischer and Bauer, J. pr. Chem. 1916, [ii], 
94 , 2 ). 

Reactions. — It couples with diazobenzene in 
acid solution to give a mono-, in pyridine solu- 
tion a bis-, and in strongly alkaline solution a tris- 
azo-compound (Fischer and Bauer, l.c.). With 
nitrous acid it gives mainly the red 2-nitro8o 
derivative, with some of the yellow 4-nitro8o- 
compound. Digested with ammonia at 150- 
300° it gives l:Q-diaminonaphthalene. Heated 
with mixed potassium carbonate-bicarbonate, 
in absence of water it gives a monocarboxylic 
acid (Hemmelmayr, Monatsh. 1917, 38 , 86). 
Heated with an equal weight of phthalic an- 
hydride at 180-2()0° it gives -dihydroxy- 
naphthafluoran, which forms oxonium salts with 
acids (Fischer and Konig, Ber. 1917, 50 , 1011 ; 
H6chst, G.P. 275897 ; Konig, Chem.-Ztg. 1914, 
38 , 483), but, if boric acid is present, the product 
is li^-dihydroxynaphtkoyl-o-oenzoic acid, which 
has a particularly sweet taste (Gesellsch., G.P. 
311213). 
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' (vi) l:7-Dihydroxynaphthalene may bo 
obtained by fusing j3-naphthol-8-8ulphonic acid 
with caustic potash (Bayer, G.P. 53915; B.P. 
14230, 1889) ; or, in 70-80% yield, by heating 
l:7*dihydroxynaphthalcne-3-mono-, or -3:6-di- 
sulphonic acid, or 2-amino-8-naphthol-6-mono-, 
or -3:6-di-8ulphonic acid with dilute sulphuric 
acid under pressure at 185-200'' (I.G., B.P. 
306600). 

IdentificMion . — It crystallises in needles, m.p. 
nS'', is moderately soluble in water and readily 
soluble in benzene. Its alkaline solution rapidly 
oxidises in air, turning black. With ferric 
chloride it gives, at first, a white turbidity which 
with more reagent bet'omes blue (Friedliinder 
and Zinberg, Ber. 1896, 29, 40). The diacetate, 1 
m.p. 108'’, forms rhombic tables. 

lieaciioiis. — In alkaline solution it couples 
with diazotised o-aminophenolsulphonic acids 
giving monoazo-dyes. With nitrous acid it gives 
a mo7i07iiiroso derivative (Bayer, G.P. 53915). 
The sodium salt heated with carbon dioxide 
under pressure at 140” gives l:l-dihydroxy-p- 
naphthoic acid (Heyden, G.P. 55414). 

(vii) l:8-Dihydroxynaphthalene is ob- 
tained by fusing naphthasultone or a-naphthol- 
8-8ulphonic acid with 75% caustic potash at 
220-230” (Erdmann, Annalen, 1888, 247, 356) ; 
or by heating a-naphthylamine-8-sulphonic acid 
with 9% caustic soda solution under pressure at 
220-260”; or from l:8-diaminonaphthalene by 
hydrolysis with 17% hydrochloric acid under 
pressure at 180”. It is conveniently prepared by 
heating 1 ;8-dihydroxynaphthalene-4-8ulphonic 
acid with 20% sulphuric acid at 160-200° 
(Heller and Kretzschmann, Ber. 1921, 54 fB], 
1098; cf. Bayer, B.P. 13665, 1889). 

Identification . — It crystallises in long needles, 
m.p. 140°, or with 1 HjO in scales, oxidises 
rapidly, when moist, in air, is only sparingly 
soluble in water, but readily soluble in benzene. 
With ferric chloride it gives a white flocculent 
precipitate which rapidly turns green. The 
diacetate, m.p. 147-148°, forms scales. 

Beactions . — In acid solution it couples with 
diazotised bases to form 4- mono-azo-dyes 
(Badische, G.P. 51559) ; in alkaline or dilute 
acetic acid solution it gives 4:7-di8azo-dye8 
(Friedlknder and Silverstern, Monatsh, 1902, 23, 
518). With nitrous acid it yields a mononitroso 
derivative. It cannot readily be nitrated, but 
its diacetyl derivative yields 2A-dinitro-S- 
acetoxy-a-Tiaphthol (Calvet and Carnero, J.C.S. 
1936, 556). On oxidation with chromic acid 
it yields 5-hydroxy -[a-]naphthaquinone ; with 
peracetic acid, a resinous product, but the 
methyl ether with the latter yields S-fnethoxy- 
[a-]naphthaquinoney together with, possibly, 

7 -inethoxyindenone-2-carboxylic acid (Boeseken 
and Smitt, Rec. trav. chim. 1939, 58, 125). The 
sodium salt, heated with carbon dioxide under 
pressure at 140°, yields liS-dikydroxy-fi-naph- 
thoic acid (Heyden, G.P. 55414). Warmed with 
sulphuric acid at 60° it gives a mixture of three 
distilphonic acids (Badische, G.P. 79029 ; 
79030; B.P. 14294, 1891). 

Condensed with acyl chlorides or anhydrides 
in presence of zinc chloride at 140-160°, yellow 
or orange dihydroxyketones {e.g., l:B-dihydroxy- 


2-ax.etonaphthone, needles, m.p. 100-101°, and 
benzonaphthone, needles, m.p. 121-122°) are 
obtained. These f(jrm lakes with alumina 
(Lange, G.P. 126199; 129035; 129036). 

(viii) 2;3-Dihydroxynaphthalene is ob- 
tained by fusing j8-naphthol-3:6-disulphonic acid 
or 2:3-dihydroxynaphthalene-6-sulphonic acid 
with 90% caustic soda at 280-320° (Badische, 
G.P. 57525) ; or by hydrolysing the latter with 
25% sulphuric acid at 200° ; also by heating 2- 
amino-3-naphthol-6-8ulphonic acid with dilute 
mineral acid under pressure at 1 80-200° ( Hochst, 
B.P. 73076 ; Friedlander and Zakrzewski, Bor. 
1894, 27, 762). 

Identification . — It forms monoclinic scales 
(Siegmund, Monatsh. 1908, 29, 1087), m.p. 160- 
161°, sparingly soluble in water, giving with 
ferric chloride a dark blue coloration or precipi- 
tate. The monornethyl ether, m.p. 108°, forms 
needles; the dimethyl ether, m.p. 115-116, 
needles; the monoethyl ether, m.p. 109-110°; 
the diethyl ether, m.p. 96-97° (Friedlander and 
Silberstern, Monatsh. 1902, 23, 519). 

Beactions . — In weak acid (acetic acid) solution 
it couples with diazotised bases to form 1- 
monoazo-dyes, in alkaline solution l:4-di8azo- 
dyes. By the bisulphite method at 80°, or 
when dige.sted with 30% ammonia at 140-150°, 
it gives 2-amino-S-naphihol, but at 250°, 2:3- 
diaminonaphthalene. It forms co-ordinated com- 
pounds with iron, aluminium, and arsenic acid. 
The alurninates are colourless, but, with ferric 
iron, two series are formed, one red (co-ordina- 
tion number=6), the other violet (co-ordination 
numl)er=4) (Weinland and Seuffert, Arch. 
Pharm. 1928, 266, 4.55). 

(ix) 2:6 - Dihydroxynaphthalene is ob- 
tained by fusing sodium naphthalene-2:6-disul- 
phonate or sodium j3-naphthol-6-sulphonate with 
caustic potash (Emmert, Annalen, 1887, 241, 
369). 

Identification . — It forms rhomb-like scales, 
m.p. 218° (Willstatter and Parnas, Ber. 1907, 
40, 1410), is sparingly soluble in water (1*08 g. 
in 1 litre at 14°) or in light petroleum. Alkaline 
solutions show a strong blue fluorescence. With 
ferric chloride a yellowish -white precipitate is 
formed. It has a strong caustic effect on the 
skin. The diacetate, m.p. 175°, forms scales; 
the monomethyl ether, m.p. 136°, lustrous flakes 
(Windaus, ibid. 1924, 57 [B], 1738); the 
dimethyl ether, m.p. 150°, rhomb-like scales ; 
the diethyl ether, m.p. 162°, scales. 

Beactions . — In weak acid (acetic acid) solution 
it couples with diazotised bases to form 1 -mono- 
azo-dyes (Kehrmann, ibid. 1907, 40, 1962), in 
alkaline solution a mixture of l-monoazo- with 
disazo-dyes (Kaufler and Brauer, ibid. 1907, 40, 
3274). With nitrous acid it gives the l-nitroso 
derivative. The dimethyl ether on nitration 
gives the \-nitro and \:5-dinitro derivatives 
(Chakra varti and Pasupati, J.C.S. 1937, 1859). 
It is oxidised by lead dioxide in boiling benzene 
to 2:5-naphthaquinone. With ammonia at 150- 
300° it gives 2:5-diaminonaphihalene ; with 
aniline at 170° 2:5-dianilinonaphihalene. It also 
forms additive compounds with ammonia 
(Briner and Kuhn, Helv, Chim. Acta, 1929, 12, 
1067). With sulphuric acid at 5° it gives a 
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sulphonic acid, possibly the 4 derivative (Bayer, 
G.P. 72222) or the h5-disu[phonic acid (Jacchia, 
Annalen, 1902, 323, 114); at 100" it giv€\s a 
disvlphonic acid. 

(x) 2:7-Dihydroxynaphthalene is obtained 
by fusing sodium naphthalene-2;7-diRulphonate 
with caustic soda at 290 -300° (Weber, Ber. 1881, 
14, 2200) ; or, similarly, from j3-naphth()l-7-sul' 
phonic acid (Pfitzinger and I)iiisl)erg, ihid. 1889, 
22, 398). It may also be obtained from 2:7- 
dihydroxynaphthalone-3:()-disulphonic acid by 
heating with 20% sulphuric acid at 200°. 

Identification. — It forms needles, m.p. 190", 
dissolves readily in hot water, is sparingly 
soluble in benzene, gives no coloration with 
ferric chloride, but blackens rapidly in alkaline 
solution. The diacetate, m.p. 136°, forms scales ; 
the dibeyizoate, m.p. 138-139°, scales; the 
monomethyl ether, m.p. 117°, needles, its acetate, 
m.p. 130°, needles, and its ?ii7ro/?o-compoun(l, 
m.p. 129°, scales (Fischer and Hammerschmidt, 
J. pr. Chem. 1916, [ii], 94, 24); the dimethyl 
ether, m.p. 138°, tablets; the diethyl ether, m.p. 
104°, scales. 

Reaction. — In alkaline solution it couples with 
1 mol. of diazotised bases to give 1 -monoazo- 
dyes (Kaufler and Brauer, Ber. 1907, 40, 3274), 
or with 2 rnol. to give LS-disazo-dyes (('assclla, 
G.P, 108166; H.P. 9502, 1899). With nitrous 
acid it yields the l-nitroso derivative which, 
with iron salts, gives a Naphthol Green ( Learn - 
hardt, G.P. 58611). With sulphuric acid at 
100° it gives 2:l-dihydroxynaphthalene-^:Q-disul- 
phonic acid. Digested with ammonia at 150- 
300° or by the bisulphite reaction, it yields 2:7- 
diaminonaphthalene. With aniline at 190° it 
gives 1 -anilino-2-naphthol ; with arylamines in 
the presence of arylaminc hydrochlorides at 
1 40-150°, 2’.l-diarylaminonaphih<ilenes. Bromine 
in acetic acid gives, at 5°, the S-bromo- and, at 
100°, the 3;6-^i6rowo- derivative (.Ioffe and 
Fedorova, J. Gen. Chem. Russ. 1936, 6, 1079; 
A. 1937, II, 15). 

DiHYDROXYNAPHTHALENKSULPHONTC AfUD.S. 

Dihydro xynaphthalenesulphonic acids are 
usually obtained from naphthol-di- or -tri-sul- 
phonic acids, from naphthylamine-di- or -tri-sul- 
phonic acids, or from aminonaphtholsulphonie 
acids. The process involves fusion with 60-75% 
caustic soda at temperatures of the order 180- 
230°. The general rules found to govern these 
processes may be summarised as follows : 

1. Replacement of amino- by hydroxyl: In 
a-naphthylaminesulphonic acids the replace- 
ment most readily occurs when the sulphonic 
group is in the 3-, 4-, or S-position. With p- 
naphthylaminesulphonic acids the exchange does 
not occur. 

2. Replacement of sulphonic by hydroxyl; 

(a) From a-naphtholsulphonic acids, the sul- 
phonic group in the S-position is most 
easily replaced, then that in position 6 ; 
that in the 2- or 4-po8ition resists re- 
placement. From )?-naphtholsulphonic 
acids the sulphonic group in the 4-, 5-, 
and S-position is easily displaced ; that 
in 1- or 6-position resists replacement. 


(5) From a-naphthylaminesulphonic acids the 
order of replaceability is similar to that 
from a-naphtholsulphonic acids, the 4- 
sulphonic group resisting replacement 
as is shown by the production of 1:6- 
dihydroxynaphthalcne-4-sulph()nic acid 
from a-naphthylamino-4:6-disidphonic 
acid. In the j8-naphthylaminesulphonic 
acids the 4- or 5-sulphonic group is more 
easily replaced than that in the 8- 
position, otherwise the order is similar 
to that given by the j3-naphtholsulphonic 
acids. 

An important exception to these rules is the 
fact that fusions which might be expected to 
give l:3-dihydroxynaphthalone sulphonic acids 
usually lead to decomposition and the formation 
of hydroxy toliiic acids : 



(Kalle, G.P. 91201 ; B.P. 16559, 1894 ; Hochst, 
G.P. 81281 ; 81333). 

The a-aminonaphtholsuli)honic acids are con- 
verted to the dihydroxynaphthalenesulphonic 
acids by the action of water or dilute mineral 
acid (5%) under pressure at elevated tempera- 
ture. With jS-aminonaphtholsulphonic acids 
(except 2-araino-3-naphthol-6-sulphonic acid) 
the exchange takes place only when one of the 
other substituents, usually the hydroxyl group, 
is present in the 4-p08ition. Thus 2:4-dihydroxy- 
naphthalcne-7-8ulphonic acid may be prepared 
by fusing j3-naphthylamine-4:7-disulphonic acid 
with caustic potash at 215°, followed by heating 
the 2:4-aminonaphthol-7-8ulphonic acid thus 
produced with water at 200°. 

Less general methods of preparation, applied 
in a few cases only, are the bisulphite method 
and reduction of [a-] or [)9-Jnaphthaquinonesul- 
phonic acids. 

The dihydroxynaphthalenesulphonic acids and 
their alkali salts are easily soluble in water, the 
solution made alkaline usually showing fluores- 
cence. Heated with dilute mineral acids above 
200°, many of them furnish the corresponding 
dihydroxynaphthalene by loss of the sulphonic 
acid group. They give colour reactions with 
ferric chloride and bleaching powder solutions 
by which they may be characterised. They §.lso 
give characteristic azo-dyes when coupled with 
certain diazotised bases. 

Certain of these acids, in particular the 1:8- 
dihydroxynaphthalene-4-sulphonic and the 2:4- 
and 3:6-disulphonic acids, are or have been 
used for the manufacture of chromable azo-dyes 
for wool {v. Dyestuffs, Azo, Vol. IV, 204d). 
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Constitu- 

tion. 

Preparation. 

0:0: S 

1:2:4 

( 1 ) Reduction of [jS-]naphthaquinone-4-8id- 
phonio acid with sulphurous acid (Witt and 
Kaufmann, Ber. 1891, 24, 3163). 

(2) Action of sodium bisulphite solution on 
[5-]naphthaquinoue (Bayer, G.P. 70867; 
B.P. 825. 1893). 

(3) Quantitatively on exposure of suspension 
of l-diazo-2-naphthol-4-8ulphonic acid to 
light (Schmidt and Maier, Ber. 1931, 64 [BJ, 
767). 

1 : 2:0 

Reduction of [j3-]naphthaquinone-6-8ulphonic 
acid with sulphurous acid (Witt, ibid. 1891, 
24, 3154; G.P, 50506; Paul, Z. angew. 
Chem. 1897, 10, 51). 

1:2:5 

1:2:7 

1 : 2:8 

These acids are obtained by reduction of the 
corresponding [j3-]naphthaquinoneaulphonic 
acids (Witt, Lc., 3167). 

1:3:5 

2-Amino-4-naphthol-8-sulphonic acid heated 
with water at 180-200“ (Bayer, G.P. 85241 ; 
B.P. 3580, 1895). 

1:3:6 

(1) 1 - Amino - 3 - naphthol - 6 - sulphonic acid 
heated with water at 120“ (Friedlknder and 
Riidt, Ber. 1896, 29, 1613). 

(2) 2 - Amino - 4 - naphthol - 7 - sulphonic acid 
heated with water at 200“ (Bayer, G.P.a. 
7978 ; B.P. 25214, 1894). 

1:3:7 

1:3 - Dihydroxynaphthalene - 5:7 - disulphonic 
acid heated with 6 % sulphuric acid under 
pressure at 210° (Bayer, G.P. 90878). 

1:5:2 

(1) Together with the 4-acid when l:5-di- 
hydroxynaphthalene is warmed with sul- 
phuric acici at 50-60° (Bucherer and Uhl- 
mann, J, pr. Chem. 1909, [ii], 80, 235). 

(2) a-Naphtnol-2:5-disulphonic acid heated 
with 60% caustic soda at 250° (Bayer, G.P, 
68344 ; B.P. 3397, 1890). 

1:6:3 

Naphthalene-1 :3:5-tri8ulphonic acid fused 
with caustic alkali (Bayer, G.P. 166768; 
B.P. 18569, 1902). 

1:5:4 

Together with the 2-acid {see supra) when 1:5- 
dlhydroxyuaphthalene is wanned with sul- 
phuric acid at 50-60°. 

1:5:7 

From l-amlno-6-naphthol-7-sulphonic acid by 
the bisulphite reaction (Bucherer and Uhl- 
mann, J. pr. Chem. 1909, [ii], 80, 238). 

1:6:3 

( 1 ) Fusion of naphthalene-l:3;6-tri8ulphonic 
acid with 90% caustic soda at 250° 
(Aktienges., G.P. 42261 ; Bayer, G.P. 
63016 ; cf. Kalle, G.P. 89061). 

(2) 1 - Amino - 6 - naphthol - 8 - sulphonic acid 
heated with water at 200“ (Cassella, G.P.a. 
6020). 

(3) From 2-amino-5-naphthol-7-sulphonic acid 
by the bisulphite reaction (Badische, G.P. 
126130 ; B.P. 1387, 1900 ; Bucherer, J. pr. 
Chem. 1904, [ii], 60, 83). 

1:6:4 

Fusion of a-naphthylamine-4:6-dl8ulphonlc 
acid (DaW, G.P, 67114 ; B.P. 735, 1890) ; 
or of a-chloronaphthalene-4:6-di8^phonio 
acid with caustic soda at 210-220“ (Rudolph, 
G.P. 104902). 


Acids, salts, and reactions. 


Sodium salt, needles ; potassium salt, spar- 
ingly soluble prisms. Alkaline solution 
exposed to air turns red, fonning 
2-hydroxy -{a~\naphthaquinone. 

Nitrous acid regenerates [^-]naphthaquinone- 
^-suLpkonic add . . 

Does not couple (c/. Bayer, G.P. 85241). 


Ammonium salt, NH 4 A, readily soluble leaf- 
lets. 

Couples with diazotised bases forming azo- 
dyes, which give lakes with cliromiura and 
other oxides (Witt, Lc . ; &.P. 49872). 

No description published. 


Alkali salts form yellow solutions which show 
green fluorescence. 

Gives dirty green coloration with ferric 
chloride. 

Couples with diazotised bases. 

Alkali salts very soluble ; show green fluores- 
cence in alkaline solution ; barium salt, 
BaA 2 , readily soluble needles (Friediander 
and Iltldt, Lc.). 

Couples with diazotised bases (c/. Bayer, G.P. 
84991 ; B.P. 3580, 1895). 

Alkali salts give yellow solutions which show 
intense green fluorescence. 

Gives bluish-black coloration with ferric 
chloride. 

Couples with diazotised bases (of. Bayer, G.P. 
86100 ; B.P. 4962, 1895). 


Acid sodium salt, readily soluble leaflets ; the 
alkaline solutions show blue fluorescence. 
Gives bluish-green coloration with ferric 
chloride. 

Couples with diazotised bases (c/. Bayer, l.c.). 


Couples with diazotised bases (Bayer, l.c.). 


Calcium salt forms a sparingly soluble double 
salt with calcium sulphate. 

Couples with diazotised bases. 

Add, scales, crystallises with i mol. of alcohol. 
Couples with diazotised bases. 


Sodium salt, sparingly soluble, shows in 
alkaline solution reddish- blue fluorescence. 
Gives green coloration with ferric chloride. 
Forms a yellow easily soluble nitroso-com- 
pound (Cassella, Lc.). 

Couples with diazotised bases (Bayer, G.P. 
86241 ; B.P. 3580, 1895 ; Cassella, Lc.). 


Acid and acid sodium salt, sparingly soluble 
leaflets ; alkaline solutions show violet 
fluorescence. 

Forms a sparingly soluble yellow nitroso 
derivative (Kudolph, l.c.). 

Gives green coloration with ferric cliloride. 

Couples with diazotised bases (Dahl, Lc.). 
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Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 

0:0:S 

1:6:5 

From 2-amlno-5-naphtliol-l-.suli)honic acid by 
the bisulphite metliod (Bucherer and Wahl, 
J. pr. Chem. 1921, [ii], 103, 253). 


1:7:3 

(1) Fusion of /3-napiithol-6:8-disulphonic acid 
with cau.stic soda at 220-230' (H delist, 
G.P.a. 4153; B.P. 9042, 1889; cj. Bayer, 
G.P. 85241). 

(2) Digestion of 2-amhio-8-naphthoJ-6-fiul- 
phonic acid with water under pressure 
(Leman, Bull. Soc. chim. 1941, [v], 8 , 570). 

Acid aodium salt, readily soluble needles ; 

alkaline solutions show blue iluoresconce. 
Gives green coloration w'itli ferric cliloride. 
Couples with diazotised bascis ; with tetrazo- 
tised basf's it gives disazo-dyes (!.()., B.P. 
342807. Kor preparation of esters, tsee 
I.G., B.P. 353578). 

1:7:4 

(1) Fusion of 2-earboxy-a-nai>hthol-4:7-diKul- 
phonic acid with caustic alkali at 230 290‘^' 
(Bindsch.. G.P. 81938 ; B.P. 4629, 1894). 

(2) 1:7 - Dlhydroxy - 2 - carboxynaplithaleiie - 
4-8ulphonic acid heated with 30 Vo caustic 
soda under pressure at 140-160° (Bindsch., 
G.P. 83965). 

A cm/ and acid salts, readily soluble; alkaline 
solutions sbow^ violet fluorosccnce. 

Gi\'cs grecu coloration with ferric chloride. 
Coujilcs with diazotised bases. 

1:8:2 

l-Anuno-8-naphthol-7-sulphonic acid h('atc<l 
with lime and water under pressure at 250"' 
(Bayer, G.P.a. 7509). 

Acid mdiurn salt, needles, shows reddish- violet 
iluorescence in solution. 

Giuis gre(‘n coloration witli ferric chloride. 
Couples with diazotised bases. 

1:8:3 

(1) a - Napbthylamino - 3:8 - disulidionie acid 
lieated with 9 Vo caustic soda under prcs.suri! 
at 220-250° (Hdchst, G.P.a. 7112). 

(2) Digestion of a-naphthoI-3:H-disulphonic 
acid or of a-naphth()l-6:8-di8ulphonic acid 
with 50Vt caustic soda at 170-210° (KuUe, 
G.P. 82422). 

(3) l-Aniiiio-8-uaphthol-3:5-di8ulphonic acid 
heated with water at 200° (Leonhardt, 
G.P.a. 8620 ; B.P. 19253, 1895 ; Cassella, 
G.P. 108848). 

Acid sodium salt, sparingly soluble needles ; 
alkaline solutions show blue fluorescence 
(IvaJle, I.C.). 

Gives green coloration with ferric chloride 
(Kalle, l.c.). 

(kniples with diazotised bases (c/. Hay(T, G.P. 
85241). 

1:8:4 

(1) Fusion of the following with cau.stic alkali 
or caustic alkali solution : a-naphthol-4:8- 
disulphonic acid (Bayer, G.P. 54116; 
67829; B.P. 13665, 18517, 1889) or a- 
naphthol-5:8-di8ulplionic acid, or its sultone 
(Bayer, G.P. 80667 ; B.P. 1227, 1894) ; also 
of a-naphthylamine-4:8-disulphonic acid 
(Bayer, G.P. 71836; Bndische, G.P. 
91855 ; B.P. 9894, 1893) ; or a-naphthyl- 
amlno-5:8-di8ulphonic acid (Bayer, G.P. 
77285; B.P. 1227, 1894); also of 1-amino- 
8-naphthol-4-sulphoiiic acid (Bayer, G.P. 
75819; 80315): or l-ammo-8-naphthol-5- 
BUlphonic acid (Bayer, G.P. 75056 ; B.P. 
15269, 1893). 

(2) l:8-Diaminonaphtlialene-4-8iilphomc acid 
heated with milk of lime at 230° (Oassella, 
G.P. 75902). 

(3) From l-aTnino-8-naphthol-4-8nlphonic acid 
(Bayer, G.P. 109102 ; B.P. 16807, 1899), or 
.5-Biilphonic acid (Bucherer, J. pr. Chein. 
1904, [iil, 69 , 86) by the bisulphite reaction. 

Acid forms throe series of salts, all easily 
st*lnb1e ; monosodium salt, NaH 2 A, silky 
leaflets ; disodium salt, Na 2 HA-| 2 H 2 O, 
leaflets ; monobarium salt, BaH 4 A 2 , needles ; 
dibarium salt, BaHA+liH20 (Bayer, G.P. 
67829; B.P. 13665, 1889). Basic salts 
(trisodium, etc.) show bluish-green fluores- 
cence in solution. 

Gives dirty green precipitate with ferric 
chloride. 

Couples with diazotised bases, giving azo-dyes 
wliich have the property of forming lakes 
with chromium and other oxides (c/. Bayer, 
G.P. 61707 ; 67829 ; 66693 ; B.P. 5984, 
1891). 

For monoalkyl derivatives and for azo-dyes 
obtained by coupling them with diazotised 
])a8eB, cf. Bayer, G.P. 73741 ; 78937 ; 

B.P. 3495, 1893. 

2:3:6 

Fusion of fi-naphthol-3:6-diRulphonic acid 
with caustic soda at 240-280° (Badische, 
G.P. 57526 ; B.P. 16803, 1890 ; Hdchst, 
G.P.a. 4153 ; B.P. 9642, 1889 ; Friedlfinder 
and Zakrzewski, Ber. 1894, 27, 762). 

Acid sodium salt, spyingly soluble leaflets, 
shows reddish-blue fluorescence In alkaline 
solution ; barium salt, BaA 2 , sparingly 
soluble (c/. Bayer, G.P. 86241). 

Gives intense violet coloration with ferric 
chloride. 

Couples with diazotised bases, giving azo- 
dyes which form lakes with metallic oxides 
(cf. Bayer, G.P. 82774). 

2:6:4 

The acid described as 2:6-dihydroxynat)htha- 
lene-4'8ulidionic acid (Bayer, G.P. 72222) 

Is considered by Jacchla to be a disulphonic 
acid (Armalen, 1002, 323, 181). 


2:7:3 

Fusion of /3-naphthol-3;7-disulphonio acid 
with caustic alkali (c/. Aktiengos., G.P. 
63956 ; Bayer, G.P. 86241). 

Sodium salt, sparingly soluble crystalliiie 
powder, shows blulsh-vlolct fluorescence 
in solution. / 

Gives deep blue coloration with ferric chloride. 
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Hihydiioxynap5Thalbnedi8ulphonic Acids. 


Constitu- 

tion. 

Preparation. 

Acids, salts, and reactions. 

0:0;S:S 

1;2:3:6 

and 

1 :2:0:8 

(1) Acid sodium salt of 1 -amino-2- naplithol- 
3:0-(reap. d:8-)di8ulijhoiuc acid boiled with 
water (Witt, Ber. 1888, 21, 3480; Ki.V. 
41)8.57). 

(2) Reduction of [)9-]naphtliaquiiioiie-3;()- 
(resp. iVM~)disul phonic acid with sulphurous 
acid (Witt, ibid. 1891, 24, 3157). 

(3) 1:2 - Dihydroxynaphthalene - 3:0 - disul - 
phoni<i acitl is also formed when l:2-di- 
aminonaphthalene-3:G-di8ulphonic acid is 
heated with dilute mineral acids (c/. 
(Jasstilla, C.P, 72584). 

Acid sodium salts, readily soluble leaflets ; 
decompose very rajiidly in alkaline solution 
{cf. Bayer, G.P. 79054). 

Do not couple with diazotised bases (Bayer, 
l.c. ; cf. Witt, Ber. 1891,24, 3156), 

Precipitate gelatine or basic aniline dyes from 
solution (Naphthataimins ; c/. Witt, G.P. 
49857). 

1:3:5:7 

(1) Mixed with 30% of 1:5:3:7- by heating 
naphthalene l;3:5:7-tetrasulphoiiic acid or 
a-naphthol-3:5:7-tri8uli)honic acid with 00% 
caustic soda at 180 200" (Bayer, G.P. 
79054 ; 80464 ; B.P. 25074, 1893). 

(2) 2-Amino-4-naphthol-0:8-disuIphonic acid 
heated with water under pressure at 210-~ 
220" (Bayer, O.P. 89242). 

Sodium salt, readily soluble ; potassium salt, 
leaflets ; alkaline solutions show green 
lluoresceiicc ; barium salt, BaA, moderately 
soluble needles (Friedllinder and Riidt, Ber. 
1896, 29, 1613). 

Gives blue coloration with ferric chloride. 
Couples in alkaline solution with diazotised 
bases, giving azo-dyes of yellow shade {cf. 
Bayer, G.P. 78877 ; B.P. 3032, 1894). 

1:5:3:7 

(1) a-Naphtliol-3:5:7-trisulphoriic acid heated 
with 50*^*,, caustic soda at 150 160" (Kalle, 
(l.P.a. 12732). 

(2) Mixed with 70% of 1:3:5:7- from naphtha- 
lene- 1 :3:5:7-tetrasulph<)nic acid and 60% 
caustic soda at 180-200". 

Potassium and sodium salts, readily soluble 
needles ; in alkaline solution sliow bluish- 
violet fluorescence (Bayer, G.P. 79054). 

Give.s bluish-green coloration with ferric 
chiori<ie, 

C’ouples in acid or alkaline solution {cf. Bayer, 
l.c.) with 1 or 2 mol. {cf. Kalle, l.c.) of 
diazotised bases, giving azo-dyes. 

l:5;(2):(4) 

l:5-l)iliydroxynaphtlmlene siilphonatcd with 
sulphuric acid at 100 160" or witli anliydro- 
acid in the cold (Ewer and Pick, G.P. 
41934). 

No description publislied, but acid said to 
couple with diazotised bases (Ewer and 
Pick, l.c, ; cf. 2- and 4-moii08u]phonic 
aeid.s). 

l:(7);(2):(4) 

Fusion of a-naphtliol-2:4:7-l.risiilphoiiic acid 
with caustic alkali (cf. Hdclist, G.P. 67426 ; 
B.P. 18783, 1891). 

No description published. 

Couples with diazotised bases (Hdclist, l.c.). 

1:7:3:6 

Mixed with 30% of the 2:3:6:8-acid, by fusion 
of j3-naphthoJ-3:6:8-tri8uli)honic acid with 
caustic alkali at 230-240° (Hochst, G.P. a. 
4154; B.P. 9642, 1889 : G.P. 67.563: cf. 
Friediandcr and Silberstem, Monatsh. 1902, 
23, .527). 

Sodium salt, Na 2 A, sparingly soluble needles ; 
alkaline solutions show bluish-green fluores- 
cence. 

Forms a dark blue precipitate with formalde- 
hyde and hydrochloric acid (Friedl&nder 
and Silberstem, l.c.). 

(Jives fleeting blue coloration with ferric 
chloride {ibid.). 

Couples witli diazotised bases (Hochst, l.c.). 

1:8:2;4 

(1) l-Anuno-8-naphthol- or naphthasultam- 
2:4 - disulphonic acid heated with 80% 
caustic soda solution at 250° (Bayer, G.P. 
77703 ; B.P. 4979, 1893 ; Cassella, G.P. 
81282, Dressel and Kothe, Bcr. 1894, 27, 
2142). 

(2) l-Amino-8-naphthol-f>;7-di8ulphonic acid 
heated with dilute caustic soda solution 
above 250° (Badische, G.P.a. 16142 ; B.P. 
18924, 1893). 

(3) Fusion of a-naphthol-2:4:8-tri8ulphonic 
acid with caustic alkali at 210° (Bayer, G.P. i 
67021 ;«B.P. 3397, 1890; Drcssel and Kothe, 
Ber. 1894, 27, 2144). 

THsodium salt, readily soluble needles, showing 
faint blue fluorescence in solution ; tri- 
sodium salt, NajHA-)-‘4H20, readily soluble 
1 ) 08108 , formed in alkaline solution shows 
greenish fluorescence (Dressel and Kothe, 
l.c.). 

Forms a soluble orange wionomiroso-coinpound 
(Cassella, l.c. ; Dressel and Kothe, l.c.). 

Gives green coloration with ferric chloride 
{cf. Badische, l.c.). 

Couples with diazotised bases {cf. Bayer, G.P. 
73551; B.P. 18517, 1889). 

In acid solution with dichromate gives black 
dye on wool (Cassella, l.c,). 

1:8:3:5 

(1) Fusion of a-naphtliol-4:6:8-tri8Ulphonic 
acid with 70% caustic soda solution under 
pressure at 170-190° (Bayer, G.P.a. 7004 ; 
B.P. 171410, 1893 ; c/. KaUe, B.P. 1641, 
1894). 

(2) l-ATiiino*8*naphthol-3:5-diBulphonic acid 
•heated with 7% caustic soda solution under 
pressure at 240° (Leonhardt, G.P.a. 8682 ; 
B.P. 21919, 1895 ; Cassella, G.P. 108848). 

(3) l-Amlno-8-naphthol-4:6-di8ulphonic acid 
heated with 70% caustic alkali solution 
above 240° (Bayer, G.P. 80741; B.P. 
171410, 1893), 

Disodium salt readily soluble needles ; solu- 
tions of acid salts show faint blue fluores- 
cence { cf . Bayer, G.P. 79054). 

Forms a readily soluble yellow nitroso 
derivative. 

Gives green coloration with ferric chloride 
(Bayer, l . c .). 

Couples with diazotised bases (Bayer, G.P.a. 
7004 ; B.P. 171410, 1893). 


voL. yni.— 24 
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Constitu- 

tion. 


Preparation. 


Acids, salts, and reactions. 


0;0:S:S 
1:8; 3; 6 
Chromo- 
trope 
acid. 


(1) a-Naphthol-3:6:8-tri8ulj)honic acid or its 
suJtone heated witli 60% caustic soda at 
170-220® (Hochst, C.P. 67663). 

(2) l-Amino-8-naphthol-3:6-di8ulphonic acid 
heated with 5% caustic soda uiuier pressure 
at 265° (Bayer, G.P. 68721 ; B.P. 11522, 
1892). 

(3) l:8-l)ianiinonaphthalenc-3:6 - disulidioiiic 
acid heated witii 5% caustic soda under 
pressure at 260-280^ (Bayer, (r.P. 60190; 
B.P. 11522, 1892), or with dilute mineral 
acids or water under pressure at 150-160° 
(Cassella, G.P. 7.5153 ; cf. Voroschcov and 
.lurigiria, Anilinokras. Prom. 1933, 3, 453 ; 
B. 1934, 393). 

(4) 8-Chloro-a-naplithol-3:6-diBuli>honic acid 
fused with caustic alkali (Badische, G.P. 
147852). 


Acid forms four series of salts, two strongly 
acid, one neutral, one basic. Disodium 
salt, Na2H2A4 2H2O, readily soluble in 
water, and acid towards sodium carbonate ; 
alkaline solutions show violet-blue fluores- 
cence. Jiariuyyi salt, BaH2A + 3H20, small 
leaflets, which in solution with sodium car- 
bonate yudds the sodium barium salt, 
BaNaHAd 3H2O, noodles (libchst, L.c.). 

Gives grass-green coloration with ferric 
chloride. With oxidising agents gives 3 ug- 
Icrne - 2:7 - disulphimic acid (Kosenhauer, 
Wirth, and Kdnigor, Ber. 1929, 62 [B], 
2717). 

Couples with 1 or 2 mol. of diazotised 
bases, giving ortho-azo-dyes (Hantower and 
I'auber, Ber. 1898, 31, 2156) which form 
lakes with chromium salts (cf. Hochst, 
G.P. 59101). 

In acid solution with dichromate gives brown 
dye on wool (Hoclist, G.P. 77552). 

For monoalkyl derivatives, cf. Bayer, G.P. 
73251 ; 73741 ; B.P. 3493, 1893. 

For chloro derivative and derived azo-dyes, 
cf. Hochst, G.l*. 1.53195). 


1 : 8 :?;? 


l:8-Dihydroxynaphthulene sulplionatcd with 
sulplmric acid at 50" and the three products 
separattHl by UKuins of tiieir i)anuin salts 
(Badische, B.P. 14294, 1891 ; G.l». 79029 ; 
79030). 


Sodium salts very readily soluble, show hlm^ 
fluoreseence in alkaline solution. 

Give grtMUi eoJorations with ferric chloride. 
(Couple with diazotised i)ases, forming azo- 
dyes (cf. Bayer, G.l*. 79054). 


2:3:e:8 


Mixed with the l:7:3:6-acid by fusion of 
riai)hthol-3:6:8-tri8Ulpboiiic acid with eaustle 
alkali and separation from the less solubh* 
isomer by fractional pr(!cipitation with brine 
(H6(!hst, G.P. 67563; cf. Friedlander and 
Silberst<!rn, Monatsli. 1902,23, 527). 


Sodium salt, Na2A-f3JH20, easily soluble 
needles, shows bluish-violet fluorescence in 
alkaline solution ; barium salt, BaA, 
8i)aringly soluble needles. 

Gives violet colorat,ion with ferric ebloride, 
but no precipitate witii formaldehyde and 
hydroebloi’ic acid (Friedllinder ami Silber- 
stern, l.c.). 

Couples will! diazotised bases (idem, ibid.). 


2:7:3:6 


(1) 2:7 - Dihydroxyuaphthalenc sulpbonated 
with sulptmrie acid on a water bath 
(Aktienges., G.P. 75142 ; B.P. 16199, 
1893). 

(2) )3-Naphthol-3:6:7-tri8ulphoiiic acid heated 
with 60% caustic soda solution under jires- 
Bure at 220-300° (Bayer, G.P.a. 7243 ; B.P. 
25074 a, 1893). 


Acid sodium salt moderately soluble ; potaS' 
slum salt, large jieedles ; barium salt, 
almost insoluble ; salts show bluish-green 
fluore.seence in alkaline solution (cf. Bayer, 
G.P. 79054). 

Forms a sparingly soluble orange nitroso- 
compound. 

Gives deep blue coloration with ferric chloride. 

Couples in alkaline solution with 1 mol. of 
diazotised bases (Bayer, G.P.a. 7243). 


Aminodihydroxyj^aphthalenes. 

The aminodihydroxynaphthaleiies are little 
known and have no tec'hnical value. Their 
properties arc summarised below : 

N:0:0 (NH2CioH6(OH)2). 

1:2:3 Decomposes at 230° (Friedlftnder and Silber- 
Btem, Monatsh. 1902, 23, 521). 

1:2:4 Isolation doubtful. Triacetyl derivative, 
tablets, m.p. 155-156° (Kelmnann and 
Hertz, Ber. 1890, 29, 1419), An amino-l:3- 
dihydroxynaphthalene, which may have 
this constitution, has been described by 
Zincke and Wiegand (Annalen, 1895, 286, 
89) (cf. Friedllinder and Kiidt (Ber. 1896, 

29. 1611)). 

12 6 Not isolated. Obtained by reduction of azo 
derivative of 2:6-dihydroxynaphthalene 
(Kehmiann, ibid. 1907, 44), 1962). The 4- 
sulphonic add Is obtained by reduction of 
1 -nitro80-2: 6-dihydroxynaphthalene with 
sodium bisulphite solution (Bayer, G.P. 
87900 : B.P. 6086, 1893). 

1:2:7 Not Isolated. Obtained by reduction of 
nitroso-2: 7-dihydroxynaphthalene (Clausius, 
Ber. 1890, 23, 621). Triacetyl derivative 
m.p. 183° (Nietzki and Knapp, ibid. 1897, 

30, 1123). 7 -Methyl ether, leaflets, m.p. 
170° ; Z:7-dimethyl ether, needles, m.p. 82- 
83° (Fischer and Kem, J. pr. Chem. 1913, 
111], 94, 26). 


N;0:0 

The ^-sulphcmic acid is obtained by re- 
duction of l-riitroBO-2: 7-dihydroxynaphtha- 
lene with sodium bisulphite, 

1:3:4 Not isolated. 2'riacetvl derivative, prisms, 
m.p. 193° (Kehrinann, Ber. 1894, 27, 3340). 

1:4:7 Easily oxidisable (Fischer and Bauer, J. pr. 
Chem. 1916, [iij, 94, 7). 

1:5:8 Not isolated. Triacetyl derivative, needles, 
m.p. 165“ (Graebe and Oeser, Annalen, 
1904, 336, 149). 

1:(6):8 Uiiknowm. The ('S)-mlphonic acid, obtained 
by fusing 1 -amino-8-naphthol-3:6-diBul- 
phonic acid with 60% caustic soda at 210° 
is cliazotisable (Bayer, G.P. 75097). 

2:1:4 Not isolated, Triaceiyl derivative, needles, 
m.p. 259-260° (Kehrmann, Ber. 1894, 27, 
3348). 

2:1:6 Stellate groups (Fischer and Bauer, J. pr. 

Chenn 1917, [ii], 96, 262). Very sensitive 
to light. 

2:1:6 Unstable. Triaceiyl derivative, needles, m.p. 
160° (Fischer and Bauer, ibid. 1916, [iiJ, 
94, 6). 

2:3:4 Needles, m.p. 164°. Triacetyl derivative, 
needles, docomp. above 200° (Zincke and 
Noack, Annalen, 1897, 296. 13). 

2:(3):8 Unknown. The (G)-8ulphomc acid obtained 
by fusing 2-amino-8-naphthol-3:6-(il8ul- 
pnonlc acid with caustic alkali at 240-280°, 
18 diazotisable (Hdchst, G.P. 63023 ; B.P. 
16176, 1889). 
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Diaminodikydroxynaphthalenes. 

Several (liaminodiliydroxynaphthalenes have 
been described, chiefly the products of reduction 
of disazo-dyes obtained from dihydroxynaphtha- 
lenes. 

1:4- Diamino - 2:3- di hydroxynaphthalene 
is obtained by reduction of the disazo-dyes from 
2:3-dihydroxynaphthalene. It forms a sulphate, 
B^HgSO^, leaflets, and gives iaonaphthazarin 
with ferric chloride (Friedliinder and Siiberstern, 
Monatsh. 1902, 28, 524). 

1:()- Diamino- 4:5-di hydroxy naphthalene, 
obtained by reduction of the disazo-dyes from 
l:8-dihydroxynap}ithalene, is very rapidly 
oxidised. 

1:8- Diamino - 2:7 - di hydroxy naphthalene 
is obtained by reduction of the disazo-dyes from 
2:7-dihydroxynaphtha]ene. It gives a sulphate, 
needles, which forms a blue solution in alkalis 
(CasseUa, G.P. 108166 ; B.P. 9502, 1899). 

THIHYDROXYNAPHTHALENES. 

The trihydroxynaphthalenes have little techni- 
cal interest. They are produc-ed by fusion of 
naphthalene- or na])hthol-sulphonic acids wdth 
caustic alkali, or by reduction of hydroxynaph- 
thaepnnones, but the number of isomers thus 
furnisht'd is limited by the small number of 
acids or qiiinones available. Only six of the 
fourteen possible isomers have been isolated and 
characterisc'd, but sulphonic acids of tw'o others 
are known. 

(i) l:2:3-Trihydroxynaphthalene {Naph- 
thapyrogallol) is obtained by rediuition of iso- 
naphthazarin with zinc and boiling dilute sul- 
phuric acid (Zincke and Ossenbeck, Annalen, 

1899, 307 , 18). It is crystalline and gives a 
triacetate, in prisms, m.p. 250-255® (Zincke and 
Noack, ibid. 1897, 296, 19). 

(ii) l:2:4-Trihydroxynaphthalene is ob- 
tained by reduction of hydroxy-[a-]naphtha- 
quinone with tin and hydrochloric acid, or from 
its triacetate by hydrolysis with alcoholic 
hydrogen chloride (Thiele and Winter, ibid. 

1900, 311 , 346 ; G.P. 101607 ; B.P. 10690, 1898). 
It crystallises in needles, m.j). 154®. In alkaline 
Solution it is readily oxidised by air to hydroxy- 
[a-]naphthaquinone. 

The triacetate, obtained by heating [a-] or 
[)S-]naphthaquinone and acetic anhydride with a 
small quantity of sulphuric acid, or phosphoric 
acid (Bayer, G.P. 107608) at 3(M0®, or With 
zinc chloride at 50-60°, crystallises in needles, 
m.p. 134-136°. 

(iii) 1:3:5 -Trihydroxynaphthalene. — The 
7-8ulphonic acid is formed when naphthalenc- 
l:3:6:7-tetra8ulphonic acid or a-naphthol- 
3:5:7-trisulphonic acid or the 1:3- or l:5-di- 
hydroxydisulphonic acid is fused with caustic 
potash at 280° (Bayer, G.P. 80464 ; B.P. 19624, 
1893). Its potassium salt forms needle crystals 
and couples with 1 or 2 mol. of a diazotised base, 
forming azo-dyes (Bayer, G.P. 87583 ; B.P. 
1229, 1894). 

(iv) l;3:6-Trlhydroxynaphthalene is ob- 
tained by fusing l:6-dihydroxynaphthalene-3- 
Bulphonic acid with caustic soda at 250-270° 
(Meyer and Hartmann, Ber. 1906, 88 , 3950). It 
forms doubly refracting crystals, m.p, 95°, a 


hydrochloride in yellow needles, and a triacetate, 
needles, m.p. 112-113°. On boiling the aqueous 
solution a polymer, C2oH^Q(OH)g, possibly a 
dinaphthyl derivative, is formed, of which the 
hexa-acetate, scales, has m.p. 200°. It couples 
with 1 or 2 mol. of diazotised bases forming azo- 
dyes (Bayer, G.P. 78604). 

(v) 1:4:5 - Trihydroxynaphthalene ([a-]- 
hydrojuglow), mixed with about one-fifth the 
amount of [^-jhydrojuglone, is present in the shell 
of the walnut. It is insoluble in chloroform ; 
the [j8-] form is easily soluble (Mylius, Ber. 1884, 
17 , 2412; 1885, 18 , 2568). On melting, the 
[a-] compound gives an equilibrium mixture 
containing about 75% of the [p-] form, whilst an 
alkaline solution of the latter regenerates the 
fa-] compound on acidification, the isomerism 
being keto-enolic (Willstatter and Wheeler, ibid. 
1914, 47 , 2796). The [a-] compound separates 
from water in scales or needles, m.p. 148°. 

The H-chloro derivative, m.p. 115-120° (de- 
cornp.), may be obtained from 1 :5-dihydroxy- 
naphthalene by chlorination of th(^ diacetate at 
80°, oxidation of lh(^ product U) H-chloro-5‘ 
aceiory-[a-]-uaphthagumoue, m.p. 143°, hydro- 
lysi.s and reduction (Wh(‘e1er and Mattox, 
ti. Amer. Ghem. Hoc. 1933, 55, 686). The 2:6- 
dibromo derivative is similarly obtain<‘d (Wheeler 
and Krgle. ibid. 1930, 52, 4872). 

The trihydroxynaphthalene with ferric 
f'hloride gives juglone. With acetic anhydride 
it yields the triacetate of the f)3-] form in prisms, 
m.p. 129-130". \^-]Hydrojuglone crystallises in 
hexagonal tablets, m.p. 96-97°. 

(vi) l:4:6-Trihydroxynaphthalene is ob- 
tained by reducing 6-hydroxy-a-naphthaquinone 
with stannous chloride. It forms star-like 
groups of needles, m.p. 138-140°. It is unstable 
in air, being readily oxidised. The triacetate, 
needles, has m.p. 94-95° (Fisc^her and Bauer, 
J. pr. Chein. 1916, [iij, 94 , 8). 

(vii) 1:6:7-Tri hydroxynaphthalene is ob- 
tained by heating l:6:7-trihydroxynaphthalene- 
3-sulphonic acid with water or 5% sulphuric 
acid under pressure at 210-220° (Friedlander 
and Siiberstern, Monatsh. 1902, 23 , 630). It 
forms needles, m.p. 175°, a triacetate, needles, 
m.p. 143-144°, and a trimethyl ether, prisms, 
m.p. 127-128°. It couples in the 4-po8ition 
with 1 mol. of a diazotised base, giving azo-dyes 
which form lakes with chromium or iron salts 
(CasseUa, G.P. 110618; 110904). 

The 'i-sulphonic acid may be prepared from j8- 
naphthol-3:6:8-tri8ulphonic acid by prolonged 
fusion with caustic soda at 240-260°. Its 
barium salt, BaA 2 forms sparingly soluble 
leaflets, its sodium salt sparingly soluble needles. 
W^ith formaldehyde and hydrochloric acid it 
gives a violet precipitate. With diazotised bases 
it couples, forming azo-dyes (c/. Hdehst, G.P. 
67426; B.P. 18783, 1891). 

TETRAHYDROXYNAPHTHALENES. 

(i) 1:2:3:4-T et ra h y d roxy n a p h t h alene 
{Leucoimnaphthazarin) is obtained from iso- 
naphthazarin by reduction. It forms easily 
soluble scales, and its letra-acetyl derivative, 
needles, has m.p. 220°. It is readily oxidised to 
iaonaphthazarin, or reduced to l:2:3-trihydroxy- 



372 


NAPHTHALENE. 


naphthalene (Zincke and Ossenbeck, Annalcn, 
1899, 807, 16). 

(ii) l;4:6;6-Tetrahydroxynaphthalene is 
obtained from 6-hydroxy-[a-Jnaphthaquinone 
by nitration to the 6-nitro derivative, reduction 
with stannous chloride to 5-amino-l:4:6-tri- 
hydroxynaphthalene, oxidation by ferric chloride 
to 5:6*dihydroxy-[a-]naphthaquinone and finally 
reduction with stannous chloride to the tetra- 
hydroxy derivative. It crystallises in needles, 
m.p. 180° fdecoinp.) ; its tetra-acetate, in prisms, 
has m.p. 202°. When oxidised by manganese 
dioxide and sulphuric acid it yields a naphtha- 
purpurin identical with that from naphthazarin 
(Dimroth and Roos, ibid, 1927, 456, 187). 

(hi) l:4:6:8-Tetrahydroxynaphthalene is 
obtained by reduction of naphthazarin (v. p. 3846) 
with zinc dust and dilute sulphuric acid (Zahn 
and Ochwat, ibid. 1928, 462, 82) ; or by action 
of iron on a boiling aqueous “ naphthazarin 
melt” (Badische, G.P. 129074; B.P. 23887, 
1900). It forms needles, m.p. 190°, and its 
tetra-ac^tyl derivative, minute prisms, has m.p. 
277-279° (Liebermann, Ber. 1895, 28, 1457 ; 
Wheeler and Edwards, J. Amer. Chem. Soc. 
1916, 38, 387). It is easily soluble in alcohol, 
ether, and acetic acid. The alcoholic solution 
shows a violet fluorescence. It is very rapidly 
oxidised by air. It is readily oxidised to naj^h- 
thazarin and is a substantive dye which, when 
oxidised with chromic acid, on the fibre, gives 
black shades. The same structure has been 
claimed for a poly-hydroxynaphthalene, m.p. 
224°, which results from reduction of 2:3:8- 
tribromojuglone (Wheeler and Andrews, ibid. 
1921, 48, 2584). 

MERCAPTANS AND SULPHIDES. 

Apart from sulphonic acids, sulphur- contain- 
ing derivatives of naphthalene are of minor im- 
portance. Some mercapto- compounds are inter- 
mediates in the manufacture of vat dyestuffs. 
The preparation of sulphur derivatives of 
naphthalene is carried out by : 

1. Reduction of the corresponding sulphonyl 

chlorides to mercaptans. 

2. Reaction of a diazo-compound with sodium 

disulphide or xanthato leading eventually 
to the disulphide and by reduction to 
the mercaptan. 

3. Direct reaction with sulphur to give mono-, 

di-, and poly-sulphides (of particular 
application to the naphthols). 

4. Reaction of carbon disulphide and sulphur 

with naphthylamines to give a mercapto- 
naphthothiazole which is subsequently 
hydrolysed to the aminonaphthyl- 
mercaptan. 

Mercaptans. 

a-Naphthyl mercaptan {thio-a-naphthol) is 
obtained by reduction of naphthalone-a-sul- 
phonyl chloride by zinc and dilute sulphuric 
acid (Bourgeois, Rec. trav. chim. 1899, 18, 441) 
or by electrolytic reduction (Fichter and Tamm, 
Ber. 1910, 43, 3033). An alternative method is 
by the action of diazotised a-naphthylamino on 
potassium xanthate followed by hydrolysis and 


reduction (I.<euckart, J. pr. Chem. 1890, [ii], 41, 
216) ; or diazotised a-naphthylamine-8-sul- 
phonic acid with sodium disulphide is converted 
into dinaphthyldisulphidedisulphonic acid which 
is hydrolysed to dinaphthyldisulphide and then 
reduced to a-naphthylmercaptan (I.G., G.P. 
433103). It is a liquid, b.p. 161°/20 mm., 
volatile in steam but decomposing under ordinary 
pressure when heated to 285° giving l:l'-di- 
naphthylsulphide and HgS (Lrmckart, lx.). It 
is soluble in alcohol and ether but only sparingly 
so in aqueous alkalis. It is oxidised by air in the 
presence of alkali to LU-dinaphthyldisulphide 
(Leukart, l.c.). It has boon proposed as a 
plasticising agent for rubber (Du Pont, B.P. 
490292). With oxalyl chloride it givcis a- 
ymphlhaihiofuran-l :2-diont'. (Gosollach., Swiss. P. 
100851). 

4-Amino-a-naphthylmercaptan, m.p. 91- 
93°, is jircpared from naphthionic acid by 
acetylation and interaction with phosphorus 
pentachloiide to give 4-acetamidonaphthalene- 
1 -sulphonyl chloride which is reduced b^^ zinc 
dust to 4-acetamido-a-naphthylmercaptan and 
finally hydrolysed (Zincke and Schutz, Ber. 
1912, 45, 473). 

4- Hydroxy- a- naphthyl mercaptan, m.p. 
114°, is prepared from a-naphthoi-4-suJ]>honic 
acid, the hydroxyl group being protected by 
interaction with ethyl chlorofonnate, converted 
to Kulplionyl chloride, and tlu' product reduced 
and hydrolysed (Zincke and Ruppersberg, ibid. 
1915, 48. 120). 5-Hydroxy-a-naphthylmer- 
captan, m.p. 131-132°, is similarly prepared 
from a-naphthol-5-Hulphonic acid (Rennert, ibid. 
1915, 48, 459). 

^-Naphthylmercaptan (thio-p-naphthol) is 
prepared by reduction of naphthalenc-/3-8ul- 
phonyl chloride with zinc and acid (Bourgeois, 
Rec. trav. chim. 1899, 18, 441) or from j3- 
naphthylamine-1 -sulphonic acid by diazotisa- 
tion and reaction with sodium disulphide to 
give the corresponding dinaphthyldisulphidedi- 
sulphonic acid which is hydrolysed to 2:2'-di- 
naphthyldisulphide and then reduced to jS- 
naphthylmercaptain (I.G., G.P. 433103). It has 
m.p. 81°, b.p. 288°. and is only slightly volatile in 
steam. On distillation there is partial decom- 
position to 2:2'-dinaphthyl8uIphide and HgS. 
It is readily oxidised by air in the presence 
of alkali to 2:2'-dinaphthyldi8ulphide. It is 
claimed as a plasticising agent in the milling 
of rubber (Du Pont, B.P. 490292). 

6- Hydroxy-j3-naphthy I mercaptan, m.p. 
137°, is prepared as described for 4-hydroxy-a- 
naphthylmercaptan (Zincke and Dereser, Ber. 
1918, 61, 352). 

l-Amino-j3-naphthylmercaptan is pre- 
pared by interaction of carbon disulphide and 
sulphur with a-naphthylamino to give 2- 
mercapto-2':l'-naphthothiazole which is hydro- 
lysed with aqueous caustic soda. It is an inter- 
mediate for the preparation of thioindigoid 
dyes. 

Dinaphthylsulphiues and Disulphides. 

Ll'-Dinaphthylsulphide, m.p. 110°, is 
obtained by distillation of naphthalene-a-sul- 
phonate with potassium thiocyanate (Arm- 
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strong, ibid. 1874, 7, 407), by elimination of 
HgS in the distillation of a-naphthylraer(^aptan 
at ordinary pressure (Leuekart, J. pr. Chein. 
1890, [iij, 41, 217) or by distillation of the lead 
salt of a-naphthylinercaptan under reduced 
pressure (Krafft and Sehbnherr, Bcr. J889, 22, 
823). 

2:2'-Dihydroxy-l:l'-dinaphthylsulphide is 
obtained by heating j3-naphthol in dilute aqueous 
caustic soda with excess of sulphur (Henriques, 
I.C.). It is also obtained by heating jS-naphthol 
with sulphur alone or in solvent with gradual 
addition of lead oxide (Dahl, G.P. 35788; 
Ullraann and Buh]e‘r, J.C.8. 1906, 90, fi], 44) 
or by interaction of l-chloro-)3-naphthol with 
sodium sulphide (Itingeissen, Compt. rend. 1934, 
198, 2180). 2:2'- Dihydroxydinaphthylsulphide 
(j3-naphthol sulphide), first studied in detail by 
Henriques {ibid. 1894, 27, 2999), apparently 
existed in two forma which were considered to 
be stereoisomers but later w’ork by Smiles and 
collaborators (J.C.S. 1912, 101, 1146, 1423; 
1914,105,1750; 1930,956; 1931, 914) showed 
that the so-called nso-jS-naphthol sulphide is a 
thiol derivative of l:2'-dinaphthyl ether. This 
product on heating alone or in a solvent, 
particularly in an alkaline medium, changes to 
2:2'-dihydroxydinaphthylsulphide. It has m.p. 
214-215° and couples with diazo-compounds with 
elimination of sulphur giving azo derivatives of 
)S-naphthol (Henriques, l.c. ; Porai-Koschitz, 
G.P. 308909). Interaction with oxalyl chloride 
converts it into a naphtha thiofuran derivative 
(Gesellsch., G.P. 402994). 

2:2'-Dinaphthylsulphide, m.p. 151°, is ob- 
tained by heating the lead salt of )3-naphthyl- 
mcrcaptan or by heating 2:2'-dinaphthyldi8ul- 
phide with copper (Krafft and Schonherr, Ber. 

1889, 22, 823). 

Hl'-Dinaphthyldisulphide, m.p. 91°, is 
obtained by air oxidation of an alkaline solution 
of tt- naphthyl mercaptan (Leukart, J. pr. Chem. 

1890, [ii], 41, 217) or by electrolytic reduction 
of naphthalene-a-sulphonyl chloride in alcoholic 
sulphuric acid (Fichter and Tamm, Bor. 1910, 
43, 3032) as a stage in the further reduction to 
d-naphthylmercaptan. By heating to 260- 
^f70° it is converted to a mixture of l;l'-dinaph- 
thylmonosulphide and 1 : 1 '-dinaphthyltrisul- 
phide (Hinsberg, ibid. 1910, 43, 1876). 

2:2'-Dihydroxy-l:P-dinaphthyldisulphide 
is produced by heating j3-naphthol with sul- 
phur (Onufrowicz, ibid. 1890, 23, 3363) or in 
admixture with the monosulphide by heating 
)3-naphthol in aqueous alkaline solution with 
sulphur (Lange, ibid. 1888, 21, 261 ; Henriques, 
ibid. 1894, 27, 2999). 

2:2'-Dinaphthyldisulphlde, m.p. 139°, is 
obtained by air oxidation of an alkaline solution 
of j8-naphthylmercaptan (Leuekart, l.c.) or in 
admixture with other products by action under 
pressure of potassium hydrogen sulphide on 
naphthalene-^-sulphonic acid (Schwalbe, ibid. 
1906, 39, 3104) or by reduction of naphthalene-^- 
sulphonyl chloride with zinc and sulphuric acid 
(Mackopar, Zeit, fiir. Chem. 1869, 711). It is 
readily reduced to j3-naphthylmercaptan (Leu- 
kart, tc.) ; hydrogen peroxide oxidises it to the 
disulphoxide (Hinsberg, Ber. 1908, 41 , 4296). 


ALDEHY1)E8. 

The naphthaldchydes have not achieved any 
technical importance and consequently there is 
no extensive literature. 

a-Naphthaldehyde is prepared by oxida- 
tion of tt-naphthylcarbinol (Bamberger and 
Lodter, ibid. 1888, 21, 259) ; or from a-naphthyl- 
glyoxylic acid by formation of the anil and 
subsequent acid hydrolysis (Rousset, Bull. 8oc. 
chim. 1897, [iii], 17, 303) ; or by distillation of a 
mixture of cak'ium a-naphtlioato and calcium 
formate (Lugli, Gazzetta, 1881, 11, 394). A 
convenient method of preparation is from a- 
ehloromethylnaphthaleno which with hexa- 
methylenetetramine gives a 60% yield of a- 
naphthaldehvde (Coles and Dodds, ,1. Amer. 
Chem. 8oc. i938, 60, 853). 

Identification and Reactions. — a-Naphthaldc- 
hyde is a liquid of b.p. 291-6° (Bamberger and 
Lodter, l.c.). The oxime has m.p. 98° ; iscmi- 
carbazoncy m.p. 219°; a-naj)hthaldazine m.p. 
156°. 

Dll nitration it yields a mixture of the 5- 
and S-nitro derivatives (Ruggli and Burckhardt, 
Helv. ('him. Acta, 1940, 23, 441). 2-Chloro-a- 
naphihaldehyde is obtained by hydrolysis of 2- 
chloro-l-dichloromethylnaphthalene with acetic 
acid (Sachs and Brigl, Bor. 1911, 44, 2100). 
^-Ilydroxy^a-najdUhaldehyde (m.p. 84°) can be 
jirepared by the action of hydrocyanic acid and 
zinc chloride on j3-naphthol (Gattermann and 
Horlacher, ibid. 1899, 32, 284), but a more recent 
method is from formamide and )3-naphthol in 
presence of aluminium (kloride (I.G., G.P. 
519806; cf. Ruggli and Burckhardt, Z.c., 
p. 445) ; on nitration it yields the i^-nitro- 
compound. ^-Hydroxy-a-naphtholdehyde has 
been prepared by Gattermann {l.c.) and di- 
hydroxynaphtJuildehydes from dihydroxynaph- 
I thalenes (Morgan and Vining, J.C.S. 1921, 119, 
177 ; Adams and Burney, J. Amer. Chem. Soc. 
1941, 68, 1103). H-Carboxy-a-naphthaldehyde 

has been used for preparation of vat dyestuffs 
(Kalle, G.P. 384982). 

jS-Naphthaldehyde, m.p. 60°, can be pre- 
pared in 65% yield by distillation in a vacuum 
of a mixture of calcium j5-naphthoate and cal- 
cium formate (Behrend and Ludewig, Annalen, 
1911, 879, 352). it has also been prepared by 
reduction of )5-naphthoic acid with sodium amal- 
gam. Fulton and Robinson (J.C.S. 1939, 200) 
briefly describe the preparation of )3-naphthal- 
dehyde and its use in preparation of derivatives. 
A detailed description of its preparation in 80% 
yield by catalytic reduction of jS-naphthoyl 
chloride is given by Herschberg and Cason 
(Organic Syntheses, Vol. XXI, p. 84). 

S-Hydroxy-p-naphthaldehyde (m.p. 99-100°) 

has been prepared by hydrogenation of 2- 
acetoxy-3-naphthoyl chloride to 2-acetoxy-3- 
naphthaldehyde and subsequent hydrolysis. It 
is yellow. Its oxime has m.p. 207° (decomp.) ; 
pkenylkydrazone, m.p. 248° (Boehn and Profft, 
Arch. Pharm. 1931, 269, 25). 3-Ghloro-p- 
naphtkaldehyde,y m.p. 121°, has Iteen prepared 
by hydrogenation of 3-chloro-2-naphthoyl chlo- 
ride (Shoesmith and Mackie, J.C.S. 1930, 
1684). 
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CARBOXYLIC ACIDS. 

Of the carboxylic derivatives of naphthalene 
by far the most important is 2-hydroxy-3- 
naphthoic acid, which is itself used in the 
manufacture of azo-dyos and pigments, and in 
the form of its anilide, and substitution products 
thereof finds extensive application for the pro- 
duction of fast, insoluble azo-dyes on cotton. 
Many other naphthoic acid derivatives have 
attracted the attention of dyestuff manu- 
facturers. 8-Amino-l -naphthoic acid is used 
in the manufacture of vat dyes of the anthan- 
throne series. 

Naphthoic Acids. 

a- Naphthoic Acid can be prepared by boil- 
ing a-naphthonitrile with a mixture of sulphuric 
and acetic acids (Rabe, Bor. 1898, 81, 1898). It 
is also formed when a-broinonaphthaleno is 
heated with aqueous potassium cyanide and a 
small quantity of cuprous cyanide at 200*^ 
under pressure (R-oscninund and Struck, ihid. 
1919, 52 [B], 1755). It is prepared in 68-70% 
yield by passing carbon dioxide into a well- 
cooled benzene solution of the Grignard reagent 
from a-bromonaphthalcno and decomposing the 
product with sulphuric acid (Gilman, St. John, 
and Schultze, Organic Syntheses, 1931, Vol. XI, 
p. 80 ; cf. Whitmore and Fox, J. Amer. Chem. 
Soc. 1929, 51, 3363). It crystallises in needles, . 
m.p. 160°, b.p. 300°, dissolves only sparingly in 
hot water, and on nitration yields both the 5- 
nitro- and H-nitro-a-naphthoic acids (Ekstrand, ! 
J. pr. Chem. 1888, [ii], 38, 156). The barium 
salt, BaAg+AHgO, and the calcium salt, 
CaAg-f 2 H 2 O, crystallise in needles. It forms 
an explosive peroxide (Pummerer et al.y Annalen, 
1933, 503, 40). 

The nitrile, m.p. 34°, b.p. 299°, is obtained 
from a-naphthylamine by diazotisation, followed 
by the Sandmeyer reaction, in which it is an 
advantage to use potassium nickel cyanide 
(McRae, J. Amer. Chem. Soc. 1930, 52, 4550). 
A yield of 92-93% is obtained if a-chloronaph- 
thalene is heated with cuprous cyanide in 
pyridine at 220-250° (Newman, ibid. 1937, 59, 
2472). 

In 8-nitro-a-naphthoic acid, the nitro-group 
is easily replaced by means of sulphuryl chloride, 
giving S-chloro-a-naphthoic acid, m.p. 167-168°, 
but with sulphuryl bromide only 9% of 8- 
hromo-a-naphthoic acid, m.p. 178°, is obtained 
(Rule and Barnett, J.C.S. 1932, 176) ; the latter 
can be made also from 8-hydroxymercuri-a- 
naphthoic acid (Corbellini, Swiss. P. 209332 ; 
G.P. 684686). 

/3-Naphthoic Acid is obtained when fi- 
naphthonitrile is boiled with alcoholic potash 
(Vieth, Annalen, 1876, 180 , 306), or with a 
mixture of sulphuric and acetic acids (Baeyer 
and Besemfelder, ibid. 1891, 266 , 187). It is 
obtained in 60% yield from jS-bromonaphthalene 
by the Grignard reaction (Gilman and St. John, 
Rec. trav. chim. 1929, 48 , 743). It crystallises 
in silky needles, m.p. 184°, dissolves only 
sparingly in hot water, and yields trimellitic 
acid on oxidation with alkaline permanganate 
(Ekstrand, J. pr. Chem. 1891, [ii], 48 , 427). 
The barium salt, BaA24-4H20, and calcium 


salt, CaAg-f SHjO, crystallise in veiy sparingly 
soluble needles. The nitrih forms scales, m.p. 
66*5°, b.p. 306'5°. The hydrazide has m.p. 
147*6° (Goldstein and Cornamusaz, Hclv. Ohim. 
Acta, 1932, 15, 939). On reduction with sodium 
amalgam, j8-naphthoic acid forms p-naphthal- 
dchyde (Weil and Ostermcier, Bcr. 1921, 54 [B], 
3217). 

j8-Naphthoi(^ acid can be sulphonated to give 
5-, 7-, and 8-sulphonic acids which in turn can 
be Cf HI verted to the corresponding hydroxy 
derivatives (Rf)yle, Schodler, and Butler, J.C.S. 
1923, 123, 1641). 

On nitration, j8-naphthoic acid gives a mixture 
of H-nitro- and 5-mtro- with a trace of i-nitro- 
conipound (Harrison and Royle, ihid. 1926, 84). 

Aminonaphthoio Acids. 

The aminonaphthoic acids (^an generally be 
prepared from the corresponding hydroxynaph- 
thoic acid.s by the Bucherer reaction. Excep- 
tions are l-hydroxy-jS-naphthoie acid and 3- 
hydroxy-j8-naphthoic acid which undergo dcf^ar- 
boxylation {idem, ibid.). Another method is to 
fuse the corresponding naphthylaminesulphonic 
acid with potassium cyanide and theii hydrolyse 
the nitrile (hViedlandcr, Heilpern.and Spielfogel, 
Mitt. Tech. Gewerbe Museum Wien, 1898, 316; 
Cassella, G.P. 92995). 

2-Amino-a-naphthoic Acid is obtained 
in 90% yield by bf)iling naphthisatin with sid- 
phuric acid or sodium perborate in alkaline 
solution (Hochst, B.P. 252820). 

8- Amino-a-naphthoic Acid is prepared by 
converting a-naphthylarnine-S-sulphonif; acid 
to l-cyanonaphthalene-8-8ulphonic acid (Sand- 
meyer reaction) and fusing this with caustic 
soda, the resulting naphthastyril being hydro- 
lysed with dilute caustic soda (I.G., B.P. 
276126); or by aminating 8-halogeno-a-naph- 
thoic acid (Corbellini, U.S.P. 2111756), or by 
reduction of 8-nitro-a-naphthoic acid (Ekstrand, 
J. pr. Cliem. 1888, [ii], 88, 159), or from 1:8- 
naphthalimido by the Hofmann reaction. It 
forms an internal anhydride. 


CO NH 



naphthastyril, of m.p. 180-181°, by dissolving 
in alcohol or boiling with water {idem, ibid.). 

3-Amino-j3-naphthoic Acid is obtained 
from 3-hydroxy-)3-naphthoic acid by heating at 
about 200° with aqueous ammonia in presence 
of such salts as zinc chloride or ammonium 
chloride, yield 80% (Gessellsch., B.P. 260698) or 
ferrous sulphate (I.G., B.P. 282450) or iron and 
ammonium chloride (I.G., B.P. 309616) or by 
heating with the ammonia compound of zinc 
chloride at 240° (I.G., B.P. 284998) or with zinc 
oxide or carbonate and ammonium chloride at 
180-200° in 70-80% yield (I.G., B.P. 330941). 
Yellow needles, m.p. 214°. Boiled with con- 
centrated caustic a^alis it forms Z-kydroxy^fi- 
naphthoic acid. 
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Hydeoxynaphthoio Acids. 

Two general methods have Ix^en used for the 
production of hydroxy naphthoic acids : 

1 . Fusion of sulphonated naphthoic acids with 

caustic alkali ; 

2. Interaction of the sodium salts of naphthols 

or dihydroxynaphthalones with carbon 
dioxide under press at a suitable 
temperature. The acids formed from the 
naphthols arc : 


OH 



II. 111. 


The a-acid (ll) from /3-naphthol is obtained at 
120-140®, and the j3-a(;id (III) at 200-250®, aj 
transformation whi(;h affords one of the rate 
examples in the naphthalene series of tlu^ entiy 
of a radical into the 3-position to produce a 
2:3-di-sub8titution derivative. 

The order of stability of the thr(‘e mono- 
hydroxy-acids may be inferred from the follow- 
ing facts : 

(i) Acid II, when heated alone or with water, 

loses carbon dioxide more readily than 
acid 1 ; both acids by coupling furnish 
azo-dyes wfiich do not contain the 
carboxyl group ; and acid I with nitrous 
acid gives 2-nitroso-a-naphthol by elimi- 
nation of the carboxyl group. 

(ii) Acid III, on the contrary, does not suffer 

these decompositions and loses carbon 
dioxide only when boiled with solutions 
of sodium bisulphite, ammonium bisul- 
phite, or phenylhydrazine and bisul- 
phite, furnishing jS-naphthol, j9-naph- 
thylamine, and naphthacarbazole re- 
spectively (Bucherer, J. pr. Ohem. 1005, 
[ii], 71, 445 ; Bucherer and Soydo, 

G.P. 208960; J. pr. Chem. 1008, [ii], 
76, 403). 

2-Hydroxy-^-7Ui'phthoic acid and its derivatives 
are used as developers in the production of azo- 
dyes. They are remarkable as furnishing two 
series of compounds, one yellow and the other 
colourless (Mohlau, Bor. 1895, 28, 3100). 

(i) 2-Hydroxy-a-naphthoic Acid is ob- 
tained by acting on dry sodium )S-naphthoxide 
with solid, liquid, or gaseous carbon dioxide 
under pressure in the cold, and subsequently 
heating the sodium j3-naphthyl carbonate thus 
reduced at 120-140® (Schmitt, G.P. 31240; 
chmitt and Burkard, Ber. 1887, 20, 2701; 
Heyden, G.P. 38052). The acid crystallises in 
ne^es, m.p. 166-167®, but when slowly heated 
begins to decompose at 124r-128°, and is con- 
verted quantitatively into jS-naphthol and carbon 


dioxide by prolonged boiling with water (Schmitt 
and Burkard, lx.). With ferric chloride a deep 
violet-black coloration is formed. It couples 
with diazotised bases, but the products are azo 
derivatives of j8-naphthol (Nietzki and Guiter- 
mann, Ber. 1887, 20, 1275). 

The 6-sulphonic acid is formed from 2- 
hydroxy-a-naphthoic acid by sulphonation with 
20% anhydro-acid at 40® (Seidlor, G.P. 53343), 
and its chloride by interaction with chlorosul- 
phonic acid in the cold (Bayer, G.P. 278091). 
It loses carbon dioxide forming j3-naphthol-6- 
sulphonic acid, either when warmed in aqueous 
solution at 60°, or when coupled with diazotised 
bases (Seidler, l.c.). 

(ii) 3-HydrOxy-a-naphthoic Acid is pre- 
pared by fusion of 3-sulphonaphthalene-l- 
carboxylic acid or its nitrile with caustic alkali 
(G.P. 413836; cf. Lesser and Gad, Ber. 1925, 
58 (B], 2551). It has m.p. 248-249°; acetyl 
derivative, m.p. 173-174®. 

(iii) 4-Hydroxy-a-naphtholc Acid. — Its 
esters can be made by the interaction of a- 
naphthol with a carbon tetrahalide in the 
presence of aliphatic ah^ohol and alkali 
(Gcsellsch., B.P. 181009). Heated with an 
arylamine, the esters give rise to arylidos 
(Swiss. P. 99280; 100363-5 ; O.V. 405440). The 
acid has m.p. 183-184® (decomp.); acetyl 
derivative, m.p. 178-179® (Heller, Ber. 1912, 
45, 674). 

(iv) 5- Hydroxy-a-naphthoic Acid, from 
a-naphthylamine-5-su] phonic acid through the 
derived diazo- and cyano-compounds the latter 
being fuse<l with caustic alkali to replace the 
sulplionic group by hydroxyl, has m.p. 235- 
236®, acetyl derivative 202-203® (Roylo and 
Schedler, j.C.S. 1923, 123, 1641). 

(v) 6-Hydroxy-a-naphthoic Acid, similarly 
obtained from a-naphthylamine-6-8ulphonic 
acid, has m.p. 208 -209°; acetyl derivative, 
m.p. 209-210® (idew, ibid). 

(vi) 7-Hydroxy-a-naphthoic Acid, from 
a-naphihylammo-7-8iilphonio acid, has m.p. 
253-264®; acetyl derivative, m.p. 221-222° 
{iderHf ibid.). It is also formed when 1:8- 
phthaloyl-j8-naphthol is fused with caustic soda 
(Rieche, Ber. 1931, 64 [B], 1603). 

(vii) 8 - Hydroxy - a - naphthoic Acid, 
formed, together with the anhydride or lactone 
(m.p. 108°), by boiling diazotised 8-amino-a- 
naphthoic acid with dilute sulphuric acid, 
crystallises in needles, m.p. 169° (Ekstrand, ibid. 
1886, 19, 1138) ; it does not readily regenerate 
the lactone. It is also prepared from 1-cyano- 
naphthalene-8-8ulphonic acid by hydrolysia with 
60% sulphuric acid at 70° to the internal 
anhydride of 8-sulpho-l -naphthoic acid (m.p. 
151-162°) followed by fusion with caustic potash 
at 200° (Grasselli, U.S.P. 1623678). 

(viii) l-Hydroxy-^-naphthoic Acid is ob- 
tained from dry sodium a-naphthoxide and 
carbon dioxide under pressure at 120-146° 
(Heyden, G.P. 38052), or solid, liquid, or gaseous 
carbon dioxide in the cold and subsequently 
heating the sodium a-naphthyl carbonate thus 
produced at 120-140° (Schmitt, G.P. 31240; 
Schmitt and Burkard, Ber. 1887, 20, 2699). 
The acid crystallises in needles, m.p. 187°, is 
only very sparingly soluble in water (0-058 g. 
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in 100 c.c. at 17“), and gives with ferric chloride 
an intense blue coloration. The sodium salt, 
NaA-l-HgO, scales, and the ammonium salt, 
NH^A, needles, are readily soluble in hot water 
(8ohraitt and Burkard, l.c.). 

Reactioms.—V^iilo nitrous acid it reacts to 
form 2-nitro8o-a-naphthol with the elimination 
of carbon dioxide ; nitric acid converts it into 
2:4-dirutro-a-naphthol (Nietzki and Guitcr- 
mann, ibid. 1887, 20, 1275) but its methyl ester 
undergoes nitration in the 4 -position, the ester 
group remaining intact (Rao, Proc. Indian Acad. 
Sci. 1938, 7, A, 201 et seq.). Chlorinated in 
acetic acid solution, it yields ^-chloro-l -hydroxy- 
p-naphthoic acid, from which carbon dioxide is 
readily eliminated giving 4-cMoro-a-naphthol 
(Kalle, G.P.a. 45914). With diazotised nitro- 
anilines it couples forming ^am-azo -dyes (Nietzki 
and Guitermann, l.c.; cf. Nietzki, G.P. 44170; 
46203; B.r. 17583, 1887). The arylides have 
been claimed as dyestuff intermediates (I.G., 
B.P. 487770). 

The 4-sulphonic acid is obtained from 1- 
hydroxy-)3-naphthoic acid by warming it with 
monohydrate at 00-70° until sulphonation is 
complete (Dahl, G.P. 51715 ; c/. Konig, Ber. 
1889, 22, 787) and its chloride, rn.p. 200°, by 
interaction with chlorosidphonic acid in the cold 
(Bayer, G.P. 264780; B.P. 18430, 1913). The 
acid, HgA-f SHgO, crystallising in small needles, 
shows blue iluoreacorK^e in alkaline solution. 

Nitric acid converts it successively into 4- 
nitro-l-hydroxy-P-naphthoic acid and 2:4-dinitro- 
a-naphthol (Konig, Ber. 1890, 23, 806). With 
diazotised bases it interacts, but owing to elimi- 
nation of carbon dioxide, the azo-dyes formed 
are derivatives of a-naphthol-4-sulphonic acid 
(Konig, l.c. ; c/. Dahl, l.c.). 

The 4:1 -disulphonic acid is the main product 
of the sulphonation of 1 -hydro xy-j3-naphthoic 
acid with 20% anhydro-acid at 1(K)° (Konig, 
ibid. 1889, 22, 787; Seidler, G.P. 56328). The 
acid, H3A-f4H20, needles, shows bluish-green 
fluorescence in alkaline solution (Konig, l.c.). 

When boiled with 3% hydrochloric acid it 
yields a-naphthol-4:7-disulphonic acid, but with 
dilute sulphuric acid at 140° it gives l-sulpho-l- 
hydroxy-^-naphthoic acid (Friedlander and Taus- 
sig, Ber. 1897, 80, 1460). Fusion with caustic 
alkali at 220-240° converts it into 4-sulpho-i:l- 
dihydroxy -2 -naphthoic acid, and at a higher 
temperature into 1:l-dihydroxynaphthalene-4- 
sulphonic acid. With diazotised bases it inter- 
acts forming azo-dyes of a-naphthol-4:7-di8ul- 
phonic acid, owing to elimination of carbon 
dioxide (Konig, ibid. 1890, 23, 810). Condensed 
with alkylated diaminodiphenylcarbinol followed 
by oxidation it gives chromable wool-dyes 
(Bayer, B.P. 234569). 

(ix) 3-Hydroxy-j3-naphthoic Acid or 2- 
Hydroxy-3-naphthoic Acid is the only 
technically important hydroxynaphthoic acid. 
It is obtained by the Kolbe-Schmitt reaction. 
)3-Naphthol and solid caustic soda are heated 
together in molecular proportion. The mass 
fuses and, by applying vacuum, water is re- 
moved, leaving dry sodium jS-naphthoxide. 
This is ground to a powder and heated at about 
240° in an atmosphere of carbon dioxide at 
about 100 lb. pressure. The resulting car- 


boxylic acid probably reacts with unchanged 
sodium j8-naphthoxide, forming the disodium 
salt of 2: 3 -hydroxynaphthoic! acid and free /S- 
naphthol. The maximum possible yield is 
therefore 50% of theory {cf. Silin and Moscht- 
schinskaja, ,1. Gen. Chem. Russ. 1938, 8, 810). 
The reaction product is lixiviated and partly 
acidihed to precipitate jS-naphthol and tarry 
material, and from the clear filtrate the 2:3- 
hydroxynaphthoic acid is separated by addition 
of more a(‘id. 

On the large scale the whole of the rcfiction 
is carried through in one vessel, which is pro- 
vided with suitable means of breaking up the 
sodium naphthoxid(5 by a strong stirrer ; alter- 
natively th(i autoclave, containing iron balls, 
may be rotated. 

Modifications of the above method of carrying 
out the Kolbe-Schmitt reaction whi(‘h have 
been suggested are {a) the use of a solvent 
(Calco Chem. Co., B.P. 511393), {b) the use of 
paraffin wax as a diluent (Cone, U.S.P. 1503984), 
(c) formation of ^-naphthol-1 -carboxylic acid at 
low temperature followed by heating as above 
(Schwenke, IT.S.P. 1700546), {d) use of pressure 
(Nat. Aniline Chem. Co., U.S.P. 1725394), 
(e) removal of naphthol as formed (Shorey, 
U.S.P. 1450990). 

Identification. — it crystallises in yellow scales, 
m.p. 216°, dissolves only very sparingly in hot 
water, and is characterised by its great stability. 
Its normal salts, ethyl ester, needles, m.p. 85°, 
b.p. 290-291° (Rosenberg, Ber. 1892, 25, 3634), 
and hydrazide, plates, m.p. 203-204° (Franzen 
and Eiehler, J. pr. Chem. 1908, liij, 78, 164) arc 
yellow, but the basic sodium salt, the O -acetyl 
derivative, needles, m.p. 176-177° (Griidenwitz, 
Ber. 1894, 27, 2624), the chloride, m.p. 99°, the 
amide, m.p. 217° (Fries, ibid. 1925, 58 [B], 
2848), the anilide, scales, m.p. 243-244° 
(ScJhopff, ibid. 1892, 25, 2743) and arylated 
amides generally (Griesheim, G.P. 293897) are 
colourless, although the arylamides dissolve in 
alkalis giving yellow solutions. 

Mea^ctions. — On oxidation with potassium 
permanganate in alkaline solution it gives o- 
carboxyphenylglyoxylic acid (Schopff, Ber. 1893, 
26, 1123) and phthalic acid (Schmitt, l.c., 
p. 1114). With nitrous acid it yields l-nitroso- 
2 -hydroxy -'^-naphthoic acid (Kostanecki, ibid. 
1893, 26, 2898 ; GuHnof, Ukrain. Chem. J. 1932, 
Tech. 197). The nitroso compound can be 
treated with iron salts to give pigments 
(Badische, G.P. 360322). Treated with sodium 
bisulphite it gives a compound which, on acidifi- 
cation, loses carbon dioxide and gives 1-nitroso- 
P-naphthol-4-sulphonic acid (Lanz and Mingasson, 
Bull. Soc. chim. 1931, [iv], 49, 1172). Mono- 
hydrate at 60° gives a mixture of the 6- and 8- 
sulphonic acids, but chlorosulphonic acid in the 
cold the l-aulphonyl chloride, m.p. 219° (Bayer, 
G.P. 264786; B.P. 18430, 1913). Bromination 
gives \:^-dihromo-2-hydroxy-^-ruiphthoic acid 
(I.G., B.P. 378676) which can be reduced to the 
6-5rowio-compound with mild alkaline reducing 
agents (I.G., B.P. 381947). The latter can ^ 
converted to the 6-awmo- compound (I.G., B.P. 
462699). With diazotised bases it couples, 
forming azo-dyes, without elimination of the 
carboxyl group (Kostanecki, l.c. j cf. Aktienges., 
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G.P. 77286; B.P, 15789, 1892; Sircar and 
Watson, J.S.C.I. 19J3. 82, 642). Oxidation 
with ferric chloride gives rise to 2:2'~dihydroxy- 
\:l'-din(ipht?iyl-3:3'-dicarboTylic acid, rn.p. 331- 
333® (decomp.), resolvable into optical i.somers 
(Stanley and Adams, Kec. trav. chim. 1929, 48* 
1035). Condensation with aliphatic diamines 
in the presence of scaliiim bisulphite j)roduces 
w-aminoalkylarninoalkyl-compoiindH, c.g., 
naphthyl - w - ammopihylantme (Bayer, B.I\ 
249717). Heated with lerrous sulphate and 
ammonia under pn'ssurc at 200-210®, an iron 
compound, 

/NHFe 


is formed which is decomposed by hydrochloric 
acid to give 2 -arn inn -3 -naphthoic arid (I.O., 
B.P. 282450; .scfi also Mohlau, Bcr. 1895, 28, 
3096). 

Arylamidc.s . — The arylamides or “ arylidcs ” 
of 2-hydroxy-3-naphthoic acid have assumed 
considerable importance as components of the 
Azoic; dyes or Ice colours. The anilide was first 
used as source of azo-dyes by being coupU‘d 
with diazotised primuline (Badtsche, G.P. 
221481), but later, under the name “ Naphthol 
AS,” was introduced as a developer for brilliant 
shades on the fibre, replacing )3-naphthol. For 
further information on the technical application 
of the arylamides, see Hvestuffs, Azo, Vol. IV, 
227. 

The arylamides are prepared by heating 2:3- 
hydroxy naphthoic; acid and tlie appropriate; 
amine in molecular proportion in a suitable 
solvent, e.g., toluene, with a condensing agent 
such as phosphorus trichloride or thionyl 
chloride. The charge is then made alkaline 
with soda ash and the solvent distilled off with 
steam. The insoluble arylide is filtered, washed 
with acid to remove any remaining amino and 
dried. Tertiary bases can be used as the solvent 
(British Synthetics, Ltd. and Higgins, B.P. 
262958 and 268877). 

The anilide reacts with nitrous acid, forming 
[ p-]naphthaqitinoneoxi7ne-3-carboxyanilide which 
as sodium salt can be converted by sodium bi- 
sulphite into a bisulphite compound, which is 
claimed to dye cotton better than the corre- 
sponding ^-naphthol derivative. The quinonc*- 
oxime can be reduced to } -amino-2-naphthol-3- 
carboxy anilide, m.p. 180° (Battegay, Langjahr, 
and Rettig, Chim. ot Ind. 1924, 11, 453 ; 
Battegay and Riesz, Bull. Soc. chim. 1932, |iv], 
51, 902). The arylides condense with form- 
alciehyde to give l:l'-dinaphthylmethane com- 
pounds; henen the stabilisation of “Naphthol 
AS” baths by formaldehyde is attributed to 
the formation of substances of this type (Brass 
and Sommer, Ber. 1928, 61 [B], 993). As 
formaldehyde may itself produce deleterious 
effects on the dyes, an alternative proposed is to 
replace the hydrogen atom in the — CON HR 
group of the arylide by an aromatic quaternary 
ammonium radical, the arylide, for example, 
being heated with pyridiniummethyl iodide 
(British Synthetics, Ltd., B.P. 230920). 

Arylamides sulphonated with monohydrate at 


90° furnish sulphonic acids of value as dyestuff 
intermediates (Hochst, B.P. 183428). 

Arjdamides sulphonated in the arylamino-part 
of the molecule can be obtained, e.g., by using 
0 -, m-, and p-anilincsulphonic acids in the 
general method of condensation, pyridine being 
used as solvent (Voroschcov and Gej.kin, J. Gen. 
Chem. Russ. 1938, 8 , 357). 

Niiclear substituted mothoxy derivatives can 
be prepared by Kolbe’s reaction from the (;orre- 
sponding mcthoxy-^-naphthols (I.G., B.P. 
3()614()), and 5-, 6-, and 7-arylaraino derivatives 
by heating the alkali salt of the corresponding 
ai ylan)ino-/9-naphthol with carbon dioxide under 
pressure (I.G., B.P. 382449). 

The G-sulphonic acid and the ^sulphonic acid, 
obtained by sulphonating 2-hydroxy-3-naph- 
thoic acid with monohydrate at 60° or above, are 
separated as calcium salts, that of the 6-sul- 
phonic acid being the more soluble in hot water 
(Gesellsch., G.P. 69357 ; 8chmid, Ber. 1893, 
26, 1118; Hirsch, ibid. 1177), or as acid sodium 
salts, that of the O-sulphonic acid being the less 
soluble (Bucherer, c/. J.S.C.I. 1903, 22, 945). 
The 6-acid coujdes readily, but the 8-acid only 
slowly with diazo-compounds. 

The io:H-dlsulphonic acid is the chief product 
of the sulphonation of 2-hydroxy-3-naphthoi(; 
acid with 24% anhydro-acid at 125-150° 
(Gesellsch., G.P. 67000; B.P. 14161, 1892. 
Fusion w’ith caustic soda at 210-240° converts 
it into 3-sidpho-l'.l-dihydroxy-i)-naphthoic acid 
(Gesellsch., /.c. ; r/. G.P. 71202; Schmid, Z.c.). 
With ammonia solution at 240-280°, it gives 6- 
sidpho - 2 - amino - 8 - hydroxy - 3 • naphthoic acid 
fGescUsch., G.P. 69740). 

(x) 4- Hydroxy-^-naphthoic Acid was first 
claimed to be prepared from 4-amino-2-naph- 
thonitrile by Butler and Royle (J.C.S. 1923, 
123, 1649), but there appears to be an error in 
their results since the melting-point of their pro- 
duct was api)reciably lower than that obtained 
by Cason (d. Amer. Chem. Soc. 1941, 63, 828) 
by the saim; method. It has also been prepared 
from 4-chloro-3-amino-j8-naj)hthoic acid through 
the diazo-oxide (Luce, G.P. 523358). Haworth, 
Jones, and Way (d.C.S. 1943, 10) have syn- 
thesised it from benzylsuccinic acid by con- 
version with aluminium chloride to 4-keto- 
l:2:3:4-tetrahydronaphthoic acid which was 
brorninatod to 3-bromo-4-keto-l:2:3:4-tetra- 
hydronaphthoic acid from which HBr was 
climinate<i by heating with diethylaniline to 
give ^-hydroxy -^-naphthoic oamI. 

The acid has m.p. 225-226° ; accZyZ-compound, 
m.p. 211-212° (Cason, Z.c.). 

(xi) 5-Hydroxy-)S-naphthoic Acid, ob- 
tained by fusing the corresponding sulphonaph- 
thoic acid with caustic potash, has m.p. 211°; 
acetyl-compound, m.p. 214-216° (Butler and 
Royle, Z.C.). 

(xii) 6-Hydroxy-j3-naphthoic Acid, by the 
same method, has m.p. 240-241°; acetyl, m.p. 
221-223° (Z.C.). It is obtained with the 3:2- 
isomcr by the Kolbe-Schmitt method using 
potassium )3-naphthoxide instead of sodium 
j8-naphthoxide (Grassolli, U.S.P. 1593816). Its 
arylides can be used for azoic colours (Bayer, 
G.P. 294798). On sulphonation with concen- 
trated sulphuric acid at 50-80° it gives a 
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separable mixture of the 4- and 7 -isomers and 
with oleum the 4:1 -disulpkonic acid (I.G., B.P. 
291966). 

(xiii) 7-Hydroxy-j8-naphthoic Acid from 
7-amino-2-naphthonitrile has m.p. 269-270°; 
ace< 2 //-compound, m.p. 209-210° (Butler and 
Royle, Z.C.). 

(xiv) 8-Hydroxy-j3-naphthoic Acid, by a 
similar method to the 5 -isomer, has m.p. 228- 
229°; acet7jl, -compound, m.p. 176-177° {idem, 
ibid), 

Djhydiioxynaphthoic Acids. 

Of the dihydroxynaphthalenecarboxylic acids, 
six, namely those containing the radicals 
OHtOHrCOgH in the 1:2:3-, 1:4:2-, 1:6:(?), 
1:7:(?), 1:8:2-, and 2:7:(3)-positions, have been 
obtained by interaction of the heated sodium 
salts of the respective dihydroxynaphthalenes 
with carbon dioxide under pressure (c/. Mohlau, 
Ber. 1893, 26, 3067; 1895, 28, 3093; Schmid, 
ibid. 1893, 26, 1117; Russig, J. pr. Chem. 1900, 
fii], 62, 33; Hemraelmayr, Monatsh. 1917, 38, 
84; Heyden, G.P. 55414), and two containing 
these radicals respectively in the 3:6:2- and 
3:7:2-i)Osition8, by fusion of the corresponding 
sulpho-3-hydroxy-/3-naphthoic acids with caustic 
alkali {cf. Schmidt lx. ; Gesellsch., G.P. 69357). 
l:4-l)ihydroxynaphtha]ene-2-carboxylic acid has 
been obtained by synthesis from ethyl phthalate 
and ethyl succinate (Homeyer and Wallingford, 
J, Amor. Chem. Soc. 1942, 64, 798). 

(i) 2:7 - Dihydroxy - a- naphthoic Acid, 
m.p. 275°, is prepared from 2: 7 -dihydroxy- 
naphthalene (Passerini, Gazzetta, 1 924, 54, 633) 
by reaction with phenjdcarbylamine, an inter- 
mediate “ dianil ” compound being formed. 

(ii) 1:7 - Dihydroxy - jS- naphthoic Acid 
(m.p. 222°) is produced by hydrolysis of 1:7- 
dihydroxy-4-8ulpho-j8-naphthoic acid. The 4- 
sulphonic acid is produced by fusing 4:7-di- 
8ulpho-l-hydroxy-j3-naphthoic acid with 80% 
caustic soda solution at 190° (Bindschedler, 
G.P. 84653; B.P. 4630, 1894), or with caustic 
soda at 220-240° (Friedlilnder and Zinberg, 
Ber. 1896, 29, 38). It couples with diazotised 
bases (Bindschedler, Z.c.) and is converted into 
1:7 - dihydroxynaphthalene - 4 - sulphonic acid 
when heated with 30% caustic soda at 140-160° 
(Bindschedler, G.P. 83965), but into l:7-di- 
hydroxy-jS-naphthoic acid when either boiled 
with 20% hydrochloric acid (Bayer, G.P. 89539), 
or heated at 140° with 60% sulphuric acid 
(Friedl&nder and Zinberg, Z.c.). 

(iii) 3:6- Dihydroxynaphthalene -/3-naph- 
thoic Acid. — The 7-sulphonic acid {nigrolic 
acid; cf. Bucherer, J. pr. Chem. 1907, [ii], 75, 
287), obtained by fusing 6:8-disulpho-2-hydroxy- 
3-naphthoic acid with caustic soda at 210-240° 
(Gesellsch., G.P. 67000; B.P. 14161, 1892; 
Schmid, Ber. 1893, 26, 1119) shows yellowish- 
green fluorescence in alkaline solution. It 
couples with diazotised bases forming black or 
grey azo-dyes (Gesellsch., G.P. 71202 ; 76268 ; 
80912 ; 84546 ; B.P. 14253, 1892 ; 4460, 1894). 

(iv) 3:7- Dihydroxy - naphthoic Acid, 
derived from 2-hydroxy-3-naphthoic acid by 
sulphonation and fusion with caustic soda 
(Gesellsch., G.P. 69367) has been used for chrome 
azo-dyes (I.G.. fe.P. 270308). With ammonia it 


gives 1 -amino-^ -hydroxy- P-naphthoic acid, m.p. 
296° (I.G., B.P. 326971 ; 334700). 

(v) 4:6-Dihydroxy-^-naphthoic Acid is 
obtained by sulphonating 6 - hydroxy - p - 
naphthoic acid and fusing the product with 
alkali. It couples with diazotised bases to form 
dyes for wool (I.G., B.P. 302770). 

Naphthalenedicarboxylic Acids. 

The naphthalenedicarboxylic acids, except the 
l:8-isomer, are of little technical importance. 
The dinitriles of the 1:2- and 2:3-acid8 give green 
phthalocyanine dyes (Brad brook and Linstead, 
J.C.S. 1936, 1739). 

The complete series of dicarboxylic acids is 
known. They can be made by converting an 
aminosulphonic acid into the corresponding 
cyanosulphonic acid and fusing the alkali salt 
with alkali fcrrocyanide or cyanide (Bradbrook 
and Linstead, Z.c.). The melting-points of 
methyl esters and dinitriles quoted below are 
from Bradbrook and Linstoad’s paper. 

(i) Naphthalene-1 :2-dicarboxylic Acid, 
m.p. 175°, can be obtained from sodium a- 
chloronaphthalene-2-8ulphonate, through the 
dinitrile. Sublimed in a vacuum at 180-200°, 
the anhydride, m.p. 160°, is formed (Waldmann 
and Weiss, J. pr. Chem. 1930, [ii], 127, 197 ; cf. 
Cook, J.C.S. 1932, 462). The methyl ester has 
m.p. 85°, dinitrile, m.j). 190°. 

(ii) Naphthalene-l:3-dicarboxylic Acid, 
m.p. 267-268° is obtained from a-naphthyl- 
amino-3- sulphonic acid (Bradbrook and Lin- 
stead, Z.C.). The dmitrila has m.p. 190°. 

(iii) Naphthalene-l:4-dicarboxylic Acid 
is made by the oxidation of l-methyl-4- 
naphlhoic acid with potassium permanganate 
(Mayer and Sieglitz, Ber. 1922, 55 [B], 1841), 
or by conversion of naphthalene- l:4-di8ulphonic 
acid into the dinitrile, followed by hydrolysis 
(Scholl and Neumann, ibid., p. 118). It melts 
at 309° {cf. 288°, given by Mayer and Sieglitz, 
Z.c.) and the chloride at 80° (Scholl and Neu- 
mann, Z.C.). The methyl ester has m.p. 67°, 
dinitrile, 208°. 

(iv) Naphthalene-l:6-dicarboxylic Acid, 
m.p. 300°, gives a chloride, m.p. 165-166° (I.G., 
B.P. 336800), methyl ester, m.p. 119°; dinitrile, 
m.p. 263°. 

(v) Naphthalene-l:6-dicarboxylic Acid is 
obtained by oxidation of l:6-dimethylnaphtha- 
lene, a product of the dehydrogenation of irone. 
It melts with decomposition at about 305° 
(Ruzicka and Rudolph, Helv. Chim. Acta, 1927, 
10, 916). Methyl ester, m.p. 98° ; dinitrile, m.p. 
211 °. 

(vi) Naphthalene-l:7-dicarboxylic Acid 
is produced when eudalene (l-mothyl-7-wo- 
propylnaphthalene) is oxidised by nitric acid. 
It is fairly soluble in alcohol or ether and melts 
at about 206° (Ruzicka and Stoll, ibid. 1922, 6, 
923). Methyl ester, m.p. 90°; dinitrile, m.p. 
167°. 

(vii) Naphthalene-l:8-dicarboxylic Acid 
{naphthalic acid) is obtained by the oxidation of 
acenaphthene with chromic acid (Behr and Van 
Dorp, Annalen, 1874, 172, 266; Anselm, Ber. 
1892, 25, 662) or in 95% yield by oxidising 
acenaphthenequinQn$ in caustic soda suspension 
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by excess of hydrogen peroxide (Whiston, 
J.S.C.I. 1924, 43, 370t). 

Idimlifiailion . — It crystallises from alcohol in 
needles, m.p. 270-271° (Lcuck, Perkins, and 
Whitmore, J. Amer. Chem. Soc. 1929, 51, 1831). 
The dichloride has m.p. 84-8(5° (Mason, J.C.S. 
1924, 125, 2116), the ethyl ester, m.p. 59-60° 
(Wisliceinis and Penndorf, Ber. 1912, 45, 410), 
methyl ester, m.p. 104°; diyillrilc, m.p. 232°. It 
readily forms an anhydride, m.p. 274°, and imide, 
m.p. 300° (Terisse, Annaleii, 1885, 227, 135). 

Reactions and Uses. — 3-Aminonaphthalic acid 
(Gesellsch., B.P. 246394), 4-amiTK)naphthaiic 
acid (I.G., B.P. 352139), and 4-aminonaphthal- 
imide (I.G., M.P. 304739; 309552) have been 
patented as dyestiitf intermediates. 

Naphthalic acid reacts with mercuric acetate 
to gi VO a nhydro - 8 - hydroxy mere ari - a - najthihoic 
acid (1), convertible l)y acid hydrolysis to a- 


X 

Hg bo 



r. 


naphthoic acid, and by bromine to H-bromo-a- 
naphthoic acid, an intermediate for the produc- 
tion of an thanthrone. 3- and 4-Nitronaphthalic 
acids by mercuration give mixtures of two 
isomeric nitro derivatives of (1) in each case 
(Ijouck, Pcirkins, and Whitmore, Lc. ; Davies, 
Heilhron, and Irving, J.(J.S. 1932, 2715). 

Najihthalic anhydride with o-})henylenediaminc 
and its substitution derivatives Ibrms na/ph- 
thoylenebenzirninazoks (jf type II (I.G., B.P. 
316143). By oxidation in the 4:5-poaitions these 



compounds, and the N -substituted naphthal- 
imidcs, form perylene derivatives whi(!h are an 
important class of vat dye (v. Anthraquinone 
Dyestuffs, Vol. I, p. 427). 

(viii) Naphthalene-2:3-dicarboxylic Acid is 
prepared from 3-amino-2-naphthoic acid through 
the 3-cyano derivative. It melts at about 236° 
(Waldmann, J. pr. Chem. 1930, [ii], 128, 150; 
I.G., B.P. 332122), and when sublimed is con- 
verted into the anhydride, m.p. 246° (Waldmann 
and Mathiowetz, Ber. 1931, 64 [B], 1716). The 
methyl ester has m.p. 47° ; nitrile, m.p. 251°. 

(ix) Naphthalene-2:6-dicarboxylic Acid 
is made from j8-naphthylamine-6-sulphonic acid 
(Brdnner acid) ; m.p. above 300° (Bradbrook 
and Linstead, he.). The methyl ester has m.p. 
186°; nitrile, m.p. 293°. 

(x) Naphthaiene-2:7-dicarboxyiic Acid. — 
2:7-I)icyanonaphthalene, m.p. 261°, prepared 
from dry sodium naphthalene*2:7-di8ulphonate, 
is converted into the dicarboxylic acid on 


hydrolysis. The tnethyl ester molts at 191°, the 
ethyl ester at 238°. On nitration, the acid gives 
rise to di- and tri-nitro-compounds, and on 
oxidation with permanganate furnishes tri- 
mellitic acid (Purgotti, A, 1926, 951). Brad- 
brook and Linstead give m.p. 135° for the methyl 
ester ; 267° for the dinitrile. 

Hydroxynapkthalenedicarboxyltc Acids. 

1- Naphthol-2:4-dicarboxylic Acid. — Its 
esters are made from l-hydroxy-2-naphthoic 
acid l)y interaction w'ith a carbon tetrahalide in 
presence of an aliphatic ahjohol and alkali. It 
decomposes at about 286° (Gesellsch., B.P. 
181009; 195513; G.P. 373736). 

2- Naphthol-3:6-di carboxylic Acid. — Its 
diarylides are used for making water-insoluble 
azo-dyes (Griesheim, F.P. (i()l687; B. 1927, 
212 ). 

Hydroxy naphthalic Acids. — Dziewohski 
and his co-workers have investigated several 
of the naphthol-l:8-di(‘arb(>xyIi(! ae.ids in the 
(iourse of work on acenaphthene. By sulphona- 
tion of ac^enaphthene, followed by oxidation and 
fusion with caustic potash at 250°, 2-hydroxy- 
naphthalic anihydride, m.p. 242°, was made (Bull. 
Acad. Polonaise, 1926, A, 209). 4-Chloro- 
naphthalic anhydride and 4-bromoTiaphthal- 
aminoirnide, on alkali fusion, give ‘.i-hydroxy- 
naphthalic anhydride, m.p. 280° {idem, ibid. 
1927, A, 65 ; 1928, A, 507). The 2-, 3-, and 4- 
sulphonaphthalic acids have been described 
{idem, ibid. 1928, A, 405), and the mode of 
coupling of the three c orresponding hydro xy- 
compounds investigated. 3- H ydroxynaplithalic 
acid couples normally in the 4-position, but 2- 
and 4-hydroxy-naphthalic acids ex(4iang(i the 
l-carboxyl group foivtho azo-group {idem, Ber. 
1924, 57TB], 1540). 

3- Hydroxynaphthalic avid is stated to give 
mordant dyes (Gesellsch., B.P. 226797; Kar- 
puschin and Ratnikova, Gkrain. Ghem. J. 1937, 
122 ). 

DuiYDROXYNATHTFlAUENEDTCAllBOXYLin 

Anns. 

3:4 - Dihydroxynaphthallc Acid, m.p. 
330°, is obtained from naphthalic acid by disul- 
phoiiation and fusion of the resulting 3:4-di8ul- 
phonaphthalic acid with caustic alkali (Dzie- 
wohski and others, Bull. Acad. Polonaise, 1928, 
A, 607). Its anhydride, m.p. 324°, forms 
coloured lakes with iron, chromium, and 
aluminium salts {ibid. 1931, A, 531). 

2:7 - Dihydroxynaphthalene - 3:6 - dicar- 
boxy lie Acid is obtained when the alkali salt 
of 2:7-dihydroxynaphthalene or its 3 -carboxylic 
acid is heated with carbon dioxide under 
pressure. Its pyridinimn. salt is sparingly 
soluble (I.G., B.P. 395365). 

1:5 - Dihydroxynaphthalene - 2:6 - dic?ir- 
boxylic Acid is probably the constitution of 
the product formed by heating 1:5 -dihydroxy- 
naphthalene with potassium bicarbonate at 
230°. It decomposes at 290°, is nearly insoluble 
in water and its alkali salts show a blue fluores- 
cence in aqueous solution (Hemmelmajrr, 
Monatsh. 1917, 88, 84; 1922, 48, 61; G.P, 
296036; 296601), 
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Naphthalenepolycarboxylto Acids. 

A napJitJmlenelricarhoxylic acid is obtained on 
oxidation of the terpene amyrin . It is character- 
ised by its methyl ester, m.p. 153-154°, and ethyl 
ester, m.p. 80-81° (Ruzicka, Huyser, Pfeiffer, 
and Seidel, Annalen, 1929, 471 , 21). 

Naphthalene- l:4:5:8-tetracarboxy lie Acid 
results from oxidation of the condensation pro- 
duct of acenaphthene with malonyl chloride 
(Hochst, B.P. 240859) and nuclear substitution 
derivatives arise from oxidation of the corre- 
sponding acenaphthalic acids (LG., B.P. 400009). 
A similar preparation can be carried out using 
succinic anhydride instead of malonyl chloride 
(I.G., B.P. 273321 ; 274103) or pyrenequinone 
can be oxidised with alkali hypochlorite (I.G., 
B.P. 449192) dr di, tri-, and tetra-halogeno- 
pyrencs can be heated with concentrated sul- 
phuric acid and the products oxidised (I.G., 
B.P. 421813). Its mono- and di-anhydrides can 
be used as sources of dyestuffs (I.G., B.P. 
364544). By condensation with aromatic o- 
diamines the dianhydride forms Tvaphthoyhne- 
benziminazoles some of which are important vat 
dyes {v. Ai^tiiraqtiinone Dyestuffs, Vol. 1, 
p. 427). 

QUINONES. 

Of the three possible homonuclear naphtha- 
quinones only the 1:2- and 1:4- are known. 
Derivatives of 2:3-naphthaquinone are said to 
have been prepared, but Eieser (J. Amer. Chem. 
Soc. 1930, 62, 5219) from a comparison of the 
oxidation-reduction potentials of 2:3- and 2:6- 
dihydroxynaphthalenes concludes that the 2:3- 
isomer cannot form a quinone {cf. Pries and 
Schimmelschmidt, Ber. 1932, 65 fB], 1502). 
Of the three possible heteronuclear naphtha- 
quinones only the 2:6 has been isolated. The 
so-called 1 :8-naphthaquinone of Meldola and 
Hughes (J.C.S. 1890, 57 , 632) was subsequently 
found to be a dinaphthaquinone (Liebermann 
and Schlossberg, Ber. 1899, 32, 540 ; cf. Meldola, 
ibid.., p. 868). 

Naphthaquinone derivatives occur in nature, 
to some extent, as plant colouring matters {see 
Macbeth, Price, and Winsor, J.C.S. 1935, 325; 
Price and Robinson, Nature, 1938, 147). Im- 
portant natural derivatives are the anti- 
hsemorrhagic vitamins {K group) {see K- 
ViTAMTN, Vol. VII, 87a). These are discussed 
under alkylnaphthalenes {see also H. R. Rosen- 
berg, “ Chemistry and Physiology of the 
Vitamins,” 1942, Interscience Publishers, Inc., 
New York). 

The naphthaquinones are coloured substances. 
Some of the azo-dyes obtained by coupling diazo- 
compounds with a- or )S-naphthol are identical 
with the phenylhydrazones of naphthaquinones. 
The naphthaquinones themselves are only im- 
portant for dyestuffs production when they or 
their derivatives can form coloured chelate com- 
pounds with metallic oxides ; such metal com- 
plexes can be formed, for example, by fj8-]naph- 
thaquinone-l -oxime, which is tautomeric with 
l-nitroso-/S-naphthol {cf. Kostanecki, Ber. 1887, 
20 , 3147). The iron “ lake ” of this compound 
is a technically important pigment. 

The constitution of such “ lakes ” has been 


discussed in papers by Tschugaeff (J. pr. Chom. 
1907, [ii], 11 , 76, 88); Werner (Bor. 1908, 41 , 
1062, 2383); Liebermann {ibid., p. 1436); 
Morgan (J. Soc. Dyers and Col. 1921, 37, 43). 
The constitution of the most important. Pig- 
ment Green B, the iron complex of 1 -nitroso-jS- 
naphthol, is still not clear. Morgan and Moss 
(J.C.S. 1922, 121 , 2857) remark that the iron 
lakes of quinoneoxime dyes are usually cited as 
ferrous compounds but that there is no evidence 
for this, and that green quinoneoxime-iron lakes 
can be produced either from ferric or ferrous 
salts, but in the latter instance lake formation 
is accompanied by oxidation. It is difficult to 
visualise that this can be the case with l*igmont 
Green B which is usually prepared by interaction 
of a ferrous salt with the bisulphite compound 
of nitroso-/8-naphthcd. Robinson (J. Soc. Dyers 
and Col. 1921, 37, 229) differentiates between 
two types of metal compounds of nitroso-j8- 
naphthol ; a basic type (green) in which 1 atom 
of ferric iron combines with 2 mol. of nitroso-)3- 
naphthol and a normal ferrous compound (green) 
in which 1 atom of ferrous iron combines with 

2 mol. of nitroHO-jS-naphthol. The method of 
making Pigment Green B as described in G.P. 
356973 (Badische), in wdiich a ferrous salt reacsts 
with the bisulphite compound of nitroso-jS- 
naphthol, specifically states that the usage of 
ferrous salt should be only 1 atom of iron to 

3 mol. of nitroso-jS-naphthol. There is insufficient 
published evidence to clarify the constitution 
completely but analysis of Pigment Green B 
shows it to contain approximately not only iron 
(1 atom) btit sodium (1 atom) to 3 mol. of nitrcjso- 
^-naphthol (private communication). 

(i) [^-]Naphthaquinone (\:2-Naphthaquin- 

07ie), 


O 

il 



is obtained by oxidation of l-amino-)S-naphthol 
by chromic acid or ferric chloride {see prepara- 
tion) or by oxidation of 2-amino-a-naphthol by 
nitrous acid (Grandmougin and Michel, Ber. 
1892, 26 , 3430). 

Preparation. — This is very fully described by 
Fieser in Organic Syntheses, Vol. XVII, p. 68. 
In brief, 80 g. l-amino-j8-naphthol hydro- 
chloride is dissolved in 3 litres of water con- 
taining 5 c.c. of concentrated hydrochloric acid. 
A solution of 240 g. FeCIgjSHgO in 500 c.c. 
water and 90 c.c. of concentrated hydrochloric 
acid is then added all at once with good agitation. 
The [j8-]naphthaquinone separates immediately 
in a voluminous microcrystalline form which is 
filtered and well washed and dried on filter paper 
at room temperature in absence of acid fumes. 
The yield is 60-61 g. (93-94% theory). The 
product for all practical purposes may be con- 
sidered pure. 

IdknUfication. — As prepared above it consists 
of microcrystallino, pure golden -yellow needles, 
m.p. 145-147° (deoomp.). If crystallised from 
alcohol it may be obtained as orange-red needles 
but the decomposition point is lowered by 10 20** 
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(Fieser, he . ; cf. Liebermann and Jacobson, 
Annalen, 1882, 211, 49). [j8-]Naphthaqiiinone 
differs from the [a-Jisomer in being odourless 
and non-volatile in steam. It dissolves in dilute 
alkalis giving yellow solutions which rapidly 
oxidise with air. The crystal structure has 
been determined by X-ray examination by 
Caspar! (Proc. Hoy. Soc. 1932, A, 136, 82). 

Reactions . — By sulphurous or hydriodic acid 
it is reduced to 1 :2-dihydroxynaphthalene but 
with stannous chloride to ^-dinaphthaquinol 
(Stenhouso and Groves, J.C.S. 1878, 33, 415). 
Oxidation Avith ferric cldoride gives mainly 3- 
hydroxy - 2:2' - dinaphthyl - 1:4:3':4' - diquinone 
(Hooker and Fieser, J. Amer. Chem. 8oc. 1936, 
58 [BJ, 1216) which is the so-called dv'-jS- 
'naphthaquinone oxide of Wichelhaus (Ber. 1897, 
30, 2199), With nitric acid it gives first 3- 
niiro-\^-\naphthaquinone (Zaertling, ibid. 1890, 
23, 175) and finally phtfuilic acid (Sttmhouse and 
Groves, /.c.), but with permanganate or di- 
(‘hrornate only phthalic acid is obtained (Boswell, 
J. Physical Chem. 1907, 11, 119). Oxidation 
with peracetic acid gives a-carhoxynWocinnamic 
acid (Boeseken and 81oof, Rec. trav. chim. 1930, 
49, 91). Chlorinated in acetic acid it gives 3- 
chloro- and '‘^A-dichloro derivatives (Zincke, Ber. 
1886, 19, 2497). With phenylhydrazine it gives 
the 2-hydrazone, m.p. 138° (red needles), isomeric 
with bcvzeneazo-^-naphthol (Bamberger ibid. 
1897, 30, 514) and with hydroxylamine the 
monoxime, identic^al with "l-nitroso-a-naphthol 
(Goldschmidt, ibid. 1884, 17, 215). It reacts 
with hydrazoic acid to give 4‘amino-\^-]naph- 
thaquinone (Fieser and Hartwell, J. Amer. Chem. 
Soc. 1935, 57, 1482). With aniline it yields 2- 
hydroxy’\a-\naphthaqui7ioneA-anil convertible to 
2-anilino-Ya-]naphthaqumone (Liebermann and 
Jacobson, l.c.; Zincke, Ber. 1881, 14, 1494). 
With l:2:4-triaminobenzene it gives Z^amino- 
naphthophenazine (Kehrmann and Mermod, 
Helv. Chim. Acta, 1927, 10, 62). With acetic 
anhydride and sulphuric acid or zinc chloride 
or phosphoric acid the triacetate of 1:2:4- 
trihydroxynaphthahne is formed. With strong 
sodium bisulphite solution l:2~dihydroxynaph’ 
thaleneA-sulphonic acid is obtained and with 
thiosulphate and acetic acid \\2-dihydroxy- 
naphtfmleneA-thiosulphonic acid (Bayer, G.P. 
71314; B.P. 825, 1893). With sulphuric acid 
it gives a black dyestuff for mordanted wool 
(Heyden, G.P. 113336; B.P. 3265, 1900); it 
may also be converted into vat dyestuffs (Kalle, 
G.P. 286151). 

(ii) [a-JNaphthaquInone {\A~ Naphtha- 
quinone)^ 


O 



O 


is obtained by oxidation of naphthalene with 
ohromic acid in acetic acid (Groves, J.C.S. 1873, 
26^ 209) or by oxidation of l:4-diaminonaphtha- 
lene with nitrous acid (Grandmougin and Michel, 
Ber. .1892, 25, 977) or by oxidation of a-naphthyl- 


amine or its 4-8ulphonic acid with chromic acid 
(Monnet, Heverdin, and Noelting, ibid. 1879, 
12, 2306). 

Preparation . — A convenient method of pre- 
paration from l:4-aminonaphthol hydrochloride 
is fully described by Fieser in Organic Syntheses, 
Vol. XVI 1, p. 69. In brief, 70 g. 4-amino-a- 
naphthol hydrochloride is dissolved in 2,100 c.c. 
water at 30°, 100 c.c. of concentrated sulphuric 
acid added, and the mixture heated to boiling to 
dissolve the precipitated sulphate. The hot 
solution is 61t(Ted, tlu' filtrate delivering directly 
into a cold filtered solution of 70 g. potassium 
dichromate in 1 litre of water. The [a-jnaphtha- 
quinone separates as fine yellow needles which 
are hltered, washed, and drit'd at 30-40°. The 
crude product melts at 124-125° and can be 
recrystallised from ether. The yield is 44-46 g. 
(78-81% theory) and the melting-point of the 
purified product 124-125". It may also be 
purihed by sublimation in sti*am under reduced 
pressure {idem, ibid., V"oI. V, }>. 79). 

Identification . — It crystallises in yellow 
needles, m.p. 125°, begins to sublime below 
100°, and is readily volatile in steam. It has the 
same characteristic odour as p-benzoquinone, is 
readily soluble in most organic; solvents but only 
sparingly soluble in water or light petroleum. 
W. A. Caspar! (Proc. Royal Soc. 1932, A, 136, 
82) has made an X-ray examination of its 
crystal structure. 

Reactions . — It is not reduced in the cold by 
sulphurous acid, but with tin and hydrochloric 
acid, or hydriodic acid and phosphorus is 
reduced to lA-dihydroxynxiphthalene. Partial 
reduction leads to naphthaqainhydrone. In 
caustic soda solution atmospheric oxidation 
gives 2-hydroxy -{a-^naphthaquinone, but with 
nitric acid or permanganate, phthalic acid is 
formed (Liebermann and Dittler, Annalen, 
1876, 183, 243; Japp and Miller, J.C.S. 1881, 
39, 220). In acetic acid solution chlorine gives 
the dichloride, m.p. 176°, anil bromine the 
dibromide, m.p. 92° (Zincke and Schmidt, Ber. 
1894, 27, 2757). 

[a-]Naphthaqiiinone undergoes condensation 
reactions in which 3 mol. participate to form 
derivatives of trinaphthobenzene. When heated 
under pressure with water at 1 20-1 30° (Badische, 
G.P. 350738) it is converted into [a-fimphthxi- 
quinol and a complex yellow substance, reducible 
by hydrosulphite, which has been identified as 
triphthaloylbenzene (I) (Pummerer, Liittringhaus 
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et aL, Her. 19H8, 71 [B], 2669). By condensa- 
tion in sulphuric and acetic acids [a-]naphtha- 
quinone gives a mixture of the bis-anhydro- 
compound of the corresponding naphthaquinol 
(II) {diacetatCy m.p. 340-343°), and the tri- 
anhydro-compound, trinaphthobevzene-trioxidey 



subliming at 300-330°/high vac. (Erdtinann, 
Proc. Roy. Soc. 1933, A, 143, 240). The last 
compound is also formed by the action of 
aluminium chloride on |a-]naphthaquinono in 
nitrobenzene at .50°, in high yield. It is in- 
soluble in organic solvents, and gives a green 
solution in 20% oleum, turning violet on the 
water-bath (Marschalk, Bull. Soc. chim. 1938, 
[v], 6, 304). 

With phenylhydrazine, [a-]naphthaquinone 
yields the hydrazone, identical with benzmeazo- 
a-naphlhol (Zincke and Bindcwald, Ber. 1884, 
17, 3026) ; the latter boiled with 10% acctit; 
acid gives the isomeric 2-anili7io-[a-]najMha- 
quinone (I.G., G.P, 470760) which is also formed 
by direct action of aniline on [a-]naphthaquinone 
in alcoholic solution. With hydroxylamine the 
monoxime is obtained identical with 4-7iitro80-a- 
naphthol (Goldschmidt and Schmid, Ber. 1884, 
17, 2064). It reacts with hydrazoic acid to give 
2-amino-[a-]naphthaquinone (Fieser and Hart- 
well, J. Amer. Chom. Soc. 193.5, 57, 1482). 
With pyridine hydro bromide it reacts to form 
1 ‘A-dihydroxy7iaphthalev e - 3 -pyridmium bromide 
(Barnett, Cook, and Hriscol], J.G.S. 1923, 123, 
603). Unsaturated hydrocarbons such as buta- 
diene or isoprene react with [a-]naphthaquinone 
or its derivatives to give anthraquinone deriva- 
tives (Diels and Alder, Annalen, 1928, 460, 98; 
I.G., B.P. 320376 ; Fieser and Dunn, J. Amer. 
Chem. Soc. 1937, 69, 1016). Its use in prepara- 
tion of vat dyestuffs is described in G.P. 267414 
and 267415 (CasseUa), G.P, 286161 (Kalle), 
G.P. 398878 (CasseUa). 

Chloro Derivatives. — Several of the chloro 
derivatives of fa-]naphthaquiiione have been 
prepared by oxidation of chloro derivatives of 
naphthalene or naphthols. Thus, 2‘Chloro- 
\a-]naphthaquinone is obtained by chromic acid 
oxidation of l:3-dichloronaphthalene (Cleve, 
Ber. 1890, 28, 966) or of 2:4-dichloro-a-naphthol 
(Zincke, ibid. 1888, 21, 1036) ; 2:6-dichioro- 
[a-]naphthaquinone (m.p, 148-149®) by chromic 
acid oxidation of 2;6-dichloronaphthalene (Claus 


and MtiUer, ibid. 1886, 18, 3075); 5:Q-dichloro^ 
[a-]naphthaquinone (m.p. 181°), by chromic acid 
oxidation of l:2-dichloronaphthaleno (Hell- 
strom, ibid. 1888, 21, 3260) ; 5:S‘dichloro- 
[a-]naphthaqumon€ by oxidation of l:4-dichloro- 
riaphthalene (Guareschi, ibid. 1886, 19, 1165). 
^-Chloro-\a-]naphthaqumo7ie has been prepared 
from ^-chlorobutadiene and benzoquinone (Du 
Pont, U.S.P. 1967862). H exarMoro-[a']naph- 
t}uiqin7W7ie (m.p. 222-222-.5°) is obtained from 
octachloronaphthalene by oxidation with nitric 
acid (Schvemberger and Gordon, A, 1934, 1367). 

The most important I'hloro derivative is 
2:3 - dichloro - 'la-'\napht}iaquinone, golden-yellow 
needles, m.p. 196°. It was first prepared by 
nitric acid oxidation of naphthalene tetra- 
chloride, rn.p. 182° (Rclbig, Ber. 1895, 28, 505) 
but is most easily prepared from a-naphthol by 
sulphonation followed by oxidation with chlorate 
and hydrochloric acid and the crude product 
chlorinated in hot acetic acid solution (Ullmann 
and Ettisch, ibid. 1921, 54 [B], 259). It may 
bo conveniently prepared also by chlorinating 
4-amino-a-naphthol hydrochloride in acetic acid 
solution (Zincke and Cooksey, Annalen, 1889, 
255, 372) or by the action of tbionyl chloride 
on 1 :4-dihydro\y-3-naphthylpyridinium chloride 
(Koenigs and Greiner, Ber. 1931, 64 [B], 1045). 
it is also obtained by action of hydrogen chloride 
in ether on 4-nitroso-a-naphthol (Angclctti and 
Pirona, A, 1939, 11, 58). it i.s insoluble in 
water, soluble in hot alcohol but sparingly 
so in cold. With boiling aqueous caustic soda 
it gives \^-chloro-2-hydroxy-[ a-]tu]phthaquinori>e 
(Graebe, Annalen, 1869, 149, 3), and with 
aniline li-chloro-2-anili7io-[ a-'jimphthaqmnoney the 
second chlorine group being non-reactive 
(Schultz, ibid. 1881, 210, 189). If, however, the 
2-anilino-group is acetylatod, the 3 -chloro -group 
becomes mobile and can be replaced readily by 
aminos (Fries and Billig, Ber. 1925, 58 [BJ, 
1128) giving derivatives of 2:3-diamino-[a-]naph- 
thaejuinone, or by mercaptyl groups to give 
products useful as dye components (Hochst, 
G.P. 386998). 2:3-Dicliloro-[a-]naphthaquinone 
reacts with oxythionaphthen to give vat dye- 
stuffs (Kalle, G.P. 197037). 

(iii) 2:6-Naphthaquinone, obtained by oxi- 
dation of 2:6-dihydroxynaphthalene with lead 
peroxide, forms reddish -yellow prisms and is 
odourless and non-volatile. Unlike [)3-]naph- 
thaquinone, it is an oxidising agent comparable 
with p- benzoquinone (Willsttltter and Parnas, 
Ber. 1907,40, 1411, 3971). 

Hydroxynaphthaquinones. 

(i) 2-Hydroxy-[a-]naphthaquinone can be 
obtained by acid or alkaline hydrolysis of 2- 
amino-[a-]naphthaquinone (Graebe and Ludwig, 
Annalen, 1870, IM, 321 ; Diehl and Merz, 
Ber. 1878, 11, 1316) or by acid hydrolysis of 2- 
anilino-[a-]naphthaqumone (Baltzer, ibid. 1881, 
14, 1900). It is produced by air oxidation of 
an alkaline solution of [)S-]naphthaquinone-4- 
sulphonate (Kowalski, ibid. 1892, 26, 1659). 
It is also obtained by dissolving [)S-]naphtha- 
quinone-4-8ulphonic acid in sul|£urio acid and 
finally pouring on to ice (Aktienges., B.P. 26676, 

1 1897), but according to* Fieser (J. Amer. Cbem. 
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Soo. 1926, 48 , 2922) the resulting product is a 
mixture of 2-hydroxy-[a-]naphthaquinone and 
4-hydroxy-[j3-]naphthaquinone. According to 
Fieser and fcrtin (Organic Syntheses, Vol. XXI, 
p. 66) the most convenient method of prepara- 
tion is to oxidise l-amino-2-naphthol-4-8ulphonic 
acid to [j8-]naphthaquinone-4-sulphonio acid 
which by reaction with sulphuric acid in methyl 
alcohol gives the methyl ether of 2-hydroxy- 
fa-]naphthaquinone, easily hydrolysed with 
boiling dilute caustic soda to 2-hydroxy-[a-j 
naphthaquinone, the overall yield being 46%. 
The product so obtained is in bright yellow 
granular form and I'or most purposes is 
sufficiently pure (rn.p. 188-189°). 

Identifimtion. — It (Tystallises from alcohol or 
sublimes in yellow needles, m.p. 191-192°, 
dissolves only sparingly in boiling water, de- 
composes carbonate, and dyes wool or silk 
yellow. The acetate, yellow scales, has m.p. 130* 
(Thiele and Winter, Annalen, 1900, 311. 347). 

Reactions.— It couples witli diazo-compounds 
in acetic acid solution to give azo-dyes, the azo- 
group entering the 3 -position (Kohrmaiiii and 
Goldenberg, Ber. 1897, 30, 212(3), but in an 
alkaline medium nitrogen is eliminated to give 
a ‘li-ari/l-2-hydroxy-[a-]7iaphthaqumo7ic (Neun- 
hoelfer'and Weise, ibid. 1938, 71 [B], 2703). 
Reduction with tin and hydrochloric acid gives 
1 '.2:4 -trihydroxy naphthalene. With o-phenylcnc- 
diainine it behaves as if it were 4-hydroxy- 
j^-Jnaphthaquinone, giving an azine (Kehr- 
man, ibid. 1890, 23, 2463 ; cf. Miller, J.C.S. 1911, 
100, i, 466). In this connection it may be noted 
that [a-] and f/9-]naphthaqui nones differ in 
absorption spectra only when substituent 
hydroxyl groups are absent (Beck, Macbeth, 
and Winzor, A. 1936, 347). 

3 - Nitro - 2 - hydroxy - [a-]na'phthaquinone is 
formed by nitrating [j3-]naphthaquinone-4-8ul- 
phonic acid or l-amino-2*iiaphthol-4-sulphonic 
acid in sulphqric acid below 60° (Aktienges., 
B.P. 26676, 1897). It is a crystalline product] 
giving a yellow azo-dyo with phenylhydrazine- 
sulphonic acid (Aktienges., G.P. 102071 ; B.P. 
676, 1898). 

2 - Hydroxy - [a-ytaphthaquinone - 3 - sul phonic 
acid is formed by sulphonating 2-hydroxy- 
[a-]naphthaquinone with 26% oleum at 20° 
(Aktienges., G.P. 99769; B.P. 26675, 1897) and 
gives azo-dyes for wool by interaction with 
phenylhydrazinesulphoiiic acid (Aktienges., G.P. 
101918; B.P. 676, 1898) or with the hydrazine 
from l-amino-8-naphthol-3:6-disulphonie acid 
(Aktienges., G.P. 102070; B.P. 676, 1898). 

2 - Hydroxy - [a-]naphthaquinone - 6 - sulphonic 
axiid is obtained by maintaining a mixture of 
(j8-]naphthaquinone-4:6-di8ulphonic acid and 
sulphuric acid at 20° for several hours 
(Aktienges., G.P. 100703; B.P. 26675, 1897) 
or by oxidation of l:2-dihydroxynaphthalene-6- 
sulphonic acid in caustic soda by hydrogen 
peroxide (Teichner and Weil, Ber. 1905, 88, 
3376). 

2 - Hydroxy - [a^yiaphthaquinone - 7 - sulphonic 
acid (Gaess, ibid. 1899, 32, 237) forms an azine 
with o-phenylenediamine, reacting as if it were 

(ii) 6-Hydroxy-[a-]naphthaquinone (jwg- 
lone i regiemin ; nucin) occurs in the green part 


of walnut shells (Brissemoret and Combes, 
Compt. rend. 1906, 141, 838; Combes, Bull. 
Soc. <ffiim. 1907, [iv], 1, 803), but in nuts not 
freshly gathered is replaced wholly or partly by 
hydrojuglone (Mylius, Ber. 1885, 18, 2567). It 
may be prepared by oxidation of l:4:5-tri- 
hydroxynaphthalcne (hydrojuglone; with ferric 
chloride (Mylius, l.c.), or chromic acid (Bernthsen 
and Semper, ibid. 1885, 18, 204) or by oxidation 
of l:6-dihydroxynaphthalcne with chromic acid 
mixture {idem, ibid. 1887, 20, 939; Willst&tter 
and Wheeler, ibid. 1914, 47, 2798) or by oxida- 
tion of 4:8-diamino-a-naphthol with ferric 
chloride (FricdJaiider and Silberstern, Monatsh. 
1902, 23, 617). It is interesting to note that the 
chroming of Diamond Black PV (o-amino- 
phenolsulphonic acid — 1 :5-dihydroxynaphtha- 
Icnc) gives the chromium lake of the correspond- 
ing juglonc derivative {v. Vol. IV, 211c). 

l(le7ilijicatio7i and Reactions . — It crystallises 
in yellowish-red or brown needles, m.p. 151- 
154°, almost insoluble in water, and its aqueous 
solution, like walnut juice, stains the skin 
yellow. Chlorination in acetic acid gives 2:3- 
dichlorojuglonc, orange needles, m.p. 149°, in 
which the 2-chlorine atom is easily replaced by 
the hydroxyl or arylamino group (Wheeler, 
Dawson, and M(dilwon, J. Amer. Chem. Soe. 
1923, 45, 1970). The tribromo derivative dyes 
silk and wool (Wheeler and Scott, ibid. 1919, 41, 
836). 

(iii) 6-Hydroxy-[/8-)naphthaquinone, m.p. 
165° (decomp.), is obtained by oxidising l-arnino- 
2:6-dihydroxynaphthaleno with ferric chloride 
(Kehrmann, Ber. 1907, 40, 1902). 

Its 4-sulphonic acid is obtained by interaction 
of ]-nitroso-2:6-dihydroxynaphthalene with bi- 
siilphito and oxidation of tho resulting product 
(Bayer, G.P. 87900; B.P. 6035, 1893). 

(iv) 7-Hydroxy-[/3-Jnaphthaquinone, m.p. 
194°, is obtained by oxidising l-amiiio-2:7- 
dihydroxynaphthalene (Clausius, Ber. 1890, 
23, 622; Nietski and Knapp, ibid. 1897, 30, 
1123). 

Its 4-8ulphonio acid is obtained in brown 
needles by oxidising l-amino-2:7-dihydroxy- 
naphthalene-4-8ulphonic acid with nitrous acid 
(Bdniger, ibid. 1894, 27, 3051 ; Bayer, G.P. 
87900; B.P. 6036, 1893). 

(v) 8-Hydroxy-[/3-Jnaphthaquinone knot 
known, but its O-sulphonic acid is obtained by 
oxidation of 8-hydroxy- l:2-diaminonaphthalene- 
6-8ulphonic acid (Bayer, l.c.). 

(vi) 2:3- Dihydroxy - [a-Jnaphthaquinone 
{isoruiphthazarin) is formed when 3-amino-2- 
hydroxy-(a-]naphthaquinone is heated with 
dilute hydrochloric acid at 180° (Diehl and Merz, 
Ber. 1878, 11, 1322); from l:4-diamino-2;3- 
dihydroxynaphthalene with ferric chloride (Fried- 
Itlnder and Silberstern, Monatsh. 1902, 23, 626) ; 
from [j8-]naphthaquinone by oxidation with 
hypochlorous acid (Zincke and Ossenbeck, 
Annalen, 1899, 307, 11; cf. Bamberger, Ber. 
1892, 25, 134, 891 ; Zincke and Scharfenberg, 
ibid., p. 409). 

Identification . — It crystallises in red needles, 
m.p. 280°, and dissolves with a blue colour in 
caustic alkali, oxidking with air to colourless 
o-carboxyphenylglyoxylic acid. It k reduced to 
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either \:2\Z4nhydroxy~ or \\2'.^'A-tetrahydroxy- 
fiaphthahnef dependent on the vigour of reduc- 
tion. Its diacetate forms colourless needles, 
m.p. 106° (Zincke and Ossenbeck, Z.c.). 

(vii) 6:6- Dihydroxy-[a-]naphthaquinone 
(orthonaphtkazarin). Naphthazarin was 

once thought to have this constitution. 6:6- 
l)ihydroxy-[a-]naphthaquinone was first syn- 
thesised by Dimroth and Koos (Annalen, 1927, 
456 , 177) as part of their investigation into the 
constitution of naphthazarin. It was formed by 
nitration and reduction of 6-hydroxy-fa-]naph- 
thaquinone to give 6-amino-6-hydroxy-a-naph- 
thaquinono which by feme chloride oxidation 
gave or^Aonaphthazarin. Although similar in 
appearance to naphthazarin, it has inferior 
dyeing properties. 

(viii) 6:8- Dihydroxy-[a-]naphthaqulnone 
{Naphthazarin) vas first prepared by Ivoussin 
(Compt. rend. 1861, 52 , 1033, 1177) by heating 
1 :5-dinitronaphthalene with zinc and sulphuric 
acid at 200°. For many y(‘ars its constitution 
was believed to be 6:6-dihydroxy-[a-]naphtha- 
quinone, but the work of Dimroth and Ruck 
(Annalen, 1926, 446 , 123), supported later by the 
evidence of Pfeiffer (Ber. 1927, 60 [B], 111) 
and Zahn and Ochwat (Annalen, 1928, 462 , 81), 
showed that naphthazarin is 6: 8- dihydroxy - 
[a-]naphtha(iuinone. The proof of constitution 
depends on the fact that it forms only a mono- 
borate and does not give an azine with o- 
phenylenediamine. 

Preparation . — The following piocess, described 
by Fierz-David and 8tockar (Helv. Chim. Acta, 
1943, 26 , 92), is claimed to give a 69% yield ; it 
is a modification of that of Bayer (G.P. 71386). 
1 :6- Dinitronaphthalene (20 g.) is dissolved in 
400 g. of monohydrate and a solution of 7 g. 
of sulphur in 120 g. of 66% anhydrosulphuric 
acid added with cooling, the temperature being 
kept below 40°. After stirring for 30 minutes, 
the mixture is poured on to 600 g. of ice, filtered, 
and the filtrate boiled. The filtered, washed, 
and dried naphthazarin can be sublimed at 
170-180° in a vacuum. 

Other patents have described the preparation 
in which hydrogen sulphide or sulphur chloride 
is used instead of sulphur (Bayer, G.P. 77330 ; 
B.P. 17673, 1892) ; it has also been stated that 
naphthazarin can be prepared from l:8-diiiitro- 
naphthalene (Badische, G.P. 76922 ; 79406 ; B.P. 
3828, 1894). Fierz-David and Stockar (^.c.)» 
however, obtained no trace of naphthazarin from 
the l:8-isomer by their method, but a smaller 
amount was formed when aniline was added to 
the mixture. 

Properties . — Naphthazarin sublimes in brown 
needles with green lustre, is sparingly soluble in 
water but soluble in alkali giving a cornflower- 
blue solution and in sulphuric acid giving a 
magenta solution. It reacts with phenyl- 
hydrazine to give a benzeneazo derivative of tri- 
hydroxynaphthalene (Charrier and Tocco, 
Gazzetta, 1923, 53, 431). It is a mordant dye- 
stuff giving violet-black lakes on chrome mor- 
dant, and is more important as the solubilised 
derivative (Alizarin Black S) obtained by 
reaction with sodium bisulphite (Badische, G.P. 
41518; B.P. 7836, 1887). Reaction with 

sodium bisulphite at 100° followed by oxidation 


of the resulting leuco-compound gives naphth- 
azarinsulphonic acid (Hbchst, G.P. 116866). The 
diacetate of naphthazarin has m.p. 189° (Zincke 
and Schmidt, Annalen, 1896, 286 , 36). 

Condensation of naphthazarin with salts of 
aromatic amines or their sulphonic acids in 
presence of boric acid gives black dyestuffs 
(Badische, B.P. 21297, 1897; 2468, 1904; c/. 
Fierz-David and Stockar, l.c.). 

The naphthazarin melt contains a “naphthaz- 
arin intermediate product,” the blue solution of 
which in water, when boiled, gives najfiithazarin. 
It can be isolated by a number of methods 
(Hoehst, G.P. 111683; B.P. 16296, 1899; 
Badische, G.P. 108661-2; 101372; B.P. 15709, 
1898; cf. Bayer, G.P. 104282; 106567). This 
intermediate product has been widely investi- 
gated by dyestuff’ firms as a source of dyestuff’s. 

(ix) 6:7- Dibydroxy - [a-]naphthaquinone 
formed by ferric chloride oxidation of 5-amino- 
2:3:8-trihydroxynaphthalone has only feeble 
dyeing properties. Its diacefate forms yellow 
needles, m.p. 65-67° (Friedlander and Silbor- 
stern, Moiiatsh. 1902, 23, 532). 

(x) 5:6:8-Trihydroxy-[a-]naphthaquinone 
{7iaphthapurpurin) is obtained by boiling naphth- 
azarin with an equal weight of caustic soda in 1% 
solution until the colour changes to magenta 
(Badische, G.P. 167641; B.P. 9547, 1905) or 
with manganese dioxide and dilute sulphuric 
acid (Jaubert, (.k)mpt. rend. 1899, 129, 684). It 
forms reddish -browui needles, easily soluble in 
solvents, dyes w ool orange-red chroming to black 
(Badische, /.f:.),and wheji condensed with amines 
and sulphonated gives dyestuff’s for chromed 
wool (Bayer, G.P. 127766). 

NArilTllAQUINONESULPHOJ^lC AoiDS. 

(i) f)S-]Naphthaquinone-4-sulphonic Acid 
is obtained by oxidation of 2-amino- 1-naphthol- 
4-sul phonic acid (Witt and Kaufmann, Ber. 
1891, 24 , 3163) or l-amino-2-naphthol-4-8ul- 
phonic acid with nitric acid. The latter method 
is fully described by Martin and Fieser (Organic 
t^ynthescs, Vol. XXI, p. 91). In brief, 300 g. of 
pure anhydrous l-amino-2-naphthol-4-sulphonic 
acid is added in portions to a mixture of 145 c.c. 
nitric acid (p 1-42) and 400 c.c. water at 25-30°. 
The finished thick reaction mass is diluted with 
175 c.c. saturated ammonium chloride solution, 
the mixture cooled to 0° and the ammonium salt 
of (^-]naphthaquinone-4-8ulphonic acid filtered, 
washed with ammonium chloride solution and 
finally with alcohol and ether, and dried at 
35-40°. The yield is 94 -98% and the product 
pure enough for most purposes. It may be 
purified by conversion to the potassium salt. 

Reactions . — On nitration it yields 3-mVro-2- 
hydroxy-[a-]naphthaquinone and with sulphuric 
acid at 26° a mixture of 2‘hydroxy-[a‘]napJUha- 
quinone and 4 - hydroxy - {P-']naphi}iaqui7U>ne 
(Fieser, J. Amer. Chem. Soc. 1926, 48 , 2922). 
Reduction by sulphurous acid gives l;2-di- 
hydroxynaphthalensA-sulphonic acid. Conden- 
sation with aromatic nitroso- compounds in 
presence of thiosulphate gives thiazines with 
elimination of the sulphonic group (Bayer, 
G.P. 83046) ; with aminonaphtholsulphonic 
acids followed by oxidation it gives oxazines 
(Dahl, G.P. 82740; B.P. 6163, 1895). 
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Ij9-]Naphthaquinone-6-, 7-, and 8-mono- and 
4:6-, 4:7-, and 4:8-di-sulphonio acids have been 
obtained by oxidising the corresponding amino- 
j3-naphtholsulphonic acids and used in the 
preparation of thiazine dyestuffs (Bayer. G.P. 
84233; B.P. 4757, 1893 ; Saiidoz, G.P. 116765). 

(ii) [a-]Naphthaquinone-2-sulphonic Acid 
is obtained by nitric acid oxidation of 4-amino-l- 
naphtliol-2-sulphonic acid (Conrad and Fischer, 
Annalen, 1893, 273, 115) and by the action of 
potassium bisulphite on [a-]naphthaquinone 
followed by oxidation with dichromate (Fieser | 
and Fieser, J. Amer. Chem. Soc. 1935, 57, 494). 
It has been used in the preparation of vat dye- 
stuffs (Kalle, G.P. 286151). 

Naphthaquinoneoximes. 

Of the three naphthaquinoneoximes the only 
technically important one is [jS-]naphthaquinone- 
1 -oxime (nitroso - [/3-]naphthol ) . 

(i) 2- Nitroso - a - naphthol {[^-JnapUha- 
quinone-2-oxime), 

O 

!! 

.c 

is obtained from [)5-]naphthaquinone and 
hydroxylamine hydrochloride (Goldschmidt, 
Ber. 1884, 17, 215) ; or from 1 -hydroxy- fi- 
naphthoic acid by action of nitrous acid 
(Reverdin and de la Harpe, tdtd. 1893, 26, 
1280) ; or mixed with the 4-oxime by action 
of nitrous acid on a-naphthol (Henriques and 
lliiiski, ibid. 1885, 18, 706). It is also a product 
of the reaction of methyl alcoholic potash with 
)3-nitronaphthaleno. It crystallises in yellow 
needles, m.p. 152°, soluble in hot water and 
most solvents, forms green potassium and 
ammonium salts and grecnish-ycUow methyl 
and ethyl ethers (Fuchs, ibid. 1875, 8, 626). 

Reactions. — With concentrated nitric acid in 
acetic acid solution it produces 2A-dinitro-a- 
naphthol ; potassium ferricyanide oxidises it to 
2-nitro-a-naphtJiol. With sodium bisulphite it 
yields 2 - amino - 1 - naphthol - 4 - sulphonic acid. 
When boiled with aniline and acetic acid it gives 
2-anilino-[a-]'naphthaquinoneanil as do 4-nitro8o- 
a-napthol and l-nitroso-/3-naphthol (Bromme, 
ibid. 1888, 21, 393). Like nitroso-)3-naphthol, 
with hydroxylamine it gives [p-]napht?iaquinone- 
dioxime (Goldschmidt and Schmid, ibid. 1884, 
17, 2066), yields metallic salts (Ilinsky, ibid. 
1884, 17, 2589), and is a mordant dye known as 
Gambine-R (c/. Aktienges., G.P. 66786). 

2-Nitro80-a-naphthol-4-8ulphonic acid gives a 
Naphthol Green with ferric chloride (Gans & Co., 
G.P. 28065 ; B.P. 2269, 1884 ; Hoffmann, Ber. 
188^, 18, 46). 

(ii) 4 - Nitroso - a - naphthol {[a-]napktha‘ 
quinone-ii-oxime) is formed when {a-\naphtha- 
quinone interacts with hydroxylamine hydro- 
chloride (Goldschmidt and Schmid, ibid. 1884, 
17, 2064 ) ; or, mixed with QS-Jnaphthaquinone- 
2-oxime, by the action of nitrous acid on a- 
naphthol. The latter reaction is carried oqt in 
alcohol using zinc chloride and sodium nitrite 
and gives from 100 g. a-naphthol, 40 g. of 
VoL. VIII.— 26 


[a-]naphthaquinone-4-oxime and 50 g. oi 
fj8-]naphthaquinone-2-oxime (Henriques and 
Ilinski, ibid. 1886, 18, 706). It crystallises in 
needles, m.p. 190° (Friedlftnder and Reinhardt, 
ibid. 1894, 27, 240), dissolves easily in alcohol or 
ether, gives a methyl ether, m.p. 98-100° (Ilinski, 
ibid. 1884, 17, 2690), and has no tinctorial 
power (Kostanecki, ibid. 1887, 20, 3147). 

Reactions. — With concentrated nitric acid it 
gives 2A-diniiro-a-n<iphthol ; with potassium 
ferricyanide, l-nitro-d-naphthol. Reduction with 
stannous chloride converts it into 4-amino- a- 
n-aphihol. Heated with aniline and acetic acid 
it gives 2-anilmo-la-]nuphthaquinoneanil as do 
2-nitroso-a-naphthol and l-vitroso-p-naphthol 
(Bromme, ibid. 1888, 21, 393). With hydrogen 
chloride in ether it gives 2:ii-dichlorO‘[a-]naph- 
thaquinone (Angeletti and Pirona, A. 1939, 1 1, 58). 

The 2-8ulphonic acid is converted to 2:4-dinitro- 
a-naj)hthol by nitric acid (Conrad and Fischer, 
Annalen, 1893,273, 110). 

The 2:5-disulphonic acid, formed by action of 
concentrated caustic soda solution on a-nitro- 
naphthalone-3:8-di8ulphonic acid, forms a yel- 
low potassium salt, KgA-fl-^HgO, and a green 
basic potassium salt. Reduction gives 4-amino- 
1 -naphthol‘2:5-di8ulphonic acid (Friedlander, Ber. 
1895, 28, 1535). 

Nitro Derivatives . — 5-Nitro-4-nitroso-a-naph- 
thol (6-nitro-[a-]naphthaquinone-4-oxime) pro- 
duced by heating l:8-dinitronaphthalene with 
12-23% anhydro-acid at 40-50°, crystallises in 
yellow needles, soluble in alkali to give a yellow 
solution becoming red when heated with zinc 
dust (Badische, G.P. 90414; B.P. 14955, 1896; 
Graebe, ibid. 1899, 32, 2877 ; Friedlander, ibid., 
p. 3628 ; Friedlander and Scherzer, cf. J.S.C.I. 
1900, 19, 339). With potassium ferricyanide it 
gives 4:\5-di7iitro-a-naphthol ; with nitric acid 
2:4:5-trinitro-a-naphthol, and with permanganate 
S-nitrophthalic acid. Reduced by ammonium 
sulphide or stannous chloride it gives 4:6- 
diamino-a-naphthol, but with tin and hydro- 
chloric acid 5 -amino-l:4-dihy dr oxy naphthalene. 
Its 2:1 -disulphonic acid, obtained by action of 
dilute caustic soda on l:8-dinitronaphthalene- 
3:6-disulphonic acid at ordinary temperature, 
gives a yellow potassium salt, KgA-f 2 H 2 O, and 
a green basic potassiufn salt, and with dilute 
nitric acid one of the sulphonic groups is 
replaced by a nitro-group giving a nitro-dyestuff 
(KaUe, G.P. 113063). 

l-Nitro-4-nitroso-a-naphthol (7-nitro-[a-]naph- 
thaquinone-4-oxime) obtained by heating 1:6- 
dinitronaphthaleno with 15-17% anhydro acid 
at 40-50° forms yellow needles, is soluble in 
alkalis and on oxidation gives 4-nitrophthalic 
acid (Graebe, Annalen, 1904, 335, 144). 

8-Nitro-4-nitroso-a-naphthol (8-nitro-[a-]naph- 
thaquinone-4-oxime) obtained by heating 1:5- 
dinitronaphthalene with 12-23% anhydro-acid 
at 40-60° (Badische, G.P. 91391 ; B.P. 14956, 
1896) forms yellow needles dissolving in alkali 
to give a yellow solution which becomes green 
when boiled with zinc dust. It is oxidised by 
ferricyanide to 4\8-dlmtro-a‘naphthol but with 
dilute nitric acid gives 2:4:S4rinitro-a-naphthol. 
On reduction with tin and hydrochloric acid it 
yields 4:8-diamino-a’naphtkol. 

(iii) 1 - Nitroso - jS - naphthol {[fi’]naphtha’ 
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quinont’l-oxime) is obtained by the action of 
nitrous acid on )9-naphthol (Fuchs, Ber. 1876, 
8, 1026; Ilinski, Ber. 1884, 17, 2684; Groves, 
J.C.S. 1884, 46, 296 ; cf. Kohler, G.P. 26469). 
Its preparation is fully described by Marvel and 
Porter (Organic Syntheses, Vol. II, p. 60). In 
brief, 600 g. j8-naphthol is dissolved in a solution 
of 140 g. caustic soda in 6 litres of water, cooled 
to 0°, 260 g. sodium nitrite added followed by 

I, 100 g. sulphuric acid (p 1*32) added over 
Ij hours, the temperature being maintained at 
0° by addition of ice. The reaction mass is 
stirred duriilg 1 hour, filtered, and weU washed. 
The light yellow precipitate is dried in the air 
for four days and finally in vacuum over sul- 
phuric acid, the product (m.p. 106° and yield 
99%) being pure enough for most purposes. 

identification. — It crystallises from alcohol in 
plates or prisms, m.p. 109-5°, is sparingly soluble 
in hot water and when pure is readily volatile 
in steam (Ilinski, Ber. 1884, 17, 2584). The 
cupric salt, CuA^ (Knorre, ibid. 1887, 20, 283), 
and ferric salt, FeAg, are insoluble in water or 
60% acetic acid and the cobaUic salt, CoAg, is 
only slightly soluble in boiling 50% acetic acid. 
These properties can be used in the separation 
of copper, iron, or cobalt from other metals {cf. 
Knorre, Z. angew. Chem. 1893, 6, 264; Atack, 

J. S.C.I. 1916, 34, 641 ; Mayr and Feigl, Z. anal. 
Chem. 1932, 90, 15). The barium, potassium, 
and sodium salts are green (Ilinski, Ber. 1884, 
17, 2885). The insoluble ferrous salt of nitroso- 
)3-naphthol is largely used as a green lake 
(Badische, G.P. 366973). The constitution of 
the iron compounds of nitroso-jS-naphthol is 
discussed on p. 3806. 

Reactions. — By dilute nitric acid or ferri- 
cyanide it is oxidised to l-nitrofi-naphthol. 
Reduced with stannous chloride it gives 1- 
aminofi-naphthol. In cold caustic soda solution 
with hydroxylamine it gives [p-]naphthaquinone- 
dioxime, m.p. 180-181°, but if warm the 
anhydride, m.p. 78°, is formed (Kehrmann and 
Messinger, Ber. 1890, 23, 2815). Boiled with 
aniline and acetic acid it gives 2-anilino-[a-^naph- 
thaquinoneanil (Bromme, ibid. 1888, 21, 393), 
but under milder conditions with aniline in 
benzene it gives l-imino-2-hydroxy-4-phenyl- 
iminonaphthaquinone (Soc Anon., B.P. 246482; 
cf. Lantz and Wahl, Bull. Soc. chim. 1929, [iv], 
46, 744). When the sodium salt of 1 -nitroso-jS- 
naphthol is heated alone, or better in pyridine 
or in aqueous caustic soda with a sulphonyl 
chloride, ring fission occurs and it is converted 
into sodium o-cyanocinnamate (Bayer, G.P. 
116123; Werner and Piguet, Ber. 1904, 37, 
4310 ; Weiler-ter Meer, G.P. 411965). Chlorina- 
tion of l-nitroso-j3-naphthol in tetrachloroethane 
with sulphuryl chloride is said to give 3-cWoro-l- 
nitro8o-2-naphthol, m.p. 168° (Marschalk, Bull. 
Soc. chim. 1928, [iv], 48, 1361). With aqueous 
potassium cyanide at 80-36° l-nitroso-/5- 
naphthol gives l‘amin0’2-hydroxy-4t-cyanonaph- 
thahne, m.p. 200-201° (I.C.I., B.P. 381602 ; cf. 
Bradley and Robinson, J.C.S. 1934, 1484). 
With sodium bisulphite solution it gives a 
crystalline bisulphite compound, the constitution 
of which has been studied by Bogdanov (A. 1932, 
842, and A. 1933, 389) and is used as a mordant 
dye under the name Fast Printing Green. The 


bisulphite compound, unlike nitroso-jS-naphthoI, 
couples with diazo-compounds to give azo-dyes, 
but these have no commercial value (Dahl, 
G.P. 79583 ; 95758 ; Ashworth and Biirger, B.P. 
11656, 1893). The most valuable reaction of 
the bisulphite compound is its conversion 
by mineral acid to l-amino-2-naphthol-4- 
sulphonic acid (Boniger, Ber. 1894, 27, 23; 
cf. Fieser, Organic Syntheses, Vol. XI, p. 12 ; 
Vol. XXI, p. 94). Nitroso-^-naphthol has 
been proposed as a plasticising agent for 
rubber (Du Pont, F.P. 816395) ; urider the 
name Gambine-Y it is used as mordant dyestuff 
(Robinson, J. Soc. Dyers and Col. 1921, 37, 
229). 

l-Nilro80-2-naphthol-Q-sulphonic acid obtaii ed 
by action of nitrous acid on j8-naphthol-6-f ul- 
phonic acid (Meldola, J.C.S. 1881, 39, 40) gives 
an orange barium salt, a green basic barium salt 
and a green basic sodium salt (Hoffmann, Ber. 
1891, sS, 3741). With cobalt, nickel, and iron, 
co-ordinated compounds are formed, the iron 
complex (Naphthol Green -B) being a dyestuff 
for wool (Gans, G.P. 28065 ; 28901 ; cf. Ulrich, 
J.S.C.I. 1890, 9, 1126). 

The 3:6~disulphonic acid, obtained by the 
action of nitrous acid on j9-naphthol-3:6-disul- 
phonic acid can be used as a sensitive test for 
cobalt (Van Klooster, J. Amer. Chem. Soc. 
1921,43,746). 

1 - Nitroso - 2:6 - dihydroxynaphthalene (Bayer, 
B.P. 14230, 1889); I -nitro80-2:l -dihydroxy - 
naphthalene, known as Gambine-B (Leonhardt, 
B.P. 17223, 1889); and nitroso-2iS-dihydroxy- 
naphthalene (Bayer, B.P. 14230, 1889) have been 
used as mordant dyes. 

ARYLNAPHTHALENES. 

The phenylnaphthalenos, or naphthyl ben- 
zenes, have been prepared by several different 
methods. They are not at present of technical 
importance. 

a-PhenyInaphthalene is a liquid, b.p. 
324-326° (Mohlau and Berger, Ber, 1893, 26, 
[1196; Chattaway, J.C.S. 1893, 63, 1186), b.p. 

1 334°/770 mm. (R. Weiss and K. Woidich, 
Monatsh. 1926, 46, 453). Chattaway, who 
obtained it, with some of the jS-isomer, by the 
interaction of a-chloronaphthalene and benzene 
in presence of aluminium chloride, described it as 
a soft waxy solid of indefinite m.p. up to 46°, 
but other authors have not obtained it in solid 
form. Mohlau and Berger separated it by 
fractional distillation of the mixed a- and )5- 
isomers obtained from diazobenzene and 
naphthalene. Weiss and Woidich synthesised 
it from 1-ketotetrahydronaphthalene and phenyl 
magnesium bromide, and T. Wagner- Jauregg 
from otf.diphenylethylene and maleic anhydride 
(Annalen, 1931, 491, 1). Grieve and Hey 
obtained it in small yield from diazotised a> 
naphthylamine and benzene (J.C.S. 1938, 108). 

According to F. Mayer and R. Schiffrer, a- 
phenylnaphthalene changes to j8-phenylnaph- 
thalene at 350° in contact with silica or silicates 
(Ber. 1934, 67 [B], 67). 

a-Phenylnaphthalene can be characterised by 
nitration in acetic acid to a mononitro derivative, 
m.p. 135° {idem, ibid. ; Weiss and Woidich, Lc., 
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give m.p. 132®), which, according to V. Vesel^ 
and F. Stursa is 4:-niiro-l-phenylnaphthalene 
(Coll. Czech. Chem. Comm. 1933, 6, 343). These 
authors describe ii-amino-l-phenylnapkthalerief 
m.p. 73-74° {acetyl derivative, m.p. 167-168°), 
and other derivatives. Methoxy derivatives of 

1- phenylnaphthaleno have been described by 
W. N. Howell and A. Robertson (J.C.S. 1936, 
687). 

)3-Phenylnaphthalene has m.p. 101-102° 
(Mohlau and Berger, l.c. ; Hey and Laughton, 
ibid. 1940, 374). The best preparative method 
appears to be that described by Hey and 
Laughton, from nitrosoacet-jS-naphthalide and 
benzene. These authors prepared some of its 
substitution derivatives by the same method. 
Nitration of 2-phenyliiaphthalene gives the 1- 
mYro-corapound, m.p. 127° ; 2-phcnyl-a-naphthyl- 
amine has m.p. 104° {acetyl derivative, m.p. 
234°). 

)3-Phenylnaphthalene has also been syn- 
thesised from diphenyl .and succinic anhydride 
(Hey and Wilkinson, ibid. 1940, 1030; Weiz- 
mann, Bergmann, and Bograchov, Chem. and 
Ind. 1940, 59, 402) ; from deoxybenzoin and 
ethyl bromoacotate (F. S. Spring, J.C.S. 1934, 
1332), and from a-amino-jS-methoxy jS-phonyl- 
propionic acid (Carter and Van Loon, J. Amor. 
Chem. Soc. 1938, 60, 1077). By the action of 
aromatic diazo-compounds in alkaline solution on 

2- hydroxy-[a-]naphthaqiiinone (0. NeunhoefFer 
and J. Weise, Ber. 1938, 71 [B], 2703), 2- 
hydroxy - 3 - aryl - [a-Jnaphthaquinones are ob- 
tained. 

Diphenyinaphthalenes and some of their 
derivatives have been obtained by synthetic 
methods involving formation of the naphthalene 
ring. A specially interesting example is the 
reaction betw^^en diphenylketen, CPhg.’CO, and 
phenylacetylene, which takes place at room 
temperature, to give S'A-diphenyUa-naphtholy 
m.p. 143-144°. The reaction has been studied 
in some detail by L. I. Smith and H. H. Hoehn, 
who show that the aryl group in the arylacetyleno 
is found in the S-position in the 3 :4-diaryl-a- 
naphthol. The last compound is also obtained 
from [a-]naphthaquinone and phenyl mag- 
nesium bromide (J. Amer. Chem. Soc. 1939, 61, 
2619; 1941, 68 , 1175). H. M. Crawford has 
synthesised 1:2-, m.p. 109*5-110°, 1:3-, m.p. 
70-71°, and 2:3-diphenylnaphthale'ne, m.p. 86- 
87° {ibid. 1939, 61, 608) ; whilst F. Bergmann, 
H. E. Eschinarzi and D. Schapiro have prepared 
l:2-diphenylnaphthalenef m.p. 114° {picrate, 
148°), and 1:2 :Z-triphenylnaphthalenef m.p. 153° 
{ibid. 1942, 64, 657. 659). Ii4:-Diphe.nylnaphtha- 
lene has m.p. 135-137° (Weiss, Abeles, and 
Knapp, Monatsh. 1932, 61, 162; Dufraisse and 
Priou, Bull. Soc. chim. 1938, [v], 6, 502). 
2:Q-Diphenyhiaphthale'ne has m.p. 233-234° 
(Price and Tomisek, J. Amer. Chem. Soc. 1943, 
66 , 439). 

BINAPHTHYL COMPOUNDS. 

Dinaphthyl compounds have been the subject 
of patents by industrial firms, both for their 
preparation and for their use as intermediate 
compounds. Three series of compounds are 
known, derived respectively from 1:1'-, 2:2'-, and 


l:2'-dinaphthyl. The most important com- 
pounds technically are the l:l'-dinaphthyl-8:8'- 
and 2:2'-dicarboxylic acids, since they furnish 
by ring closure the important vat dyestuff" 
anthanthrone (G.P. 280787, 1918 ; Kalb, Ber. 
1914, 47, 1724). {v. Vol. I, 426a). - Di- 

iiaphthol (2:2' - di - hydroxy - 1:1'- dinaphthyl) 
is readily converted into the hydrocarbon 
porylene, which has been extensively investi- 
gated, though without technical success, as a 
possible intermediate for vat dyes. jSjS'-Dinaph- 
thol also gives by dehydration dinaphthylene 
oxide (I), and by oxidation dinaphthylene 
dioxide (11) ; the latter can be halogonated and 
oxidised to quinones which have been claimed 
as useful colouring matters (I.G., B.P. 298640 ; 
323806; 324017; 337061; G.P. 501324). 





Related to 2:2'-dinaphthyl are the indigoid 
dyes of type (III) (R = OMe, Br, etc.) obtain- 
able by oxidising 4-methoxy-a-naphthol (Russig, 
J. pr. Chem. 1900, [ii], 62, 53) and from 2:4- 
dibromo-a-naphthol (Willstatter and Schuler, 
Ber. 1928, 61 [B], 362 ; Goldschmidt and Wess- 
becher, ibid.^ p. 372). 

l:l'-Dinaphthyl, m.p. 160*5°, has been 
obtained by oxidation, pyrolysis or catalytic 
dehydrogenation of naphthalene (Smith, J.C.S. 
1877, 32, 659 ; 1879, 36, 225 ; Meyer and Hoff- 
man, Monatsh. 1916, 87, 708; I.G., B.P. 

366189) and by the action of metals on a-halo- 
genonaphthalenes. It is probably best pre- 
pared by heating a-iodonaphthalene with copper 
bronze (UUmann and Bielecki, Ber. 1901, 84, 
2184; cf. Willgerodt and Schlosser, ibid. 1900, 
38, 698; Sp&th, Monatsh. 1913, 34, 2013). 

It is converted into perylene by heating with 
aluminium chloride at 140° (Scholl, Seer, and 
Weitzenbock, Ber. 1910, 43, 2204) and is said 
to be isomerised to jffjS'-dinaphthyl by aluminium 
chloride in carbon disulphide (WeitzenbOck, 
quoted by Scholl and Tritsch, Monatsh. 1911, 
82, 998, footnote). On nitration it gives mainly 
4-nitro- and 4:4'-dinitro-compound8 (Schoepfle, 
J. Amer. Chem. Soc. 1923, 45, 1567). 

2:2' - Dihydroxy - 1:1' - dinaphthyl, m.p. 
218°, insoluble in water, soluble in alcohol and 
ether, is readily obtained in good yield by 
oxidising j3-naphthol with hot aqueous ferric 
chloride and hydrochloric acid, or by the Ull- 
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mann reaction from l-bromo-jS-naphthol (c/. 
Hinsberg, Her. 1915, 48, 2096). 

Sulphonated, it gives the 6-mono- and 6:6'- 
disulphonic acids (Joffe, A. 1936, 1603). It is 
converted into perylene by halogen compounds 
of phosphorus at 400-500° (Hansgirg and Zinke, 
Monatsh. 1919, 40, 403 i B.P. 136564), and into 
1:12 - dihydroxyperylene when heated with 
aluminium chloride (Pereira, B.P. 191363; cf. 
G.P. 390619; 391826; 394437). When it is 
distilled with zinc dust or heated with zinc 
chloride, dinaphthylene oxide is formed 
(Schoepfle, i.c.), and with zinc chloride and 
ammonia, duiaphthyleneimine (Walder, Ber. 
1882, 16, 2166). It is converted into dinaphthy- 
lene dioxide by oxidation with silver oxide or 
sodium ferri cyanide (Pum merer and Frankfurter, 
ibid, 1914, 47, 1493; cf. Pummerer, Prell, and 
Rieche, ibid. 1926, 59 [B], 2169) or by catalytic 
oxidation in presence of vanadium pentoxide 
(Clemo and Spence, J.C.S. 1928, 2812). 

4:4' - Di hydroxy - 1:1' - dinaphthyl, m.p. 
301-302°, was first obtained by ferric chloride 
oxidation of a-naphthol by Dianin (J. Russ. 
Phys. Chem. Soc. 1874, 6, 183) and its constitu- 
tion proved by (;leino, Cockburn, and Speiuic 
(J.C.S. 1931, 1265). By dehydration it is con- 
verted into a dinaphthylene oxide, but isomerisa- 
tion must first occur. Its dimethyl ether has 
m.p. 262° (CorbeUini, Gazzetta, 1939, 59, 391). 

2:7:2':7' - Tetrahydroxy - 1:1' - dinaphthyl 
is obtained by oxidation of 2:7-dihydroxy- 
naphthaleno with ferric chloride (Brass and 
Patzelt, Ber. 1937, 70 [B], 1341). 

2:2'-Diamino-l:l'-dinaphthyl, m.p. 191°, 
is formed when j3-nitronaphthalene is reduced 
under conditions which might be expected to 
give the hydrazo-compound (Gumming and 
Ferrier, J.C.S. 1924, 125, 1109). Its diacetyl 
derivative has m.p. 235-236°. Heated at 240- 
260° it gives a dibenzocarbazole. 

3:3'-Diamino-l:l'-dinaphthyl, m.p. 270°, 
was obtained by Gumming and Howie (ibid. 
1932, 528) by reduction of the 3:3'-dinitro- 
compound (Chud4ilov, Chem. Listy, 1926, 19, 
187). 

4:4'- Diamino - 1:1' - di naphthyl (naphthi- 
dine)t m.p. 202°, is formed when a-naphthyl- 
amine is oxidised with ferric iron in 88% sul- 
phuric acid (Reverdin and de la Harpe, Chem.- 
Ztg. 1892, 16, 1687) and in small amount by the 
conversion of l:l'-hydrazonaphthalene with 
hydrochloric acid, although the main product 
is l:l'-diamino-2:2'-dinaphthyl (Nietzki and 
Gofi, Ber. 1886, 18, 3264 ; cf. Veself, ibid. 1905, 
48, 136). It is also obtained from 4:4'-dinitro- 
l:l'-dinaphthyl, m.p. 246°, the principal product 
of dinitrating l:l'-dmaphthyl (Schoepfle, J. 
Amer. Chem. Soc. 1923, 1567), by reduction. 

Its diacetyl derivative has m.p. 363-364° (Gum- 
ming and Howie, l.c.). When the diamine or 
a salt thereof is heated with aluminium chloride 
it forms ^:l0-diaminoperylene (Comp. Nat. de 
Mat. Col., B.P. 208720). Its tetrazo deriva- 
tive is convertible into 4:4:'-dihydroxy-l:l'- 
dinaphtkyl (CorbeUini, l.c.). 

2:1'-Dlnaphthyl, m.p. 79-80° (Wegacheider, 
Ber. 1890, 28, 3199) is obtained by passing 
nkphthalene through a red hot tube (Smith, 


J.C.S. 1877, 82, 560; 1879, 85, 227). Its 

picrate has m.p. 166-166°. 

2:2'-Dinaphthyl, m.p. 187*8° (coir.), is ob- 
tained as one of the products by passing naphtha- 
lene through a red hot tube (Smith, l.c., cf. Meyer 
and Hofmann, Monatsh., 1916, 87, 708); or 
over a catalyst at 800° (I.G., B.P. 356189) ; or 
by action of copper powder on )3-iodonaphtha- 
lene (Ullmann, and GiUi, Loewenthal and Meyer, 
Annalen, 1904, 332, 60) ; or from j3-chloro- 
naphthalene and sodium or from j3-naphthyl- 
amine by diazotising and reacting in alcoholic 
solution with zinc and copper sulphate (Chatta- 
way, J.C.S. 1896, 67, 656). It crystallises in 
blue fluorescent plates giving fluorescent solu- 
tions. It is only sparingly soluble in most sol- 
vents but is readily soluble in carbon disulphide, 
ethylene dibromide, and hot benzene. With 
chromic acid and acetic acid it is oxidised to the 
l:4-quinone, accompanied by a little 1:4:1':4'- 
diquinone. By sulphonation with a deficiency 
of sulphuric acid at 200°, a monosulphonic acid 
has been obtained and with increased quantity 
of sulphuric acid two isomeric disulphonic acids 
are formed (Smith and Takamatsu, ibid. 1881, 
39, 651). 

l:l'-Diamino-2:2'-dinaphthyl is the main 
product of reaction of 1 : 1 '-hydrazonaphthalene 
with hydrochloric acid (Nietzki and Goll, Ber. 
1885, 18, 3254; Vesely, ibid. 1906, 48, 136). 
Heated with hydrochloric', acid it loses ammonia 
with formation of dibenzocarbazole. 

Dinaphthyldicakboxylio Acids. 

The dinaphthyldicarboxylic acids which have 
attracted investigators are the l:l'-dinaphthyl- 
2:2'- and 8:8'-dicarboxylic acids, both of which 
by cyclisation in sulphuric acid produce anthan- 
tlirone. They have been prepared (a) by heating 
the appropriate chloronaphthoic ester with 
copper bronze ; (6) from the appropriate amino - 
naphthoic acid or ester by diazotising and 
treating the diazo- compound with ammoniacal 
cuprous oxide; (c) from 2:2'-diamino-l:l'- 
dinaphthyl through the tetrazo-compound and 
the dinitrile. The second is technically the most 
attractive procedure. 

(i) 1:1' - Dinaphthyl - 2:2' - dlcarboxylic 
Acid has been obtained by methods (a) and (c) 
(Kalb, ibid. 1914, 47, 1724), and (b) I.G., B.P. 
278100). The acid, m.p. 268*5-270°, has been 
resolved into optically active forms by means 
of the quinine salt (Kuhn and Albrecht, Annalen, 
1928, 465, 286). 

(ii) 1:1' - Dinaphthyl - 8:8' - dlcarboxylic 
Acid has been prepared by methods (a) and (b) 
(l.c.). Tho acid has m.p. above 300°, the ethyl 
ester m.p. 183°. The acid has been resolved 
into d- and i-forms (CorbeUini, Atti. R. Accad, 
Lincei, 1931, 18, 702 ; Meisenheimer and Beiss- 
wenger, Ber. 1932, 65, 32). 

In conclusion the writers must acknowledge 
their indebtedness to Professor W. P. Wynne, 
whose article in the 1922 edition of this Bic- 
tionary has been freely used. The general 
scheme of that article has been retained, and 
large sections of it have been preserved 
practicaUy unchanged. 

E. H. R., H. S., E. G. B., W. R. H. Hr 
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PART II. ALKYLNAPHTHALENES 
AND THEIR DERIVATIVES. 

Synopsis of the Subject. 

a- and j8-Methylnaphthalenes (p, 380a). 

Higher Alkylated Naphthalenes (p. 3906). 

Derivatives of a-Methyl naphthalene (p. 3936) ; Halo- 
geiio Berivativoa (p. 3936) ; Nitro Derivatives 
(p. 394a) : Sulphonic Acids (p. 394rf) ; Ainino 
Derivatives (p. 3956) ; Hydroxy Derivatives 
(p. 396a). 

Derivatives of )3-Methyinaphthalene fp. 397a) ; 

Halogeno Derivatives (p. 897a) ; Nitro Deriva- 
tives (p, 3976) ; Sulphonic Acids (p. 397d) ; Amino 
Derivatives (p.398a) ; Nitro-amines and Diamines 
(p. 3986) ; Hydroxy Derivatives (p. 398fi) ; 2- 

Methylnaphthaquinones (p. 399a) ; Acyl Deriva- 
tives (p. 399<^). 

Ethyinaphthalenes (p. 399(i). 

Propyinaphthalenes (p. 401a). 

Butyinaphthalenes (p. 402a). 

Oimethyinaphthalenes (p. 402c). 

Trimethyinaphthalenes (p. 404a). 

Polymethyinaphthalenes (p. 4056). 

Naphthylacetic Acids and Homologues (p. 4066). 

Naphthyl Alkyl Ketones (p. 4066?). 

Naphthyl Aryl Ketones (p. 408a). 

Benzyl Derivatives of Naphthalene (p. 408<i). 

a- AND i3-METHYLNAPHTHALENES. 

Monoraethylnaphthalenes and thoir higher 
homologues, which bear the same relation to 
naphthalene as toluene, the xylenes and their 
homologues to benzene, are present in the higher 
fractions of coal-tar distillates. F. Reingruber 
first isolated a fraction having the composition 
of methylnaphthalene (Annaleu, 1881, 206, 376), 
and A. Emmert and F. Reingruber soon after- 
wards showed dimethylnaphthalone to be 
present {ibid. 1882, 211, 365). Schulze (Ber. 
1884, 17, 842) seems to have been the first to 
separate approximately pure a- and )3-methyl- 
naphthalenes, taking advantage of the fact that 
the j5-compound, having a higher melting-point 
than the a-, can be frozen out in a fairly pure 
state from mixtures containing it. Later, 
Wichelhaus used this method on a coal-tar 
fraction, b.p. 232-262”, and effected final purifi- 
cation through crystallisation of the picrates, 
by which means he claimed to have eliminated 
diphenyl from the methylnaphthalones {ibid. 
1891, 24, 3918). Yet both Schulze and Wichel- 
haus gave the melting-point of the a-picrate aa 
116-117” instead of 141°, from which it must 
be concluded that their a- contained much fi- 
methylnaphthalene, the picrate of which they 
eventually isolated from their a-methylnaphtha- 
lene. The true melting-point of the picrate of 
a-methylnaphthalene was given at about the 
same time by R. Meyer and H. Fricke {ibid. 
1914, 47, 2770) who obtained both a- and p~ 
methylnaphthalene from the tar formed by 
polymerising acetylene, and by Lesser (Annalen, 
1914, 402, I) who made the first considerable 
study of derivatives of both isomers after they 
had been made commercially available by the 
German firm, GeseU. f. Teerverwertung m.b.H., 
Duiflberg Meiderich. 

G. T. Morgan and E. A. Coulson found both 
a- and ' jS-methylnaphthalene in the picrate- 
formi^ oil from KMnell low-temperature coal 
tar. ^ey encountered the difficidty of separ- 


ating pure a-methylnaphthalene, due to its own 
low melting-point and to its forming a eutectic 
with d-niethylnaphthalene containing 19% of 
the latter, having m.p. —45 to —44°. They 
obtained pure a-methylnaphthalene as follows. 
After freezing out as much jS-isomer as possible, 
the mixed m ethyinaphthalenes wer<3 sulphonated 
with about twice their weight of concentrated 
sulphuric acid below 40°. The mixed sulphonic 
acids wore then crystallised from 60% sulphuric 
a(;id, in which the a-methylnaphthalene-4-8ul- 
phonic acid is much less soluble than the )3- 
methylnaphthalene-6- and -8-sulphonic acids. 
After two crystallisations the former is obtained 
pure ; the sulphonic group is removed by 
hydrolysing with steam in 70% sulphuric acid 
at 150°, giving pure a-methylnaphthalene 
(J.S.C.l. 1934, 63, 73t). E. A. Coulson has also 
described the isolation of /3-methylnaphthalene 
from a fraction of neutral oil, b.p. 236-244°, from 
high -temperature tar obtained from horizontal 
gas retorts. The method used was as follows. 
The fraction was distilled, the portion having 
b.p. 235-245° was washed with 60% sulphuric 
acid, neutralised, dried, and again fractionally 
distilled. The portion of b.p. 232-243° was 
subjected to a process of fractional crystallisa- 
tion at successively higher temperatures, starting 
at —18°, until eventually a product of m.p. 
30-33°, 98% jS-methylnaphthalene, was obtained 
{ibid. 1941, 60, 123). 

In a later paper, Coulson obtains a-methyl- 
naphthalene of high purity from a fraction rich 
in the a-isomcr (77% a) by sulphonating in the 
cold and diluting the mixture to give 34% sul- 
phuric acid ; on cooling, nearly pure a-methyl- 
naphthalene-4-8ulphoiiic acid separates, and is 
further purified by two recrystallisations from 
34% sulphuric acid. By hydrolysis with dilute 
sulphuric acid it gives a-methylnaphthalene of 
98-3% purity {ibid. 1943, 62, 177). A partial 
separation of a- and jS-methylnaphthalenes can 
be effected by sulphonating cold in presence of 
silver sulphate (giving only sulphonic acids with 
a-sulpho -groups) and desulphonating first with 
sulphuric acid boiling below 124° to obtain a 
product consisting mainly of a-methyhiaphtha- 
lene ; when the rate of hydrolysis slackens, the 
concentration of sulphuric acid is raised until the 
temperature reaches 140-150°, when the j8- 
methylnaphthalenesulphonic acids are hydro- 
lysed freely, giving a product rich in /S-mothyl- 
naphthalene (Coulson, l.c. ; B.P. 556981). 

Mair and Streiff {see Table I) have separated 
both a- and jS- methylnaphthalene from a 
petroleum kerosene fraction, using an efficient 
fractionating column. Their constants for the 
eutectic agree closely with those given by Morgan 
and Coulson; they give b.p. 148*3°/56 mm.; 
m.p. —47° ; composition, 82*5% a, 17*5% p. 

Both a- and jS-methylnaphthalenes have also 
been found in Borneo petroleum (H. 0. Jones 
and H. A. Wootton, J.C.S. 1907, 91, 1146) and 
in Rumanian oil (T. Cosoiug, Petroleum, 1936, 
31, No. 41, 6; 1938, 34. No. 16, 3). G. T. 
Morgan reported j5-methylnaphthalene in tar 
from Dalton Main coal carbonised at 460° 
(Fuel, 1931, 10, 183). Cosciug failed to separate 
the a- and j8-methylnaphthalene by fractional 
crystallisation of the picrates (i.c., 1938). 
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NAPHTHALENE. 

Ta.blb I. — ^Methylnaphthalenes. 


Orienta- 

tion. 

B.p. 

M.p. 

Density. 

Plcrate, 

m.p. 

Source. 

Reference. 

1-Methyl. 




141-142“ 

Acetylene tar. 

Meyer and Fricke, Ber. 





1914, 47, 2770. 





141-142“ 

Coal tar (Ges. fiir 

R. Lesser, Annalen, 






Teerverwertung). 

1914,402, 1. 


110°/12 mm. 



141“ 

Reduction of 

I.G., G.P. 509149, 1930. 





C,oH7-CH2CI. 


244-787760 

-30-77“ 

p25 1-0163 


Petroleum kerosene 

Mair and Streiff, J. B-es. 


mm. 

±0-06“ 

±0-0001 


fraction. 

Nat. Bur. Stand. 
1940, 24, 895. 

2-Methyl. 




115“ 


Schulze, Ber. 1884, 17, 







842. 



37-38“ 


115“ 

Synthesis. 

Fittig and Liebmann, 






ibid. 1887, 20, 3182. 


240-241“ 

87-88“ 


115“ 

Coal-tar distillate. 

Wichelhaus, ibid. 1891, 







24, 3918. 



32-33“ 


115-116“ 

As for a-methyl. 

R. Lesser, l.c. 


241-147760 

34-44 

p40 0-09045 


Petroleum kerosene. 

Mair and Streiff, l.c. 


mm. 

±0-02“ 

±0-00005 




According to F. Mayer and R. Schiffner (Ber. 
1934, 67 [B], 67) a-methyl and a-ethyl-naphtha- 
lene are each converted into the jS-isomers when 
passed over silica gel at 420-430". 

a-Methylnaphthalone has been found to be a 
good dispersing medium for use in the hydro- 
genation of coal (C. H. Fisher and A. Eisner, 
Ind. Eng. Chem. 1937, 29, 939). 

Synthesis. — a- and /S-Methylnaphthalenes have 
been synthesised by several methods. R. Fittig 
and J. Remsen (Annalen, 1870, 155, 114) pre- 
pared the a-compound from a-bromonaphtha- 
iene, methyl iodide, and sodium before it had 
been isolated from any other source. A better 
method is to condense naphthalene with 
formaldehyde and hydrochloric acid to form 
a-chloromethylnaphthalene, m.p. 31-32° (I.G., 
B.P. 337289) and to reduce this with zinc dust, 
alcohol, and ammonium chloride (I.G., G.P. 
609149), or with magnesium (Grummitt and 
Buck, J. Amer. Chem. Soc. 1943, 65, 296). 

)S-Methylnaphthalene was first synthesised by 
Fittig and Liebraann (Ber. 1887, 20, 3182). 
They condensed benzaldehyde with methyl- 
succinic acid, thereby obtaining two lactonic 
acids which on dry distillation gave two isomeric 
hydroxy-jS-methylnaphthalenes, m.p. 89° and 
92°, each of which on distillation with zinc dust 
gave the same j8-methylnaphthalene, m.p. 37- 
38°. This melting-point agrees with that given 
by Wichelhaus {l.c.) but modern observers give 
a lower value {see Table 1). 

)3-Methylnaphthalene is available commercially 
in the United States, the m.p. being 32‘6°, 
purity 98*6% (R. N. Shreve and J. H. Lux, 
Ind. Eng. Chem. 1943, 85, 306). 

HIGHER ALKYLATED NAPHTHALENES. 

Of the ten possible dimethylnaphthalenes, 
seven have been shown to occur in coal tar, 
namely the 1:2-, 1:6-, 1:6-, 1:7-, 2:3-, 2:6-, and 
2; 7-isomers (0. Kruber, Angew. Chem. 1940, 
58 , 70). The presence of dimethylnaphthalenes 
in the coal-tar fraction, b.p. 260-265°, was first 
shown by Emmert and Reingruber (Annalen, 
1882, 211 , 366), but a practical method of iso- 
lating individual hydrocarbons was first pub- 


lished by R. Weissgerber and 0. Kruber (Ber. 
1919, 52 [B], 346 ; cf. Gos. fur Teerverwertung, 
G.P. .301079). By selecting suitable sul- 
phonating conditions, the sulphonic acids of the 
1:6-, 2:6-, and 2:7-i8omers were obtained pure 
{see infra) and from them the hydrocarbons 
were recovered by hydrolysis. Later, by similar 
processes and by fractional crystallisation of the 
picrates, the other isomers mentioned above 
were isolated (0. Kruber, l.c.; Ber. 1929, 62 [B], 
3044), and also jS-ethylnaphthalenes. The di- 
methyl- and ethyl-naphthalenes are stated to 
constitute about 1-1-2% of the total tar. In 
the coal-tar fraction boiling at 280-290°, tri- 
methylnaphthalenes have been found, accom- 
panying acenaphthene, fluorene, and dipheny- 
loneoxide; 2:3:6-, 1:3:7-, and 2:3:5-trimethyl- 
naphthalenes were isolated. The trimethyl- 
naphthalenes constitute about 0-1% of the coal 
tar (0. Kruber, ibid. 1939, 72 [B], 1972 ; 1940, 
78 [B], 1174). Although most of these alkyl- 
naphthalenes are solid at the ordinary tempera- 
ture, the higher boiling coal-tar fraction is kept 
fluid because of the large depression of the 
freezing-point mutually exerted by the in- 
gredients. 

T. Cosciug has shown the presence of di- and 
tri-methylnaphthalenes in Rumanian crude oil, 
and succeeded in isolating the 2:6 and 2:3:6 
derivatives (Petroleum, 1938, 84, No. 17, 4; 
No. 20, 1). R. Meyer and H. Fricke claim to 
have isolated 1 :4-dimethylnaphthalene from 
their synthetic acetylene tar (Ber. 1914, 47, 
2770). 

Ail the ten possible di- and the fourteen 
possible tri-methylnaphthalenes are known ; 
they have been B 3 mthesi 8 ed in the course of 
academic researches, more particularly in con- 
nection with the identification of the alkylated 
naphthalenes obtained by the dehydration and 
dehydrogenation of naturally occurring veget- 
able products. They are listed, together with 
higher homologous alkylated naphthalenes, in 
the Tables II and III. The synthetic methods 
used in the preparation of the alkylated naphtha- 
lenes are very varied in detail, but they generally 
consist in fusing a second ring on to a benzenoid 
compound which may already carry one or more 



NAPHTHALENE. 

Table II. — Dimethylnaphthalbnbs. 


Orientation. B.p. 
1:2-Dimethyl. 139-140^15“ 


265°/770mm. -3-5“ 


1 :3-i)imethyl. 107"/ 1 mm. 


120 ~ U2°/10 

iLmiu. 


(a) Picrate, 

(b) Styphnate, 
m.p. 

(a) 129-6-130-5" 


(a) 130-131" 

(b) 141-143" 


(а) 117-118" 

(б) 116-118" 
(a) 116-117" 
(5) 132-133° 


1:4-Dlmethyl. 


118°/10mm. 5*5-6-6" 

(corr.) 


264"/760 mm. 


1:5-I)imcthyl. 


l;6-i)imethyl. 


(a) 143-144" 

(b) 125" 

(a) 137-138° 


1: 7-Dimethyl. 


1:8-Dimethyl. 


2:3-Dimethyl 

(guaienc). 


2;6-Dimethyl. 


147-149"/15 

mm. 


258"/760 mm. 

261-262°/760 

mm. 


189-140"/15 104-105° 

mm. 

266-266"/767 

mm. 


(a) 123-124" 


(a) 114-117" 


(a) 141-142" 

(a) 148" 

(b) 160" 


(a) 123" • ' 
(a) 142-143" 


Synthesis. Schroeter, Llchtunstadt 

andlrlneu, Ber. 1918, 
51, 1587. 

From 1 - chloro - Darzens and Levy, 
methyl-2-methyl. Compt. rend. 1936, 
202, 78. 

Coal tar. O, Kruber, Angew. 

Chem. 1940, 63, 70. 

M. C. Kloetzel, J. Amer. 
t!hera. Soc. 1940, 62, 

1708. 

Synthesis, Barnett and Sanders, 

J.C.S. 1933, 434. 

Synthesis. Kloetzel, l.c. 


methyl-2-methyl. 


Synthesis. 


Acetylene tar. 


4-Bromo-l - methyl 
by Grignard and 
Me2S04 

From l-raethyl-4- 
chloromethyl. 

Synthesis, succinic 
acid method. 

Synthesis. 


5-Bromo-l-methyl, 

Mg,Me2S04. 

Coal tar. 

From 5-methyl-a- 

tetralone. 

Coal tar. 


Synthesis. 


Synthesis. 


Synthesis. 


Synthesis. 

Synthesis. 


Synthesis. 

Coal tar. 

Bromlnatlon pro- 
duct of ionone. 
Coal tar. 


Jitkow and Bogert, 
J. Amer. Chem. Soc. 
1941, 63, 1984. 

&. Meyer and H. 
Fricke, ibid. 1914, 
47, 2770. 

Robinson and Thomp- 
son, J.C.S. 1932, 2015. 

Darzens and Levy, 
Compt. rend. 1936, 
202, 78. 

E. de B. Barnett and 
F. G. Sanders, l.c. 

M. C. Kloetzel, J. Amer. 
Chem. Soc. 1940, 62, 

1708. 

Vesel^ and Stursa, Coll. 
Czech. Chem. Comm. 
1931, 3, 430. 

0. Kruber, l.c. 

Butz, J. Amer. Chem. 

Soc. 1940, 62, 2657. 
G.P. 301079, Ges. fttr 
Teerverwert ung 
(1917). 

Weissgerber and Kru- 
ber, Ber. 1919, 52 
[B], 346. 

F. B. Kipping and F. 
Wild, J.C.S. 1940, 
1239. 

O. Kruber. l.c. 

Darzens and Heinz, 
Compt. rend. 1927, 

184. 33. 

Vesely and Medvedeva, 
Coll. Czech. Chem. 
Comm. 1931, 8, 440. 
Barnett and Sanders, 
l.c. 

Kruber and Schade, 
Ber. 1936, 69 [B], 
1722. 

O. Kruber, l.c. 

Vesel^ and Stursa, i.c. 
Linstead et al., J.C.S. 

1937, 1156. 

Weissgerber, 1919, 52 
[B], 870. 

O. Kruber, ibid. 1929, 
62 [B], 3044. 

Barnett and Sanders, 
l.e. 

0. Kruber, l.c., 1940. 
Baeyer and VllUger, 
Ber. 1 899, 32, 2429. 
Ges. fiir Teerverwer- 
tung., G.P. 301079. 

O. Kruber, l.c., 1940. 



♦ W. Thiele and G. Trautmann, Ber. 1935, 68 [Bl, 2246. Gar&t and Irimesou, Ber. 1941, 74 [Bl, 1812, give 
«Lp. 180", 







NAPHTHALENE. 


Table III. — ^TEIMETHyLNAPHTHALENES. 


B.p. M.p. 


(a) Picrate, 

(&) Styphnate, 
m.p. 


1:2:5 

(agathalene). 


1:2:7 

(sapotalin). 


1:6:7 

(-=2:3:6) 


125-130°/] 2 mm. 


(а) 142-5° 

(б) 145-5° 

146°/12 mm. 

125-1 26°/0-6 mm. 

54-55° 

(а) 147-5° 

(б) 123-6° 

(o) 148-148-5' 
(6) 123-124° 


49-50° 

(a) 146-147° 

147-148711 mm. 


(а) 137-138° 

(б) 131° 

1 

33-5° 

(a) 139-140° 


i 

(o) 122-123“ 

146°/10 mm. 

1 

(at) 120-121° 
(6) 148° 



]43°/13 mm. 

152-155°/14nim. 
143-145718 mm. 47" 

139- 6710 mm. 43° 

140- 1 44°/ 10 mm. 
131-13370 mm. 


145°/12 mm. 63° 

63° 

140-142°/15 mm. 

138°/12 mm. 

28° 

140°/12mm. 


146-148°/14 mm. 
286°/762 mm. 102° 


(а) 120 ° 

(б) 156° 

(а) 130-5-131 -5° 

(б) 159-5-160° 


(a) 133° 

(t>) 144-5° 

(а) 141-142° 

(б) 138° 

(a) 140° 

(b) 136-5° 

(a) 116° 

(b) 148° 

(a) 142° 

(b) 151-6° 


(a) 125° 

(5) 140-6° 

(a) 144-145° 

(b) 129-130° 

(a) 146° 

(b) 146° 


(a) 122 ° 

(b) 148-149° 

(a) 122-5° 

(b) 146° 

(a) 125° 

(b) 149° 

(a) 126-126° 

(b) 147-5-148-5° 


(a) 130° 

(b) 166° 
(a) 180° 


Synthesis. 

Synthesis. 

Synthesis. 

From 1 :4-dimethyl. 

Synthesis. 


Dehydrogenation of 
tetrari/c^osqua- 
lenc. 

From bromination 
product of 
lonone. 

Synthesis. 


Dehydrogenation of 
sapogenin and 
other compounds 
of tritorpeno type. 

Synthesis. 


Synthesis. 

Synthesis. 

Syntliesis. 

Synthesis. 

Synthesis. 

Coal-tar heavy oil. 

Synthesis. 

Synthesis. 


Synthesis. 

Synthesis. 

Synthesis. 

Synthesis. 

Synthesis. 

Coal-tar heavy oil. 
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alkyl substituents. Eor instance p-tolylbutyric 
acid may be cyclised to give 7>methyl-l-keto- 
1:2:3:4 - tetrahydronaphthalene, whence 2 - 
methylnaphthalene can be obtained or, by a 
Grignard reaction followed by dehydration and 
dehydrogenation, a 1 -alkyl- 7- methylnaphtha- 
lene : 



Examples of 83 mthesi 8 will be given under 
specific compounds. 

Dialkylnaphthalenes of the l:4-8eries can be 
obtained according to 8cott, Walker, and the 
Du Pont Co,, by the reaction of the l:4-disodiiim 
addition compound of naphthalene with an 
alkyl halide in ether, and dehydrogenation of the 
dialkyl - 1:4 - dihydronaphthalone so obtained 
(U.S.P. 2150039). 

Ethyl and higher alkyl groups can be intro- 
duced into the naphthalene nucleus by several 
methods not available for introducing methyl 
groups. Acyhiaphthalenes, e.g.^ acetylnaphtha- 
lenes, by reduction give the corresponding 
alkylnaphthalenes. Olefins such as ethylene, 
propylene, and isobutylene condense with 
naphthalene under the influence of a variety of 
catalysts to give alkylnaphthalenes. Alcohols 
such as isopropyl and i^obutyl alcohols con- 
dense with naphthalene in concentrated sul- 
phuric acid giving mixtures of mono- and higher 
alkylated naphthalenesulphonic acids w^ch 
have important industrial applications as wet- 
ting agents. Other methods of preparing 
secondary alkylnaphthalenes depend on the 
application of the Grignard reaction to esters 
of naphthoic acids and to naphthyl alkyl 
ketones. 

Alkyl halides can be condensed with naphtha- 
lene in presence of aluminium chloride, and 
alcohols in presence of boron trifluoride. 

DERIVATIVES OF 
a-METHYLNAPHTHALENE. 

Halogeno Derivatives. 

l-Chloromethylnaphthalene is formed when 
hydrogen chloride is led into a mixture of 
naphthalene, aqueous formaldehyde, and hydro- 
chloric acid at fiO-fiS*" for ten hours. The oil 
which separates gives on distillation l-chloro- 
methylnaphthalene, b.p. 153°/12 mm. ; m.p. j 
31-32° (I.G., B.P. 337289). In a similar manner 


^‘nitro-l-chloro7nethylna,phthaleney m.p. 96-97°, 
is obtained from 1-nitronaphthalone (I-Cl-» 
473622) ; further chlorination of the product 
by means of chlorine in the presence of an 
antimony halide and a solvent gives 4:-chloro-5- 
nitro-\-chlorompJhyl7iaphthalene, m.p. 130-131° 
(I.G., B.X^. 529587). The nitration of 1-chloro- 
methylnaphthalene (8-nitro derivative, m.p. 
105°) is (iescribed by V. A, Ismailski and A. N. 
Kozin (Compt. rend.- Acad. Sci. U.R.S.S. 1940, 
28, 621). 

J. S. H. Davies and A. E. Oxford (J.C.S. 1931, 
221) chlorinated 1 -methylnaphthalene and from 
the product obtained 1-chlororaethylnaphtha- 
lene in silvery flakes, m.p. 29-6-30'5°. The 
preparation and reactions of l-naphthyhmJhyl 
magnesium chloride have been studied by II. 
Gilman and J. E. Kirby (J. Amer, Chem. Soc. 
1929, 51, 3475). 

The action of bromine on 1 -methylnaphthalene 
in sunlight at 230° gives 1-hromomethylnaphtha- 
lene, m.p. 45-46° (W. Wislicenus and H. Elvert, 
Ber. 1910. 49, 2822; cf. F. Mayc^r and A. 
Sieglitz, ibid. 1922, 55 [B], 1835). OUvier and 
Wit (Rec. trav. chirn. 1937, 56, 856) give m.p. 
53° for the pure compound, whilst F. E. King 
and T. Henshall (J.C.S. 1945, 417) give m.p. 
55°. J. von Braun and K. Moldaenke (Bor. 
1923, 56 [B], 2165) obtained the compound by 
the action of phosphorus pentabromide on benz- 
a-naphthylmethylamide, m.p. 154°. It is highly 
lachrymatory. 

5- M ethoxy -a-naphthylmethylhromide has m.p. 
98° (Shoesmith and Rubli, J.C.S. 1927, 3104). 

Nuclear chlorination of a-methylnaphthaleno 
is brought about by heating with sulphury! 
chloride at 35-40°, when i-cMoro-l ’methyl- 
naphthalene, b.p. 278-283°, is obtained (I.G., 
B.P. 263844). 2-Chloro-l-methylnaphthalene was 
prepared by R. Scholl, C. Seer, and A. Zinke 
(Monatsh. 1920, 41, 689) from the 2-ammo- 
compound ; it has b.p. 14^145°/12 mm., and on 
nitration gives two nitro derivatives, m.p. 133- 
134° and 70-80° respectively. 

S’Chloro-l-methylnaphthalene was obtained by 
L. F. Fieser and A. M. Seligman (J. Amer. Chem. 
Soc. 1939, 61, 136) from l:8-chlorobromonaph- 
thalene by the action of its magnesium com- 
pound with dimethyl sulphate. It has m.p. 
68-69°, picrate, m.p. 138*5-139-6°. In the same 
way from l:8-bromoiodonaphthalene they pre- 
pared S-bromO’l-methylnaphthalene. 

By exhaustively chlorinating a- methylnaph- 
thalene in the cold and boiling the product with 
alcoholic potassium hydroxide, 0. Scherler (Ber. 
1891, 24, 3927) obtained a trichloro-a-methyl’ 
naphthalene, m.p. 146-6°. 

4:- Broma-l -methylnaphthalene is obtained by 
brominating 1 -methylnaphthalene in the dark 
in carbon disulphide (F. Meyer and A. Sieglitz, 
ibid. 1922, 55 [B], 1836) or carbon tetrachloride 
(R. Robinson and H. W. Thompson, J.C.S. 1932, 
2016). The latter authors obtained the com- 
pound crystalline, m.p. 6*6-6*0° (corr.), b.p. 167- 
168°/10 mm., picrate, m.p. 126-127^. L. F. 
Fieser and A. M. Seligman (J. Amer. Chem. Soc. 
1939, 61 , 136) say that a better preparative 
method is to brominate potassium 1-methyl- 
naphthalene-4-sulphonate in aqueous solution, 
when the sulphonic group is displaced by 
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bromine. They give m.p, 7®, picratey m.p. 128- 
129®. 

The following bromo-l-methylnaphthalenes 
were prepared by V. Vesel;f, F. Sturea, H. 
OlejniCek, and E. Rein (Coll. Czech. Chem. 
Comm. 1930, 2, 146) by the diazo-reaction from 
amino-compounds ; 

2-bromo-l-inethylnaphthaleney m.p. 35-36®; 
picratey m.p. 106-106°. 

^’hrorno-l-imthylrmphthaleney m.p. 46-47®; 
picratey m.p. 83-84°. 

b-hrorm-l-rnethylrmphthalenCy m.p. 63-64®; 
picrate, m.p. 110-111°. 

S-hromo-l-methylnaphthalenCy m.p. 80°; pic- 
rate, m.p. 162-163®. 

2 :4-dibromo-] -rndhylnaphthaleney m.p. 58-.59®. 

1- Bromo-l-methylruiphthaleney b.p. 124-126/3 
mm. {picrate, m.p. 92-6-93-6°) was synthesised 
by L. P. Fieser and A. M. Seligman (J. Amer. 
Chem. Soc. 1938, 60 , 170) from p-bromophenyl- 
butyryl chloride through 7-bromotetralono, m.p. 
76-77®. 

2- Iodo-l-niethylnapht?ialene, m.p. 51-6®, was 

prepared by Scholl and Tritsch (Monatsh. 1918, 
89 , 233) from the 2 -amino -compound. When 
heated with copper powder at 220-260® it gives 
\:V -dimethyl-2:2' -dinaphthyly m.p. 230° (c/. 

Mayer and Schnecko, Ber. 1923, 56 [B], 1408). 

Nitro Derivatives. 

The nitration of 1-methylnaphthalene has 
been studied by R. Lesser (Annalen, 1914, 402 , 
1) (who was the first to examine systematically 
the substitution products of 1- and 2-methyl- 
naphthalenes), by V. Vesel^f, F. Stursa, H. 
Olejnidek, and E. Rein (Coll. Czech. Chem. 
Comm. 1929, 1 , 493) and by H. W. Thompson 
(J.C.S. 1932, 2310). According to Thompson, 
nitration in acetic acid, acetic anhydride or 
nitromethane with pure nitric acid at 0° or with 
nitric acid,p 1-42, at 16° all give the same result. 
Nitration takes place readily and the tempera- 
ture must be controlled. The main product, 
about 70% (Thompson) is 4-nitro-l-methyl- 
naphthalene, m.p. 68-69° (Vesel^ et al.), with 
some 6-nitro-y less 2-nitro-y and, according to 
Vesely, a trace of S-nitro-l-methylnaphthalene. 
According to Lesser, oxidation of 4-nitro-l' 
metbylnaphthalene with permanganate gives 
no trace of an acid, but a small yield of 4-nitro- 
1-naphthoic acid can be obtained by heating 
it with 8% nitric acid for 12 hours at 136-140°. 

Further nitration of 4-nitro- 1-methylnaphtha- 
lene gives 46% of 4:5-dinitro-l-methylnaphtha- 
lene, m.p. 143° (Thompson, l.c. ; Vesel^ et al.. 
Coll. Czech. Chem. Comm. 1930, 2, 145), some 
2:4-dinitro-l-inethylnaphthal€ney m.p. 160-161° 
(Vesely et al.), a small amount of 4:S-dimtro-y 
m.p. 122-123° (Thompson), and a trace of a 
dinitro - 1 - methylnaphthalene, m.p. 176®. By 
nitrating 2:4- or 4:5-dmitro-l -methylnaphtha- 
lene, Thompson obtained 2:4:5-trinitro-l-methyl- 
naphthc^rie, pale yellow prisms, m.p. 170°. 
Characteristic colours are given when, to a solu- 
tion of 2:4-dinitro- or 2:4;6-trinitro-l -methyl- 
naphthalene in alcohol or acetone, caustic soda 
or ammonia is added. 

2 :4-I>mitro-l -methylnaphthalene is formed 
when 2j4*dinitro-l-naphthylaoetic acid is melted 


or treated with cold p 3 rridme (V. Vesel^ and I. 
Pastak, Bull. Soc. chim. 1926, [iv], 87, 1444). 
The methyl group is reactive towards aromatic 
aldehydes and p-nitrosodimethylaniline. 

When 4-nitro- 1-methylnaphthalene is bromi- 
nated in ultra-violet light bromination takes 
place only in the nucleus, giving a monobromo-4- 
nitro-l -methylnaphthalene, m.p. 137‘5-138»6°, 
and a tetrabrorn.o~4-nitro-\-methylnaphthalene, 
m.p. 189-190° (decorap.) (Davies and Oxford, 
J.C.S. 1931, 221). 

The isomeric mononitro-l-methylnaphthalenes 
have all been described by Vesely el al. {l.c. 
1929). 

2’ Nitro-\ -methylnaphthalene, m.p. 68-69°, was 
obtained from 2-nitro-4-amino-l-mcthylnaph- 
thalene. 

^-Nitro-l-methylnaphthalene, m.p. 81-82°, from 

3- nitro-4-amino-l-methylnaphthalene. 

6-Nitro-l-methylnaphthalene, m.p. 82-83°, from 

6-nitro-l-mcthylnaphthalene-4-sulphonic acid. 

^-Nitro-\ -methylnaphthalene, m.p. 76-77°, from 
6-nitro -6 - amino - 1 - methylnaphthalene . 

l-Nitro-l -methylnaphthalene, m.p. 98-99°, from 
7 -nitro-8-amino- 1 -methylnaphthalene. 

H-Nitro-\ -methylnaphthalene, m.p. 63-64°, from 
its 4-sidphinic acid. 

According to R. E. Steiger (Helv. Chim. Acta, 
1933, 16, 793) 8-nitro-l -methylnaphthalene, m.p. 
66° (corr.), and its 5-sulpho7iamide, m.p. 236°, are 
both highly sensitive to light ; he attributes this 
to the close proximity of the nitro and methyl 
groups. 

Sulphonic Acids. 

When 1-methylnaphthalene is sulphonated 
with sulphuric acid at the ordinary temperature 
(K. Elba and B. Christ, J. pr. Chem. 1923, [ii], 
106 , 17) or with ehlorosiilphonic acid in carbon 
tetrachloride at 0° (R. E. Steiger, Helv. Chim. 
Acta, 1930, 13 , 173) the principal product is the 

4- 8ulphonic acid (73% by Steiger’s method), and 
a small amount of an isomer shown by Veself 
and Stursa (Coll. Czech. Chem. Comm. 1931, 8, 
328) to be the 5-8ulphonic acid. At high tem- 
peratures sulphonation, as in the case of naph- 
thalene, gives j5-sulphonic acids. Fieser and 
Bowen (J. Amer. Chem. Soc. 1940, 62 , 2105) 
prefer the chlorosulphonic acid method for 
preparing the 4-8ulphonic acid. 

l-Methylnaphthalene-4-sulphonic acid forms a 
barium salt, 1 HjO, and copper salt, 4 H 2 O ; 
sulphochloride, m.p. 81° ; aidphonamide, m.p. 
174°; aulphonanilide, m.p. 168°; methyl ester, 
m.p. 107°; ethyl ester, m.p. 98° (Elbs and 
Christ, l.c.). By nitration of the sulphochloride 
a mixture of the 6- and 8-mtro derivatives is 
obtained (Steiger, Helv. Chim. Acta. 1934, 17 , 
1142, 1364). 6 - Nitro - 1 - methylnaphthalene-4- 

sulphonyl chloride decomposes at 170°, the amide 
has m.p. 228°, and anilide, m.p. 266° (deoomp.). 
The derivatives of this nitro-acid are all very 
sensitive to light. 

Reduction of 1 - methylnaphthalene - 4 - sul - 
phonyl chloride with zinc dust gives the 4- 
svlphinic acid, needles, m.p. 114-116°, which 
forms a sodium salt, SH^O ; reduction with iron 
and hydrochloric acid gives the ^4hiol (Elbe and 
CSirist, I.C.). l^MethylnaphMkne-5 ’ mlphonic 
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acid forms a milphonamidey m.p. 176-178° 
(Vesel^, lx.). 

Sulphonation of 1-methylnaphthaleno at 
higher temperatures gives mainly the 3- and 6- 
sulphonic acids. The 6-8ulphonic acid was 
isolated as its barium salt by K. Dziewohski and 
T. Waszkowski (Bull. Acad. Polonaise, 1929, A, 
604) who at first considered it to be the 7-8ul* 
phonic acid but later the error was corrected by 
Dziewofiski and M. Otto {ibid. 1935, A, 201). It 
was obtained by sulphonating with sulphuric 
acid (p 1*84) at 150-170°; \-methylnaphthalenR~ 
^-sulphonyl chloride has m.p. 120-122°; sul- 
phonamide, m.p. 188-189°. Using ordinary con- 
centrated sulphuric acid at 110-120°, Vesel^ and 
Stursa (Coll. Czech. Chem. Comm. 1931, 3, 328) 
isolated, as the barium salt, \-meihylnaphthalene- 
S-sulphonic acid, characterised by the chloride, 
m.p. 124-125°, and amide, m.p. 143-144°. Later 
Dziewonski and E. Kowalczyk (Bull. Acad. 
Polonaise, 1935, A, 559) stated that sulphona- 
tion with 100% sulphuric acid at 165-175° gives 
a mixture of 3-, 6-, and 7-sulphonic acids, the 
first two being separated through the different 
solubilities of their barium salts in water, whilst 
the barium salt of the last is soluble in alcohol. 
They give for \-meihyluaphthalene~l-sulpho7iyl 
chloride, m.p. 88°, sulphonamide, m.p. 116°, but 
I.G., who prepared the 7-suIphonic acid by 
eliminating the amino group from l-methyl-4- 
naphthylamine-7-8uIphonic acid (B.P. 462468), 
give for the sulphonyl chloride m.p. 107° and 
sulphonamide m.p. 131°; suljdiorianilide, m.p. 
149°. The I.G. product was converted by caustic 
fusion into a naphthol of the same melting-point 
as the 1 -methyl -7 -naphthol prepared by an 
independent route. 

Amino Derivatives. 

a - N aphthylmethylamine, Hg, 

sometimes called menaphthylamine, was first 
prepared by A. W. Hofmann (Ber. 1868, 1, 101) 
by reduction of a-naphth-thioamide, 

CioH^CSNHg, 

with zinc and hydrochloric acid. It is a caustic 
liquid, b.p. 290-293°, forming a readily crystal- 
lisable hydrochloride and a platinichloride. It has 
also been prepared by heating 1-menaphthyl 
chloride with hexamethylenetetramine in chloro- 
form (F. F. Blicko, C. E. Maxwell, J. Amer. 
Chem. Soc. 1939, 61, 1780). It forms a crystalline 
nitrite, readily decomposed by water to a- 
naphthylcarbinol (Bamberger and Lodter, Ber. 
1888, 21, 258). For the N -alkyl derivatives of 
1 -menaphthylamine, see J. von Braun and K. 
Moldaenke, ibid. 1923, 56 [B], 2165. 

All the nuclear monoamino derivatives of 1- 
methylnaphthalene are known, see Table IV, 
and were obtained by reduction of the corre- 
sponding nitro-oompound, but the 7-amino- 
compound Was obtained in purer form by ami- 
nating the 7-hydroxy-oompound. Attempts to 
methylate naphthylamines in the nucleus have 
failed {see D. H. Hey and E. R. B. Jackson, 
J.C.S. 1936, 1783). 

Reduction of 2:4-dimtro-l-methylnaphthalene 
by hydrogen (platinum black) or by ammonium 
hydrogen stdphide gives 2-mtroA-amino-l- 


Table IV. — Amino Dbeivativbs op 1- 
AND 2-Methylnaphtiialenes. 


Orienta- 

tion. 

M.p. 

(а) Acetyl, 

(б) Benzoyl, 
ni.p. 

Eeferences. 

Me:NH2 

1:2- 

49-50" 

(rt) 188-189° 
(5) 222° 

Veaely et al.. 

Coll. Czech. Chem. 
Comm. 1929, 1, 
493. 

1:3- 

68° ’ 

(a) 172-173° 

Idem, ibid. 

1:4- 

51-52° 

(a) 166-167° 
(&) 238 -230“ 

Lesser, Annalen, 

1914, 402, 1. 

1:5- 

1:6- 

77-78° 

63-64° 

(а) 194-195° 

(б) 173-174° 

(а) 123-124° 

(б) 15.5-156° 

Vesel^ et al., l.c. 

Idem, ibid. 

1:7- 

85-86° 

(a) 157-158° 

Vesel:?’ and Stursa, 
CoU. Czcch.Chem. 
Comm. 1933, 6, 
170. 

1:8- 

67-68° 

(a) 18.3 184° 

(b) 195-196" 

Vcsel^ et al., ibid. 
1929,1, 493. 

2:1- 

32° 

(a) 188° 

(b) 180° 

Lesser, l.c. 

2:4- 

51-52° 

(a) 175-176° 

Vescly and Kapp, 
Cliora. Listy, 

1924, 18, 201, 

244. 

2:5- 

00° 

(a) 100-161° 

Vesclj^ and P5c, 
Coll. Czech. Chem- 
Comm. 1930, 2, 
471. 

2:6- 

129-130° 

(a) 155-156° 

Dziewohski, Schoe- 
n6wna, and Wald- 
inann, Ber. 1925, 
58 [B], 1211. 

2:7- 

105° 

(a) 152° 

Vcscl 3 ?’ and P6c, l.c. 

2:8- 

57-58° 

(a) 181-183° 

(b) 194-195° 

Idem, ibid. 


m^thylnaphthalene, m.p. 131-132° {acetyl, m.p. 
230-231°), but reduction with stannous chloride 
yields also 4t-nitro-2-amino-l-methylnaphthulene, 
m.p. 126-128° {acetyl, m.p. 203-204°, Veseiy 
el (d.. Coll. Czech. Chem. Comm. 1930, 2, 145). 
^•Bromo-2-amino-\-methyl- has m.p. 78° {acetyl, 
m.p. 223-224°) and 2d}romo-4-amino-l-methyU 
naphthalene, m^. 118-119° {^acetyl, m.p. 206-207°). 

Nitration oi 4-acetamido-l-methylnaphtha- 
lene with nitric acid (/> 1-52) in acetic anhydride 
solution gives ^-nitroA-ficetamido-l-inethylimph- 
thalene, m.p. 224-225°, whence Z-nitro-4:-amino- 
l-methylnaphthalene, m.p. 179-180°, is obtained. 
Similar nitration of 6-acetamido-l-methylnaph- 
thalene gives a mixture of 6- and ^-nitro 
derivatives, whence are obtained 6-m>o-6- 
amino~\ -methyl-, m.p. 178-179° {acetyl, m.p. 
245-246°) and S-nitro-b-amino-l-methylriaphtha- 
lene, m.p. 163-164° {acetyl, m.p. 197-i98°). By 
nitrating 8-acetamido-l-methylnaphthalene are 
obtained 5-nitro-S-amino-l-methyt‘, m.p. 162- 
163° {acetyl, m.p. 193-194°), and 7-»iiro-8- 
amino-l-methylnaphthale.ne, m.p. 150-162° {acetyl, 
m.p. 186-187°) (Vesel^ et al, l.c. 1929). 

Sulphonation of 4-amino- 1-methylnaphthalene 
with 100% sulphuric acid, or a mixture of sul- 
phuric and chlorosulphonic acids at temperatures 
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from 100° to 160° gives a mixture of 66% of the 
2- aiui 35% of the 1-mlphonic acid (I.G., B.P. 
462466). 

The following diamino-l-methylnaphthalenes 
have been described : 3:4-diamwO', m.p. 91° 
(Lesser, l.c., Vesel^ et l.c. 1929), 4:6-diammo- 
m.p. 64° (Thompson, Z.c.), and &.Q-diamino-y 
m.p. 161-152° (Veael;;^ et al.y l.c .) ; 2A-diamino-y 
m.p. 93° (Thompson, J.C.S. 1932, 1830); 6:8- 
diamino- (Vesoly et al., l.c.). The diacetyl deriva- 
tive of 2:4’diamino-l-methylnaphthaleney which 
was obtained by Thompson by a synthetic 
method as well as from the diamine from the 
dinitro- compound, has m.p. 303°. 

Hydroxy Derivatives. 

a-Naphthylcarbinol, m.p. 69*5-60°, has been 
prepared by the action of nitrous acid on a- 
naphthylmethylamine (v.8.) and also by the 
action of formaldehyde on a-naphthyl mag- 
nesium bromide (K. Ziegler, Ber. 1921, 64 [B], 
737). 

The following 1-methylnaphthols have been 
described. 

l-Methyl-2-naphthol, obtained by alkali fusion 
of the 2-8ulphonic acid, has m.p. 110° (LG., B.P. 
462645) ; also by reductiion with zinc dust and 
sodium hydroxide of 2:2'-dihydroxy-l il'-dinaph- 
thylmethane (Meister, Lucius, and Briining, G.P. 
161450, 1904; m.p. 112°). It forms a methyl 
ether, m.p. 41-42° (8choU and Neubcrger, 
Monatsh. 1912, 38, 618), acetyl derivative, m.p. 
66°. The latter method was studied by Fries 
and Htibner (Ber. 1906, 89, 435) and improved 
by Bobinson and Wcygand (J.C.S. 1941, 387). 
Fries and Htibner (Z.c.) describe 6-bromo-, m.p. 
129°, and 3:Q-dibromo-l-methyl-2-7iaphthol, m.p. 
180°, and Veseljr et al. {l.c. 1930) 4:-bromo-l- 
methyl~2-naphtholf m.p. 108-109°. 

l-Methyl-2-naphthol is also obtained when 
/8-naphthylamine hydrochloride is heated with 
4 mol. proportions of methyl alcohol at 240-250° 
(Hey and Jackson, J.C.S. 1936, 1783). 

The halogenation of 1 -methyl-2-naphthol has 
been studied. Bromination proceeds normally 
in acetic acid solution (Fries and Htibner, l.c.) 
but chlorination, as with jS-naphthol, pursues a 
different course, giving first l-chloro-l-methyl-2- 
'k.eto-l:2~dihydronaphihalene and then, by addi- 
tion of chlorine, l:3:4:-trichloro-l-fnethyl-2~keto- 
l:2:ZA-tetrahydronaphthalene, m.p. 78°. In the 
course of this work S-chloro-, m.p. 60°, and 
3A-dichloroA-methyl~2’naphthol, m.p. 132°, were 
prepared (Fries and Herapelmann, Ber. 1908, 
41 , 2614). 4-Chloro-l-methyl-2-naphthol, m.p. 
101°, was obtained by Fries {ibid. 1921, 64 [B], 
2928) from l-chloro-l-methyl-2-ketodihydro- 
naphthalene (c/. Fries and Engel, Annalen, 
1924, 489 , 232). 

The action of nitrous acid on l-methyl-2- 
naphthol presents interesting features. Accord- 
ing to conditions there may be obtained 1:2- 
methylnaphthaquinonitrole, m.p. 60° (I), which 
when warmed with acetic acid gives l:2-methyl- 
naphtha-0-quinol, m.p. 89° (II) ; or l;2-naphtha- 
methylenequinone, m.p. 132° (III) (Fries and 
Htibner, lx.). The last compound was also 
obtained, m.p. 133-134°, by Pummerer and 
Cherbuliez (Ber. 1914, 47 , 2967) by oxidising 


l-methyl-2-naphthol with alkaline ferricyanide 
or with ferric chloride; on both physical and 
chemical grounds they rejected formula III for 
the compound (which they called dehydro- 1- 





methyl-2-naphthol), and Pummerer later con- 
cluded that its most probable structure is (IV) 
{ibid. 1919, 62 [Bj, 1403). 



1-Methyl-S-naphthol, m.p. 81-82°, was ob- 
tained by Vesel;f et al. {l.c. 1929) from 1-methyl- 
3-naphthylamine, and by Vesel^ and Stursa 
(Coll. Czech. Chem. Comm. 1931, 3, 328) from 
the 3-sulphonic acid. 

Methyl A -naphthol was described by Lesser 
(Annalen, 1914, 402, 1) as having a characteristic 
odour somewhat different from that of a- 
naphthol ; m.p. 84-85°, benzoyl derivative m.p. 
81-82°. It was prepared from l-methyl-4- 
naphthylamine. 2 -Bromo - 1 - methyl - 4 - naphthol 
has m.p. 128-129° (Vesel;^ et al., l.c. 1930). 

l-Methyl-6-naphthol, from the amine, has 
m.p. 97-98° (Vesel^ et al., l.c. 1929 ; cf. Yeself 
and Stursa, Coll. Czech. Chem. Comm. 1931, 
8, 328). 

1-Methyl-Q -naphthol, from the 6-sulphonic 
acid (Dziewonski and Otto, Bull. Acad. Polo- 
naise, 1936, A, 201), first described as the 7- 
naphthol, has m.p. 107-108°. 

1- Methyl-1 -naphthol, m.p. 69-70°, was ob- 
tained by Vesel;^ and Stursa (Coll. Czech. Chem. 
Comm. 1933, 6, 170), by a synthetic method, via 
7 - methoxy - 1 - keto - 1:2:3 A - tetrahydronaph- 
thalene, m.p. 67-68° ; and by I.G. (B.P. 462468) 
from l-methylnaphtlialene-7-sulphonic acid. Its 
methyl ether has m.p. 47-48°. 

Q:l-Dimethoxy-l-methylnapkthalene, m.p. 110- 
111° {picrate, m.p. 116-117°) has been made by 
a synthetic method (Haworth and Mavin, 
J.C.S. 1932, 1486). 
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DERIVATIVES OF 
jS-METHYLNAPHTHALENE. 

Halogeno Derivatives. 

By passing a stream of chlorine into 2 -methyl* 
naphthalene at 240-250°, Schulz (Ber. 1884, 
17, 1529) obtained 2-naphthylmethyl chloride 
{p-menaphthyl chloride)^ m.p. 47°, b.p. ]68°/20 
mm. In a similar manner, brominating at 240°, 
he obtained ^-menaphtkyl bromide^ m.p. 66°, b.p. 
213°/100 mm. Both are highly lachrymatory. 
According to Olivier and Wit (Rec. trav. ehim. 
1938, 57, 90) the best yield of the bromide, 37%, 
is obtained by brominating in the light of a 
Philips “ solar light ” lamp at 230°, and they 
claim that the crude bromide can be distilled 
without appreciable decomposition at 14 mm., 
whilst the pure compound loses hydrogen 
bromide forming a polymer (Cij^Hg)n, the amount 
of decomposition depending on the kind of glass 
used, pyrex glass giving least decomposition. 

J. B. Shoesmith and A. Mackie (J.C.S. 1930, 
1584) prepared l-r/doro-, m.p. 81°, and ^ chloro- 
2-naphthyl7nethyl bromide, m.p. 97°, and studied 
their hydrolysis by aqueous alcohol ; the rates 
were approximately equal. 

The chlorination of 2-mcthyhiaphthalene in 
the cold was studied by Scherler (Ber. 1891, 24, 
3921). By prolonged chlorination he obtained a 
semi-solid product from which was isolated a 
viethylchloronaphthalene tetrachloride, 

m.p. 148°, which when boiled with alcoholic 
potash gave a trichloro-2-methylnaphthalene, 
m.p. 182°, presumably the l:S‘A-trichloro- 
compoimd since it gave phthalic acid on oxida- 
tion. Chlorination in the cold in sunlight gave 
a chlorO‘2-methylnaphthalene, b.p. 169-1 01°/25 
ram., which formed a pier at-e, m.p. 106-107°. 

When 2-methyhiaphthalcne was chlorinated 
in diffused light at 220°, 0. Achraatowicz and 
K. Lindenfeld (Rocz. Chem. 1938, 18, 69) 
obtained a complex mixture from which they 
isolated l-chloro-2-meihyhtaphthalene, b.p. 162- 
164°/30 mill., identical with Scherler’s com- 
pound, 2-naphthylmethyl chloride, 1 chloro-2- 
chloromethylnaphthalene, m.p. 78-79° and 2- 
dichloromethylnaphthalene, m.p. 114-115°. 1- 
Chloro-2-methylnaphthalene is also obtained by 
the action of sulphury! chloride on 2-methyl- 
naphthalene (I.G., B.P. 263844). 

Bromination of 2-methylnaphthalene in car- 
bon disulphide gives a 70% yield of l-5romo-2- 
methylnaphthalene, b.p. 290-295°/760 mm. (pic- 
rate, m.p. 113°) (Mayer and Sieglitz, Ber. 1922, 
56 [B], 1835). From the corresponding amino- 
mothylnaphthalenes Vesely and Kapp (Chem. 
Listy, 1924, 18, 201, 244) prepared 4-6rawm- 
{picrate, m.p. 90-91°), 6-bromo- {picrate, m.p. 
91-92°) and Mronio-2-rriethylTmphthalerie {picrate, 
m.p. 99-100°). 

Nitro Derivatives. 

2-Methylnaphthalene is readily nitrated, the 
principal mono -nitration product being l-nitro^ 
2*methylnaphthalene, m.p. 81° (Schulz, l.c., 
Xresser, l.c., and other authors). According to 
Vesel^ and Kapp (Chem. Listy, 1924, 18, 201, 
2^), three other nitro-oompounds are formed at 


the same time, namely, the 4-, 6-, and 8-nitro 
derivatives. When the crude product was 
reduced by alcoholic ammonium sulphide the 1- 
nitro-compound remained unatta<;ked, and the 
amines formed were separated and identified by 
means of their acetyl or benzoyl derivatives. 
4:-Nitro-2-methyhiaphthale7ie, m.p. 49-50°, was 
prepared from 4-nitro- 1 -amino-2 methylnaph- 
thalene. The following were prepared in a 
similar manner from nitroaminos by Vesel^ and 
Pri5 (Coll. Czech. Chem. Comm. 1930, 2, 471) : 
^•nitro, m.p. 61-62°; i)-nitro-, m.p. 119°; 7- 
nilro-, m.p. 105°; and H-nitro-2-methylnaphtha- 
lene, m.p. 36-38°. Vesely and Kapp {l.c.) pre- 
pared 5-bromo-\ -nitro-, m.p. 94°, and l-6romo-4- 
nitro-2-7nethylnaphthalene, m.p. 100-101°, and 
Vesely, Medvedeva, and MuUor {ibid. 1935, 7, 
228) chlorinated l-nitro-2-mcthylnaphthalene in 
the presence of ferric chloride to obtain 8- 
c}iloro-\-nitro-2-7nethylnaphthalene, m.}). 114°. 

The methyi group of l-nitro-2-methylnaphtha- 
lene is so reactive that the compound condenses 
with ethyl oxalate in the presence of potassium 
ethoxide to form ethyl I -nitro-2-naphthyl- 
pyruvaU, and when excess of potassium ethoxide 
is used, ]:i'-dinitro-2:2-di7uiphthyletha7ie, m.p. 
251°, is formed (Wislicenus and Thoma, Aimalen, 
1924, 436, 62). 

By nitrating 2-methyliiaphthaleiie-l -sulphonyl 
chloride, Vesely and Pa6 {l.c. 1930) obtained a 
mixture from which were separated H-nitro-, 
m.p. 145°, and 5-nitro-2-7nethyL7Uiphthalene-l- 
sidphonyl chloride, m.p. 84-85°. These when 
reduced to sulphinic acids and hydrolysed with 
60% sulphuric acid gave the corresponding 
nUro-2-77Lethyl7iaphthaleneit. 

Dinitration of 2-methylnaphthalene gives at 
least two products, the liH-dhiitro, m.p. 209°, 
and l:5-dmilro-2-methyl7iaphthcdene, m.p. 134°; 
they were also obtained by nitrating respectively 
8- and 5-nitro-2-methylnaphthaleneH (Vesely 
and Kapp, l.c. ; Vesely and Pa6, l.c.). 8-Chloro- 
5:7-diniiro-2-77iethijl7iaphthalene has been pre- 
pared by Vesely and Medvedeva (Coll. Czech. 
Chem. Comm. 1931, 3, 440). 

Sulphonic Acids. 

Sulphonation of 2-methyhiaphthalene may 
give the 6-, 7-, or a mixture of the 8- and 1- 
sulphonic acids according to conditions. Using 
concentrated sulphuric acid, p 1-84, in slight 
excess at 90-100° for 5-6 hours, Dziewoiliski, 
Schoenowna, and Waldmann (Ber. 1925, 68 [B], 
1211) obtained an 80% yield of 2-7nethyl- 
naphthalene-Q -sulphonic acid, isolated as the 
barium salt {sulphonyl chloride, m.p. 97-98°, 
sulphonamide, m.p. 205-206°, ethyl ester, m.p. 
79-80°). By sulphonating with 1 mol. propor- 
tion of chlorosulphonic acid in nitrobenzene 
solution at 30-40°, Dziewoiiski and Wulffsohn 
(Bull. Acad. Polonaise, 1929, A, 143) obtained 
2-methylnaphthalene-S-sulphonic acid {chloride, 
m.p. 94-96°, amide, m.p. 172-174° or 196-196°; 
anilide, m.p. 162-164°), whilst Veselj^ and PA5, 
using chlorosulphonic acid at —6° (CoU. Czech. 
Chem. Comm. 1930, 2, 471) obtained, besides 
the 8-8ulphonic acid, a smaller quantity of 
2-methylnaphihalene-l~8ulphonic acid; the svd- 
i phonyl chloride has m.p. 83-85°, amide, m.p. 
124°. 
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According to Shreve and Lux (Ind. Eng. Chem. 
1943, 85, 306), the sulphonic acid obtained by 
sulphonating with 93% sulphuric acid depends 
on the temperature. At 40° the product is 
mainly the ^-sulphonic acid (76% yield), at 90- 
100° the ^-sulphonic acid (90% yield), and above 
160° the 1 -sulphonic acid {chloride^ m.p. 63-64° ; 
amidcy m.p. 163-164°). 

Amino Derivatives. 

The properties of the six known amino-2- 
methylnaphthalenes are included in Table IV ; 
they are usually prepared by reduction of the 
nitro- compounds with iron and acetic acid 
though the 6-amino-compound is obtained from 
6-hydroxy-2-methylnaphthalene by the action 
of ammonia and ammonium sulphite at 160°. 
When the reduction is carried out with tin and 
hydrochloric acid, however, halogenation may 
also occur; thus l-nitro-2-methylnaphthalene 
under these conditions gives 4-chloro-\-amino-2- 
methylnaphthalene, m.p. 65° {acetyl derivative, 
m.p. 206° ; benzoyly m.p. 236-237°) (Lesser, 
Annalen, 1913, 402, 1). S-Chloro-l-ainino-2- 
methyluaphthalene {acetyly m.p. 214-216°) ob- 
tained by reduction of the nitro- compound has 
m.p. 89°. 6-Bromo-l-amino-2-methylnaphtha- 
lene has m.p. 63-55°. l-Amino-2-inethyl- 
naphthalene-4 -sulphonic acid was prepared by 
H. E. Fierz-David and E. Mannhart. (Helv. 
Chim. Acta, 1937, 20, 1024) and compared with 
naphthionic acid as an azo-dye component. 

The diazo-compounds from l-amino-2-mothyl- 
naphthalenes show abnormal behaviour, dixe to 
internal reaction between the diazo and methyl 
groups. Thus 8-chloro-l-amino-2-methylnaph- 
thalene gives, when its diazo derivative is boiled 
with ethyl alcohol, ^-chloro-[a-'\naphihindazoley 
m.p. 169°, 



and 4-nitro-l-amino-2-methylnaphthalene is 
similarly converted into b-nitro-[a-]'naphthin- 
dazoUy m.p. 304-305°. The nitroso derivative 
of l-acetamido-2-methylnaphthalene gives [a-J- 
naphthindazohy m.p. 158°, when cautiously 
heated (Vesely, Medvedeva, and Muller, lx.). 

Bromination of l-acetamido-2-methylnaph- 
thalene has been studied by Shoesmith and 
Eubli (J.C.S. 1927, 3103) who obtained a poor 
yield of 4-bromo-l-amino-2-methylnaphthaleney 
m.p. 82° {acetyly m.p. 223°). 

5-Bromo- has m.p. 63*5° {acetyly m.p. 184-185°) 
and S-bromo-l-amino-2-methylnaphtfuileney m.p. 
84-85° (Vesel^ and Kapp, l.c.). 

Fries and Lohmann (Ber. 1921, 64 [B], 2912) 
showed that l-amino-2-methylnaphthalene sul- 
phate is oxidised by perhydrol to 2-methyl- 
[a-]naphthaquinone or, by slow addition of the 
perhydrol, to 4:4'-diamino-3;3'-dimethyl-l:l'- 
dinaphthyl, m.p. 213°. 

Nitro-Amines and Dlanr)ines. 

Some nitroamino derivatives of 2-methyl- 
naphthalene have been described by Veselj^ 


and Pi6 (Coll. Czech. Chem. Comm. 1930, 2, 
471). From the nitration of 8-acetamido-2- 
methylnaphthalene at 0° in glacial acetic acid 
they were able to obtain 5-nitro-S-amino-2- 
methylnaphthalency m.p. 183° {acetyly m.p. 229- 
230°) and l-nitro-S-amino-2-methyliiaphthaleney 
m.p. 185° {acetyly m.p. 219-220°). li^-Diamiuo- 
2-methylnaphthaleney m.p. 80-81°, gives a 
phenanthrazinCy m.p. 295°. Similarly were pre- 
pared, from 5-acetamido-2-mcthylnaphthalene, 
Q-niiro-b-amino-y m.p. 171° {acetyly m.p. 210- 
211°) and S-nitro-5-amino-2-methylnaphthaleney 
m.p. 167-169° {acetyly m.p. 202°). 

By nitration of l-acetamido-2-methylnaphtha- 
lene, Vesely and Kapp (Chem. Listy, 1924, 18, 
201, 244; Kec. trav. chim. 1925, 44, 360) ob- 
tained the acetyl derivative, m.p. 240-241°, of 
4-nitro-l-ami7io-2-methylnaphthaleney m.p. 184- 
185°, reduced to h4-diamino-2-methylnaphtha- 
lenCy m.p. 111-113°. By reduction of l:5-dinitro- 
2-methylnaphthalene they obtained 1-nitro-b- 
amino-2-methylnaphthaleney m.p. ] 34-135° {acetyl, 
m.p. 192°), and l:5-diamino-2-7nethylnaphthaleney 
m.p. 125-128°. They also obtained 5-nitro-l- 
amino-2-7mthylnaphihaleney m.p. 136-1 38° (ace^y?, 
m.p. 221-223°), by the action of concentrated 
sulphuric acid on 2- methyl- 1-naphthylamine 
nitrate. 

According to F. Giral (Anal. Fis. Quim. 1933, 
31, 861), l:5-diamino-2-rnethylnaphthaleve has 
m.p. 136° {diacetyly m.p. 202°), and l:S-dia7nino-2- 
methylnaphthaleney obtamed by reduction of the 
l:8-dinitro-compound in aqueous suspension 
with phosphorus and iodine, m.p. 63° {diacetyly 
m.p. 136°). 

Hydroxy Derivatives. 

Several of the seven possible hydroxy deriva- 
tives of 2-methylnaphthalene are known. Fittig 
and Liebmann (Ber. 1887, 20, 3182) by con- 
densing benzaldehyde with methylsuccinic acid 
obtained two lactonic acids which by dry distil- 
lation gave two naphthols, m.p. 89° and 92° 
respectively, one of which should be 1- and the 
other 4 - hydroxy - 2 - methylnaphthalene. 2 - 
Methyl-l-naphtholy however, has m.p. 61°, ac- 
cording to Lesser (Annalen, 1914, 402, 1) who 
prepared it from 2-5methyl- 1-naphthylamine by 
the diazo-reaction. It is very sensitive to 
oxidation and was prepared in an atmosphere of 
carbon dioxide. Fries and Lohmann (Ber. 
1921, 64 [B], 2912) studied the oxidation of 4- 
chloro-2-meihyl-l-naphtholy m.p. 104*5° {acetate, 
m.p. 87°), obtained by reduction of l-keto-2- 
methyl - 2:3:4:4 - tetrachlorotetrahydronaphtha- 
lene ; it is readily converted by oxidising agents 
into 2-methyl-[a-]naphthaquinone. Lesser ob- 
tained 4:4' - dihydroxy - 3:3' - dimethyl - 1:1' - 
(finaphthyl, m.p. 236° (decomp.), as a by-product 
in the preparation of 2-methyl- 1-naphthol. 

6- Hydroxy-2-7nethylnap?Uhalene was obtained 
by Bziewo^ki et al. {ibid. 1926, 68 [B], 1211) 
from the 6-8ulphonic acid ; it has m.p. 128-129°, 
{methyl ether, m.p. 78-79°). It forms a S-nitroso 
derivative, m.p, 119-120°, oxidised to the 6- 
nitro derivative, m.p. 81-82°, which on reduction 
gives 5-amino-t^-hydroxy-2-methylnapMhjhnei 
m.p, 165-167° (decomp.). 

7- Hydroxy-2-methylnaphthdlene has m.p. 101- 
102° (Shreve and Lux, l.c.). 



NAPHTHALENE. 


399 


%-Hydroxy-2-inethylnaphthalene, m.p. 109°, was 
first obtained by KrollpfeifFer and Schafer {ibid. 
1923, 66 [B], 620) from 7 -methyl- 1-ketotetra- 
hydronaphthalene, which was brominatod to the 
2-bromo- derivative, which on heating with 
diethylaniline gave the desired product {cf. 
Ruzicka and Waldmann, Helv. Ohim. Acta, 
1932, 16, 907). The compound has also been 
prepared from ^-methyJnaphthalene-8-suIphonic 
acid (Dziewohski and Wulffsohn, l.c.). Vescl;^ 
and Medvedeva have described ty.l -dinitro-2~ 
methyl-S-naphtholy m.p. 16()-166*5° (Coll. Czech. 
Chem. Coram. 1931, 3, 400). l-Amino-2-riiethyl- 
S-TMphthol was prepared by F. Giral (Anal. Fis. 
Qufin. 1933, 31, 861) by the action of boiling 
aqueous sodium hydrogen sulphite on 1:8- 
dinitro - 2 - methy Inaph thalene . 

I'A- Dihydroxy -2-methylnaphthalene, m.p. 160° 
{diacetate^ m.p. 113°), was obtained by reduction 
of 2-methyl-a-naphthaquinone by Fries and 
Lohmann {L.c.). Its 3-chloro- {diacetate, m.p. 
194°) and 3-bromo- {diacetate, m.p. 209°) deriva- 
tives wore also described. For some other 
derivatives, see F. Giral {l.c.). 

2-Methyl naphthaqui nones. 

2-Methyl-[a-]naphthaquinone (2-methyl- 1:4- 
naphthaquinonc) has special biological interest 
in that it and many of its derivatives show the 
anti-hcemorrhagic proi>ertie8 of Vitamin- A” (?>. 
Vol. VII, 87a). It is formed by the oxidation of 
many 1- and 1 :4-substituted 2-methyl-naphtha- 
lenes. Thus Fries and Lohmann {l.c.) obtained 
it in good yield by oxidising 4-chloro-2-methyl- 

1- naphthol with ferric chloride, hydrogen 
peroxide, chlorine or nitrous a(ud, although 
[a-]naphthaquinone is not obtained similarly 
from 4-chloro- 1 -naphthol. They also obtained it 
in good yield by oxidising 2 -methyl- 1 -naphthyl- 
amine sulphate with hydrogen peroxide, and 
Vesel^ and Kapp (Chem. Listy, 1924, 18, 201, 
244) obtained it by oxidising 2-methyl-l:4- 
naphthylenediamine. 2 - Methyl - {a~]iiaphtha - 
quinone forms long yellow needles, m.p. 104°. 
By the action of calcium hypochlorite it yields 
the 2:3-oxide, m.p. 102°, converted by warm 
dilute sulphuric acid into 3-hydroxy -2-nfiethyl- 
[a-]naphthaquivone,, m.p. 172°, reduced and 
acetylated to l:3A-triacetoxy-2-methyl7iaphtha- 
lene, m.p, 130° (J. Madinaveitia, Anal. Fis. 
Quim. 1933, 31, 750). G. N. Gheorghiu (Bull. 
Soc. chim. 1939, [v], 6 , 493) gives m.p. 146-148° 
for this compound. Chlorine converts 2- methy 1- 
[a-]naphthaquinono into 2'.3-dichloro-\A-diketo~ 

2- methyltetrahydronaphthale'ne, m.p. 45*6°, con- 
verted by hot concentrated sulphuric acid into 

3- chloro-2-methyl-[a-]naphthaqui7ione, m.p. 153° 

(Fries and Lohmann, l.c.). The properties of 
2-methyl-[a-]naphthaquinone have also been 
studied by Madinaveitia and de Buruaga 
(Anal. FIs. Quim. 1929, 27, 647) who obtained it 
by oxidising 2-methylnaphthalene with chromic 
acid in acetic acid and give m.p. 106°. They 
consider that is probably 5-hydroxy-3- 

methyl-[a-]naphthaquinone. 

The name menadione ” has been adopted 
by the American Medical Association for 2- 
methyl-[o-]naphthaquinone. It forms an addi- 
tion compound with 1 mol. of sodium bisulphite, 
but when heated for a long period with sodium 


bisulphite solution it gives 2-methyl-[a-]rMphtha- 
quinone-3-8ulphonic acid which can be isolated 
as the potassium salt (Menotti, J. Amer, Chem. 
Soc. 1943, 65, 1209; Bochvar et al., ibid., 

p. 2162). 

2-Methyl-[a-]naphthaquinono can be alkylated 
in the 3 -position by heating with a lead tetra- 
ester in acetic acid solution in presence of a 
“ promoter,” of which malonic acid is one. The 
reaction can be explained by loss of carbon 
dioxide from the acid radical and attack by the 
remaining alkyl radical. Thus using lead tetra- 
acetate (or even rod lead in acetic acid) 2:3- 
dimethyl-[a-]naphthaqwinone, m.p. 126-5-127-5°, 
is formed, and with lead tetrapropionate, 2- 
methyl-3-ethyl-[a-]naphthaquinone, m.p. 73° (L. F. 
Fieser and F. C. Chang, ibid. 1942, 64, 2043). 
Similar alkylations can be accomplished with 
diacyl peroxides (L. F. Fieser and A. E. Oxford, 
ibid. 1942, 64, 2060). 

2-Methylnaphthalene-5:Q-quinone (6 - methyl - 
[P-]naphthaquinone) was obtained by DziewoAski 
et al. (Ber. 1925, 68 [B], 1211) by oxidising 5- 
amino-2-methyl-6-naphthol ; it has m.p. 131- 
132°. 

Phthiocol. the pigment of the human tubercle 
bacillus, is 3-hydroxy-2-mothyl-[a-]naphtha- 
quinone, m.p. 173-174°. It can bo synthesised 
by oxidation of 2-methylnaphthalene {see. R. J. 
Anderson and M. S. Newman, J. Biol. Chem. 
1933, 103, 197, 405, 733; R. J. Anderson and 
M. M. Creighton, ibid. 1939, 130, 429; L. F. 
Fieser, ibid. 1940, 138, 391). 

Acyl Derivatives. 

2-Methylnaphthalene is attacked by acylating 
agents in presence of aluminium chloride mainly 
in the 6-position, less in the S-position. Thus 
DzeiwoAski and Brand (Rocz. Chem. 1932, 12, 
693) obtained ti-acetyl-, m.p. 70-71°, 3-acetyl-, 
b.p. 176-180°/14 mm., and 3:8-diacetyl-2-methyl- 
naphthahne, m.p. 127-128° {cf. G. A. R. Kon 
and W. T. Weller, J.C.S. 1939, 792). Using 
propionyl chloride, R. D. Haworth and F. M. 
Bolem (J.C.S. 1932, 2248) obtained 3-prapionyl- 
2-methylnaphthalene, m.p. 61-62°. Succinic an- 
hydride also condenses in the 6-po8ition (R. D. 
Haworth, B. M. Letsky, and C. R. Mavin, ibid., 
p. 1784). From the acyl derivatives are obtained 
2-methyl-3-, m.p. 229-230°, and 3-naphthoic acid, 
m.p. 147°. 2- Methyl-l -naphthoic acid, m.p. 

126-127°, has been prepared by Mayer and Sieg- 
litz (Ber. 1922, 55 [Bj, 1851) and several other 
workers . 1 -Benzoyl - 2 - methylnaphthalene, from 
the naphthoyl chloride and benzene with 
aluminium chloride, has m.p. 74°. 2-Methyl-l- 
naphthonitrile has m.p. 87-88° (R. C. Fuson et al., 
J. Amer. Chem. Soc. 1941, 63, 2648). 

ETHYLNAPHTHALENES. 

The ethylation of naphthalene by means of 
ethylene in presence of a phosphoric acid 
catalyst at 250-300° has been observed by B. W. 
Malishev {ibid. 1935, 67, 883) and by V. N. 
Ipatieff, H. Pinos, and V. I. Komarewsky (Ind. 
Eng. Chem. 1936, 28, 222) but no individual 
compounds were isolated from the mixed pro- 
duct. The condensation of ethylene with 
naphthalene in the presence of aluminium 
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chloride to give mono- and poly-ethylnaphtha- 
lenes is described by I.G. (B.P. 265601). Milli- 
gan and Reid obtained an ethylnaphthalene by 
warming naphthalene with diethylbenzeno and 
aluminium chloride (J. Amer. Chem. Soc. 1922, 
44, 206). 

a- Ethylnaphthalene was prepared by 
Fittig and Remsen (Annalen, 1870, 155, 118) 
from a- bromonaphthalene, ethyl bromide, and 
sodium but their product did not solidify. By 
catalytic reduction of 1-acetylnaphthalene, G. 
Levy (Compt. rend. 1931, 193, 174) obtained a 
purer product,, m.p. 15° {see Table V). 


By nitration of 1 -ethylnaphthalene in acetic 
acid at 3-10°, L4vy (Compt. rend. 1935, 201, 
900) obtained a mixed product from which, after 
reduction, he isolated 4t-ethyl-a’naphthylamine 
as an oil {acetyl^ m.p. 148-5°) the sulphate of 
which was converted by 1% sulphuric acid at 
900° into 4:-ethyUa-7iaphthol, m.p. 42°, which he 
had previously synthesised {ibid. 1933, 197, 772). 
Baddar and Warren (J.C.8. 1938, 401), give 151° 
as the m.p. of 4-ethyl-acet-a-naphthalido. L6vy 
also studied the hydrogenation of 1 -ethylnaph- 
thalene (Compt. rend. 1931, 193, 174). l-Ethyl- 
2-naphlhol has m.p. 105° (K. Dziewohski and 


Table V. — Ethylnapiithai.enbs. 


Orienta- 

tion. 


M.p. 

Pieratt*, m.p. 

Source. 

lleference. 

1 -Ethyl 

251-252^ 

Below 14" 


a - Bromonaphtha- 

Eittig and Keinscn, 




lene, Na and 

Annalen, 1870, 155, 





EtBr. 

118. 


256-57750 inm. 

15" 

08-5" 

1 -Acety Inaphtha- 

G. Lt'jvy, Compt. rend. 




lene. 

1931, 193, 174. 


112-11679 mm. 



1 - Acety Inaphtha- 

Erdschl and Harlass, 




lene. 

Monatsh. 1932, 59, 
275. 

2-Ethyl 



69" 

^ - .Bromonaphtha- 

Brunei, Ber. 1884, 17, 





lene, Na and 
EtBr. 

1179. 


117-118710 mm. 


72-73" 

Synthesis. 

Barbot, Bull. Soc. chim. 




1930, [iv], 47, 1314. 


2527760 mm. 


72" 

Coal tar. 

Kruber and Schade, 





Ber. 1936, 69 [BJ, 
1722. 



170-172750 mm. 


72" 

2:2-lliethyltctralin. 

Sengupta, J. pr. Chem. 






1938, [iij, 151, 96. 


257-2587760 mm. 

-7 to "6-5° 

76-5-77" 

2 - Acetylnaphtha- 

Levy, Ann. Chim. 1938, 




lene. 

[xi], 9, 6. 


C. Dragan, Bull. Acad. Polonaise, 1934, A, 
398). 

1 - V inylnaphthalene is formed by the action of 
hot potassium hydroxide on 1 -jS-hydroxycthyl- 
naphthalene at a low pressure. It boils at 126- 
128°/ 15 mm. with resinification, and forms a 
picratet m.p. 101-102° (W. Palfray, S. Sabetay, 
and 1). Sontag, Compt. rend. 1932, 194, 2065). 
2-V inylnaphthalene has b.p. 135-137°/18 mm., 
m.p. 66° (D. Sontag, ibid. 1933, 197, 1130). 
The use of 1- and 2-vinylnaphthalene8 for the 
preparation of resins suitable for lacquers has 
been claimed (I.C.I., B.P. 355032; cf. M, M. 
Koton, J. Gen. Chem. Russ. 1939, 9, 1626). 

jS- Ethyl naphthalene was prepared by 
Brunei (Ber. 1884, 17, 1179) by the method of 
Fittig from )3- bromonaphthalene, ethyl bromide, 
and sodium, and also by the action of ethyl 
bromide on naphthalene in presence of alumin- 
ium chloride, a method also used by Marchetti 
(Gazzetta, 1881, 11, 265, 439). It is probable, 
however, that the product obtained by the 
latter method contained the a-isomer. More 
recently L4vy has obtained a product which, 
from its melting-point and that of its picrate, 
appears to be purer than that obtained by the 
earlier workers {see Table V). He prepared 2- 
acetylnaphthalene by the Friedel-Crafts process, 
using nitrobenzene as solvent, and reduced this 
with hydrogen and a nickel-pumice catalyst. 
Barbot prepared 2-ethylnaphthalene by dehydro- 
genating 2-ethyl-6:6:7:8-tetrahydronaphthalene 
with sulphur (Bull. Soc. chim. 1930, [iv], 47, 1314). 


2 -Ethylnaphthalene was separated as its 
picrate by Kruber and Schade {see Table) from 
a coal-tar fraction, b.p. 250-264°. 

Substitution products of 2-ethylnaphthalene 
have been described in a series of papers by 
G. L6vy (Compt. rend. 1932, 194, 1749, 1962 ; 
195, 801 ; 1936, 202, 1679; 203, 337) and most 
of his work is summarised in a later paper (Ann. 
Chim. 1938, [xi], 9, 5). Nitration in acetic acid 
at 3-10° gives the l-m7ro-, m.p. 49-5-60°, and 
the 8- compound, not obtained pure, which 
were reduced to the 2-awiiio-, m.p. 25-28° 
{acetyl, m.p. 166-5°), and the 8-amiwo- compound 
{acetyl, m.p. 148-5-149°). 

Sulphonation of 2-ethylnaphthaleno with con- 
centrated sulphuric acid at 95° gives the ^-sul- 
phonic acid {chloride, m.p. 66-65*5° ; amide, 
m.p. 190-191°) characterised by conversion into 
2-ethyl-Q-naphthol, m.p. 97-98° {methyl ether, 
m.p. 58°), which was also synthesised from y-p- 
methoxy benzyl- w- valeric acid. Other ethyl- 
naphthols described by L6vy are 2-ef%M- 
naphthol, m.p. 69-6-70°, from the 1 -amine and 
also by synthesis ; 2-ethyU^-naphthol, m.p. 60*6- 
61°, by synthesis; 2-elhyl-l ‘methoxynaphthalene, 
m.p. 61-62° ; and 2-ethyl-S-naphthol, m.p. 
66-6-67°, from the amine and by synthesis. 

P‘Naphthylethyl alcohol, m.p. 67*6-68°, is ob- 
tained from )3-naphthyl magnesium bromide. 
When heated with potassium hydroxide it gives 
2-vinylnaphthalene, m.p. 66°, b.p. 136-137° 
(B. Sontag, Compt. rend. 1933, 197, 1130). 

Oxidation of 2-ethylnaphthalene with chromic- 
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acetic acid gives 2-ethyl-\^a-']na'phthaquinoney 
m.p. 88° (Kruber and Schade, Ber. 1936, 69 
[B], 1722). 

According to R. Kuhn and K. WaUenfels 
{ibid. 1939, 72 [B], 1407), the sea urchin Arbacia 
•pustulosa secretes a substance, Echiriochrome A, 
to attract the spermatozoa ; this is a quinone 
derived from heptahydroxy-2-ethylnaphthalene. 

PROPYLNAPHTHALENES. 

The two w-propylnaphthalenes were prepared 
by Bargellini and Melacini (Atti. R. Accad. 
Lincei, 1908, [v], 17, 26) by reducing a- and B- 
propionylnaphthalenes, and they recorded the 
melting-point of the picrates as a-, 141-142°; 

90-92°. Roblin, Davidson, and Bogert (lx.) 
prepared l-n-propylnaphthcUene by dehydro- 
genating 5-propyltetralin, and obtained from 
it a picratCf m.p. 91-92°’ They then repeated 
Bargellini and Melacini’s preparation from a- 
propionyhiaphthalene, reducing the ketone by 
the Clemmensen process, and again obtained 
l'»-propylnaphthalene picrate, m.p. 92°. It 
would therefore appear that the melting-points 
recorded by Bargellini and Melacini should be 
interchanged. 

Direct introduction of propyl groups into 
naphthalene using a propyl-compound and a 
catalyst proceeds with considerable ease. 
Whether a w-propyl or isopropyl- compound is 
used as reagent, the product is an wopropylated 
naphthalene, although there may bo some %- 
propyl, derivative present (^ee Haworth, Lotsky, 
and Mavin, J.C.S. 1932, 1784). Moreover, sub- 
stitution occurs mainly in the j3-position of 
naphthalene. 

H. Meyer and K. Bemhauer (Monatsh. 1929, 
63-64, 741) studied the reaction between 
naphthalene and isopropyl alcohol in 80% sul- 
phuric acid at about 80°. After removal of the 
sulphonic groups from the product, the hydro- 
carbons were fractionated into mono-, di-, tri-, 
and tetra-isopropylnaphthalenes. The mono- 
was mainly with some a- ; the di- contained 
2:6-, 2:7-, and 1:6- (m.p. 62°) di-isopropyl- 
naphthalene ; there was some tri-, and a tetra- 
isopropylnaphthalene, m.p. 127°. The same 
tetra derivative was obtained by I.G. (B.P. 
316951) by condensing propylene with naphtha- 
lene in contact with fuller’s earth at 120-180°, 
and also by passing propylene into naphthalene 
containing aluminium chloride at 80° (B.P. 
295990) ; Calcott, Tinker, and Weinmayr 
(J. Amer. Chem. Soc. 1939, 61, 1010) obtained it 
using hydrogen fluoride as condensing agent. 
Tsukerwanilc and Terentieva (J. Gen. Chem. 
Russ. 1937, 7, 637), by the action of isopropyl 
alcohol on naphthalene in ligroin in the presence 
of aluminium chloride on a water bath, obtained 
a mixture containing 32*6% of )3-, 16*4% of di-, 
and 10-7% of tri-isopropylnaphthalenes. They 
state that any a-compound present is changed 
into j8- during distillation. 

Condensation of a-naphthol with propionic 
acid-zinc chloride, followed by Clemmensen 
reduction, gives 2~n’propyl-hnaphtholf m.p. 113° 
(Desai and Warawdekar, Proo. Indian Acad. 
Soi. 1941, 18, A, 33, 39). R. W. Stoughton, 
however, gives m.p. 61-62° for this compound 
(J. Amer. Chem. Soc. 1935, 67, 294). 

VoL. Vm.— 26 


2-n-PropyU[a-]naphthaquinone, m.p. 39-39*5°, 
has been prepared by Fieser, Campbell, and Fry 
{ibid. 1939, 61, 2213). 

a-iBoPropylnaphthalene was prepared by Her- 
zenberg and von Winterfeld (Ber, 1931, 64 [B], 
1043) from 1-acetylnaphthalene and methyl 
magnesium iodide ; it had b.p. 132-134°/10 mm., 
picrate, m.p. 85-86°. J. W. Cook (J.C.S. 1932, 
466) prepared it in a similar manner from ethyl 
a-naphthoate, and gave b.p. 263-264°/760 mm., 
picrate, m.p. 83*5-86°. The intermediately 
formed l-^sopropenylnaphthaleiie gave & picrate, 
m.p. 88-89° (c/. Grignard, Bull. Soc. chim. 1901, 
[hi], 26, 498, who gave m.p. 91°). When treated 
with acids, the isoproponyl-compound forms a 
dimeride, m.p. 198*5-199*5°. \-a-Ilydroxy'mo- 
propylnaphthalene has m.p. 96°. Roblin, David- 
son, and Bogert (/.c.) also prepared 1 -isopropyl- 
naphthalene by dehydrogenating 6 -isopropyl - 
tetralin. 

1- moPropylnaphthaleneA-sulphonLC acid forms 
an aniline salt, m.p. 190° (decomp.) ; and may 
be converted into \-iQopropylA-7iaphthol, m.p. 
72° (Meyer and Bernhauer, l.c.). 

2- moPropylnaphihalene has been obtained by 
a number of different methods. R. D. Haworth, 
Letsky, and Mavin {Lx.) used two methods ; 
they condensed isopropyl bromide with naph- 
thalene in presence of aluminium chloride, and 
also used the Grignard method starting from 
2-acetylnaphthalene. Both methods gave a 
product 01 b.p. 130-135°/12 mm., picrate, m.p. 
93-95°. By the first method using /i-propyl 
bromide they obtained a less pure product 
giving a picrate, m.p. 89-90°, which they con- 
sidered contained some 2-'a-propylnaphthalene. 
Ruzicka and Capato (Amialen, 1927, 453, 62), 
using the Grignard method with ethyl )5-naph- 
thoato, obtained aproduct, b.p. 126-127°/12 mm., 
picrate, m.p. 91° ; Barbot (BuU. Soc. chim. 1930, 
[iv], 47, 1314) dehydrogenated 6-isopropyl- 
tetrahn, and obtained a picrate, m.p. 89-90°. 
Cook {l.c.) using the same method as Haworth 
et cU., gives the b.p. 263-265°, m.p. of picrate 
93-95°. Price and Ciskowski obtained j3-tso- 
propylna])hthalene from naphthalene and )9-iso- 
propyl alcohol using boron trifluoride as con- 
densing agent (J. Amer. Chem. Soc. 1938, 60, 
2499). 

Sulphonation of 2-wopropylnaphthalene gives 
the I’Sulphonic acid, m.p. 137° (decomp.) 
{chloride, m.p. 61°; amide, m.p. 140°). When 
naphthalene-2-sulphonio acid and n-propyl 
alcohol are treated with concentrated sulphuric 
acid at 120°, \'.Q-di-\s>opropylnaphthalene-^{ox 
l)‘mlphonic acid is formed {chloride, m.p. 71°; 
amide, m.p. 179-180°) from which a l:6-d^- 
isopropyl-p-naphthol, m.p. 90°, is prepared. 
Similarly naphthalene- 1 -sulphonic acid gives a 
di-wopropylnaphthalenesulphonic acid {chloride, 
m.p. 119°; amide, m.p. 161°) from which a di- 
iBopropylnaphthalene, m.p. 38°, is obtained 
(Meyer and Bemhauer, l.c.). 2-isoPropyM- 
naphthol has m.p. 65-66°. 

For the preparation of isopropylnaphthalene- 
sulphonic acids for use as wetting agents, see 
Badische (G.P. 336668, 1917). “ Nehal BX,” 
the well-known wetting agent, is said to 
be a di-i«opropyl-naphthalenesulphonic acid 
salt. 
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BUTYLNAPHTHALENES. 

1- and 2-n-Butylnaphthalene8 were prepared 
by Bargellini and Melacini (l.c,) by reducing the 
corresponding naphthyl w-propyl ketones ; 1-n- 
hutylTiaphthalene has b.p. 281-283°, picratBy m.p. 
104-106°, and the 2-isomer, b.p. 283-286°, 
picrate, m.p. 73-74°. 

l-sec.-Butylnaphthaleney b.p. 106-107°/2 mm., 
picrate, m.p. 76°, is formed, according to Tsuker- 
vanik and Terentieva, along with di-5ec.-butyl- 
naphthalenes, when naphthalene is condensed 
with tfec.- butyl chloride in the presence of 
aluminium chloride. 

The 1- and 2~i8obutylnaphthalene8 were pre- 
pared by Darzens and Rost (Compt. rend. 1908, 
146, 933) by reducing 1- and 2 -naphthyl iso- 
propyl ketones ; they have b.p. 1 36-138°/! 1 mm. 
and 112-113°/6 mm. respectively. 

Several workers have studied the ^er<.-butyl- 
naphthalenes, and it is impossible to refer to all 
their work. Condensation of naphthalene with 
iso- or ter^.-butyl compounds give teri.-butyl- 
naphthalenes, probably because the active 
agent is in both cases isobutylene. Assuming 
that the naphthalene undergoes jS-substitution, 
it follows that the product obtained by Fieser 
and Price (J. Amer. Chem. Soc. 1936, M, 1841) 
from naphthalene and 1 mol. of ter/.- butyl 
chloride in the presence of a small amount of | 
aluminium chloride is ^-ier^.-butylnaphthalene, 
b.p. 127-131°/9 mm., picratey m.p, 99*5-100-5°. 
Barbot (lx.) obtained a product giving a pi crate 
of almost the same m.p,, 102-103°, by dehydro- 
genating teri.-butyltetralin. Fieser and Price 
also obtained two di-icr^.-butylnaphthalenes, one 
of m.p. 86-90° (picrate, m.p. 166-6-166-6°), the 
other m.p. 146-147°, not forming a picrate.* 
According to Tsukervanik and Terentieva (i.c.), 
ter^.- butyl alcohol with naphthalene and 
aluminium chloride forms both 1- and 2-tert.- 
butylnaphthalene, the melting-point of the 
picrates being 92-93° and 84-86° respectively. 
The products were orientated by oxidation by 
dilute nitric acid at 160-180° to the 1- and 2- 
naphthoic acids. It may provisionally bo 
assumed that their products were not pure. 
They also obtained a di-ter<.- butylnaphthalene, 
m.p. 132° {picratCy m.p. 99°). 

N. K. Bromby, A. T. Peters, and F. M. Rowe 
(J.C.S. 1943, 144) have confirmed the results 
obtained by Fieser and Price. They condensed 
naphthalene with terf.- butyl chloride in the 
■presence of zinc chloride at 96-106°, and ob- 
tained -butylnaphthalene as a colourless, 
steam volatile liquid with a pleasant aromatic 
odour, b.p. 274-278°, picrate, m.p. 100-101*6°. 
It did not form a styphinate. By oxidation with 
chromic acid it gives 2-ter<.-butyl-[a-]naphtha- 
quinone, pale yeflow leaflets from ligroin, m.p. 
76-77°. C. L. Price and J. M. Ciskowski (J. 
Amer. Chem. Soc. 1938, 00, 2499) obtained 
wopropyl- and fl-^r^.-butyl-naphthalene by con- 
densing naphthalene with the corresponding 
alcohol in the presence of boron trifluoride. 

• In later work, Price. Shafer, Huber, and Bernstein 
Obtained, besides the dl-^.-butylnaphthalene, m.p. 
145-146°, a product, m.p. 8CMJ2°, which formed a 
picrate and which, by careful recrystallisation firom 
acetic acid, gave a new di-(er<. -butylnaphthalene, m.p. 
108-104° (J, Org. Chem. 1942, 7, 617). 


Butylnaphthols have been obtained by 
isomerisation of naphthyl n-butyrates followed 
by reduction of the products. l-BviyU2- 
naphthd thus obtained has m.p. 80-81° (Gulati, 
Seth, and Venkataram, J. pr. Chem. 1933, [ii], 
187, 50) and 2-butyl-l-naphtMy m.p. 71-72° 
(Stoughton, J. Amer. Chem. Soc. 1936, 67, 202). 
According to Tschitschibabin, l-ieri.-butyl-2- 
naphthol has m.p. 113° (Bull. Soc. chim. 1936, 
[v], 2, 616). 

The salts of butylnaphthalene sulphonic acids 
in aqueous solution have the properties of 
wetting agents. They are prepared by the 
action of w- butyl alcohol on naphthalene or its 
jS-sulphonic acid in concentrated sulphuric acid 
(B.P. 246817 ; for their use as wetting agents, 
see B.P. 319083; 342399; I.G., G.P. 459606; 
496102), and find application in the textile 
industries and in insecticidal preparations. 

DIMETHYLNAPHTHALENES AND 
THEIR DERIVATIVES. 

In Table II are summarised some constants 
of the diraethylnaphthalenes, the melting-point 
of picrates and styphnates and literature 
references. The word “ synthesis ” in the fifth 
column indicates that the compound has been 
prepared by one of the many syntheses involving 
ring closure of a benzene derivative, usually 
with intermediate formation of a tetralin 
derivative. Some further notes, including refer- 
ence to some of the derivatives which have been 
described, follow. 

(i) 1:2-Dlmethylnaphthalene. — When p- 
methylnaphthalene is treated with trioxy- 
methylene in acetic-hydrochloric acid, 1- 
chloromethyl-2-methylnaphthaleiie, m.p. 65°, is 
obtained, reduced to l:2-dimethylnaphthalene. 
Bromination of l:2-dimethylnaphthalene gives 
the 4-bromo derivative, m.p. 39-40°, and chloro- 
methylation gives the 4-chloromethyl derivative, 
m.p. 70-71° (Hewett, J.C.S. 1940, 299). 

(ii) 1:3-Dimethylnaphthalene. — This com- 
pound was prepared by M. C. Kloetzel starting 
from j3-benzoylpropionic acid ; the same sub- 
stance was used in the synthesis of 1:2- and 1:4- 
dimethylnaphthalenes. 

(iii) 1:4- DImethyInaphthalene, — a- 
Methylnaphthalene with trioxymethylene in 
acetic-hydrochloric acid gives 4-chloromethyl-l‘ 
methylnaphthaleney m.p. 62°, reduced to 1:4- 
dimethylnaphthalene. The nitration of 1:4- 
dimethylnaphthalene was studied by Robinson 
and Thompson {ibid. 1932, 2016), who found 
that, nitrating at a low temperature in acetic 
anhydride and nitromethane, nitration occurs 
in the methyl group giving w^nitro-lA’dimethyU 
napMhaleney m.p. 107° ; an unidentified dinitro- 
compound, m.p. 128°, was also isolated. The 
corresponding a>-at»ino-compound gives an (icetyl 
derivative, m.p. 142° ; W'hydroxyy m.p. 77°, 
cu-6romo-compound, m.p. 80°. 

(iv) 1:6 - Dimethyinaphthalene. — By 
treating naphthalene (I.G., B.P. 345146) or 1- 
chloromethylnaphthalene with formaldehyde 
and hydrochloric acid (Anderson and Short, 
J.C.S. 1933, 485) a mixture of di(chlorom6thyl)- 
naphthalenes is obtained, melting at 130-’140° 
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(I.G.) or 130-145® (Anderson and Short), from 
which the latter authors could not separate an 
individual compound. After reduction with 
zinc and hydrochloric acid, however, they were 
able to isolate from the mixed dimethylnaphtha- 
lenes a sample of pure l:5-dimetbylnaphthalene, 
identical with that prepared by Vesel^ and 
Stursa. 

(v) 1:6 - Dimethylnaphthalene was iso- 
lated by Weissgerber and Kruber from a heavy 
fraction of coal-tar distillate, b.p. 260-265°, by 
cold sulphonation. The sparingly soluble sul- 
phonic acid obtained was crystallised from 33% 
sulphuric acid and the sulphonio group after- 
wards removed by hydrolysis. hQ-Dirmthyl- 
naphthileneA-sulphonamide has m.p, 185°. By 
airline fusion the sulphonic acid gives 1:6- 
dirmthylA-TUiphlhol, m.p. 82°. Dimethyl- a- 
naphthaquiriorie has m.p. 95°. 

5:S-Diacetoxy-hQ-dimethylnaphthalene was ob- 
tained by Hoilbron and Wilkinson (J.C.S. 1930, 
2646) by oxidising l:2:5-trimethyliiaphthalene 
with chromic acid in 80% acetic acid. 

(vi) 1:7 - Dimethylnaphthalene. — This 
compound was obtained by Vesely and Med- 
vedeva by a long process from 6:7-dinitro-2- 
methyl-8-naphthol, which was converted suc- 
cessively into the 8-chloro-compound, the 8- 
malonate, 8-acetate, and finally to 5:7-dinitro- 
2:8 - dimethyl - (=2:4 - diniiro - l:l-dimethyl)naph- 
thalene, m.p. 163-165-6°. By reduction this 
gave 2:4:-diamino-\:l-dimethyl7iaphthalenef m.p. 
114-116°, deaminated by nitrous acid and 
alcohol to 1:7 - dimethylnaphthalene. The 
authors also described 2-7iitro-4:-amino-t m.p. 
151-163°, 2-nitro-f m.p. 56*5-58°, and 2-ami7io- 
l:T -dimethylnaphthalene {acetyl derivative, m.p. 
207-208°) and hi -dimethyl-2-naphthol, m.p. 
138-140°. 

0. Kruber and W. Schade described in detail 
the isolation of l:7-dimethylnaphthalene from 
a coal-tar fraction, b.p. 258-260°, from which 
the l:6-i8omer had b^n previously removed. 
The fraction was treated ten times with one- 
tenth its weight of concentrated sulphuric acid at 
45°. From the fifth to eighth sulphonations was 
isolated l:l-dimethylnaphthalene-4:-sulphonic acid 
(amidty m.p. 204-205°), giving l:7-dimethylnaph- 
thalene by acid hydrolysis, and hi -dimethyl-ii- 
naphthol, m.p, 102°, by alkaline fusion (Ber. 
1936, 69 [B], 1722), 

(vii) 2:3*'Dimethylnaphthalene was first 
discovered in coal tar by Weissgerber (lx.). 
Later Kruber sulphonated a coal-tar oil, b.p. 
265-207°, from which the 1:6-, 2:6-, and 2:7- 
isomers had been removed, and isolated 2:3- 
dimethylnaphthalene-6-sulphonic acid (amidcy 
m.p. 226-229°). By hydrolysis he obtained 2:3- 
dimethylnaphthalene, 6% yield on the starting 
material. He also described 2:Z-dimethyl-^- 
naphthcly m.p. 160°, 2:3-dimethyl-[a-]miphtha- 
quinone, m.p. 127°, and 6:l-dimethyl-[p-] naphtha- 
qmnane, m.p. 146-147°. Q'.l-Dimeihyl-[a-']- 
nafiUha^inone has m.p. 118-119° (Fieser, 
Campbell, and Fry, J. Amer. Chem. Soc. 1939, 
61 , 2206). 

2:d-Diinethylnaphthalene was first synthesised 
fay Sehroeter, Liohtenstadt, and Irieneu and 
shown to be identical with gnaieney a product of 
dry distillation of guaiacum resin. Pyroguaiacin 


is Q-hyd/ro3cy-l-rnethoxy-2:Z-dimethylnaphihale7ie 
(Ber. 1918, 51, 1604). 

Sulphonation of 2:3-dimethylnaphthalene by 
concentrated sulphuric acid at 40-50° or by 
chlorosulphonic acid in carbon tetrachloride 
cold gives mainly the 5-8iUphonic acid (amidcy 
m.p. 206°) and some of the Q-sulphonic acid. 
From the S-sulphonio acid, 2:3 -dimethyl-B- 
naphtholy m.p. 140°, was prepared (E. A. Coulson, 
J.C.S. 1938, 1305). The same autW has studied 
the hydrogenation of 2:3-dimethylnaphthalene. 

2:3-Dimethylnaphthalene condenses with suc- 
cinic anhydride in the presence of aluminium 
chloride to give 2:3-di7nethyl-Q-naphthoylpro- 
pionic acidy m.p. 179-180°, which by fusion with 
potassium hydroxide gives 2:3-dimethyl-Q-naph- 
thoic acid, m.p. 254-256° {methyl ester, m.p. 147- 
148°; R. D. Haworth and F. M. Bolam, ibid. 
1932, 2248). 

(viii) 2:6 - Dimethylnaphthalene. — This 
was obtained from coal tar by Weissgerber and 
Kruber {lx.) by sulphonating at 135-140° the 
same coal-tar fraction from which the l:6-i8omer 
was obtained, and pouring on to ice, when a 
sparingly soluble sulphonic acid separated which 
by hydrolysis gave 2:6-dimethylnaphthalene. 
Three individual sulphonic acids of 2:6-dimethyl- 
naphthalene have been described. Sulphona- 
tion in the cold (Weissgerber and Kruber, lx.) 
or in an indifferent solvent at 50° (I.G., B.P. 
462664) gives the 8-svlphonic acid {chloridcy 
m.p. 107-108°; amide, m.p. 206-207°). Sul- 
phonation with concentrated sulphuric acid at 
135-140°, or at 110° for 14 hours, or heating the 
1 -sulphonic acid with 90% sulphuric acid at 
115-120° for 14 hours (l.G., B.P. 462337) gives 
the 7- (or 3-) sulphonic acid {chloride, m.p. 62-^3°; 
amide, m.p. 265-266°) {cf. Vesely and Stursa, 
Coll. Czech. Chem. Comm. 1932, 4 , 21). By sul- 
phonating for a short time at 110-120° with 
monohydrate, chlorosulphonic acid, or oleum, 
the l-sulphonic acid is said to be formed {chloride, 
m.p. 116-117°; amide, m.p. 124-125°; LG., 
B.P. 461894). By fusing these sulphonic acids 
with alkali the following naphthols are obtained : 
2:Q-dimethyl-3-naphthol, m.p. 105-106° ; -7- 

naphthol, m.p. 174°; -l-naphthol, m.p. 113°. 
However, Vesel;^ and Stursa prepared 2:6- 
dimethyl- l-naphthol from the 1 -amino-com- 
pound, m.p. 91°, of F. Mayer and E. Aiken (Ber. 
1922, 65 [B], 2278) and found m.p. 133°. 

By nitration of 2:6-dimethylnaphthalene, 
Mayer and Aiken obtained the 1-wifro-com- 
pound, m.p. 68°, two dinitro derivatives, m.p. 
179° and 186°, and a trinitro derivative, m.p. 
243°. By nitration of the I -amine, m.p. 91°, 
Vesel;^ and Stursa obtained i-nitro-l-amino- 
2:Q-dimethylnaphthalene, m.p. 194-195° {acetyl, 
m.p. 200°) whence they prepared 4:-nitro-2:d- 
dimethylnaphthalene, m.p. 84-85°, and 4c-amino- 
2:Mimethylnaphthcdene, m.p. 93-49° {acetyl, 
m.p. 207-208°). Numerous other derivatives 
are described by the authors quoted. With 
sulphuryl chloride, 2:6-dimethylnaphthalene 
gives a monochloro, b.p. 293-297°, and a dichloro 
derivative, m.p. 135° (I.G., B.P. 263844). 

2:6~Dimethyl-3{—l)-naphthylamine, m.p. 129° 
{acetyl, m.p. 231°), was prepared by Coulson 
(J.C.S. 1934, 1411) from the corresponding 
naphthol by the Buoherer reaction; he also 
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prepared the Z-naphthonitnUt m.p. 160°, and the 
^-naphthoic acid, m.p. 228° {chloride^ m.p. 79° j* 
anilide, m.p. 238°). 

2:6-jDimethyl-[a-]naphthaquinone has m.p. 
136-137°, and the [j8-]quiiione, m.p. 161-152° 
(Weissgerber and Kruber, l.c.). 

(ix) 2:7 - Dimethyinaphthalene. — De- 
tailed directions for the separation of this 
hydrocarbon, through its sulphonic acid, from 
coal-tar heavy oil, are given by Weissgerber and 
Kruber Sulphonation of the hydrocarbon 

at 100° gives the 3-sulphonic acid {amide, m.p. 
197-198°). 2:T-DimethyU*i-naphthol has m.p. 
171-172°. Coulson {ibid. 1935, 79) converted 
this by the Bucherer reaction into 2:1 -dimethyl- 
3-naphthylamine, m.p. 139° {acetyl, m.p. 207°), 
and into the Z-naphthonitrile, m.p. 145°, and 3- 
naphthoic acid, m.p. 224° {chloride, m.p. 70°; 
anilide, m.p. 207-208°). 

2:l-Dimethyl-[a-]naphthaquinone has m.p. 114- 
116°, and the [p-]quinone, m.p. 152-153° 
(Weissgerber and Kuber, l.c.). 

TRMETHYLNAPHTHALENES. 

The constants of the 14 isomeric trimethyl- 
naphthalenes are given, with references, in 


Table III. All have been synthesised ; for the 
methods used the original papers must be con- 
sulted. Several authors isolated a dimethyl- 
and a trimethyl-naphthalene by dehydro- 
genating sapogonin, amyrin, and other sub- 
stances of vegetable origin now classified as 
triterpene derivatives. It was shown by 
Ruzicka and Ehmann that the dimethyinaph- 
thalene is 2:7-, and the trimethylnaphthalene, 
sapotalin, the 1:2:7- derivative (Helv. Chim. 
Acta, 1932, 15 , 431). The constitution of 
sapotalin was determined independently by 
Spath and Hromatka (Monatsh. 1932, 60 , 117). 
An account of the many different substances 
which give sapotalin by heating with selenium 
at 300-360° is given by Ruzicka and col- 
laborators (Helv. Chim. Acta, 1932, 16 , 431) ; 
these include hederagenin, sumaresinolic acid, 
siaresinolic acid, betulin, aescigenin, oleanolic 
acid, and cyclamiretin. 

Another trimethylnaphthalene, 1:2:5-, was 
obtained from a product of animal origin, the 
“ tetracyciosqualene ” from the unsaponifiable 
matter of elasmobranch fish oils, by Heilbron, 
Harvey, and Kamm (J.C.S. 1926, 3136), its 
identity being established by Heilbron and 
Wilkinson {ibid. 1930, 2546) and the same 


Table VI. — Methylethylnaphthalenes. 


Orientation. 

B.p. 

M.p. 

(a) Picrate, 

(b) Styphnato, 

m.p. 

♦Source. 

Reference. 

l-Me-4-Et. 

122®/4() mm. 

40" 

(a) 98-99" 

4-Acetyl-l -methyl- 

Dziewo&ski ami Maru- 
sihska, Bull. Acad. 
Polonaise 1938, A, 
316. 

l-Me-5-Et. 


o 

Synthesis. 

Harvey, Heilbron, and 
WUkiuson, J.C.S. 

1930, 423. 

l-Me-6-Et. 

140°/12 mm. 

146714 mm. 


(a) 82° 

(a) 80-81° 

{b) 88-5-89-6° 

Synthesis. 

Synthesis. 

Idem, ibid. 

Pope and Bogert, J. 
Org. Chem. 1938, 2. 
276. 

l-Me-7-Et. 

133°/12 mm. 

134-5-136712 mm. 


(a) 97° 

(а) 95-96° 

(б) 126° 

(а) 96° 

(б) 126° 

Synthesis. 

Alanto-lactone. 

Artemisin (v. Vol. 
I, 497a) from 
Artemisia mari- 
tima. 

Harvey, Heilbron, and 
Wilkinson, l.c. 

Ruzicka and Van Mel- 
sen, Helv. Chim. 
Acta, 1931, 14, 397. 
Tettweiler, Engel, and 
Wedekind, Annalen, 
1932, 492, 108. 

2-Me-3-Et. 

2627725 mm. 



6-Methyltetraliu. 

P. Karrer and A. Ep- 
prccht, Helv. Chim. 
Acta, 1940, 23. 276. 

2-M«-5-Et. 

135-138712 mm. 


(a) 81-5° 

Synthesis. 

Brunner and Grof, 
Monatsh. 1934, 64. 28. 

2-Me-6-Et. 


44-45" 

(а) 100-101° 

(б) 138-139° 

(a) 109° 

(b) 119° 

Synthesis. 

6-Acetyl-2-methyl- 

Brunner and Grof, 
ibid. 1935, 66, 433. 
Kon and Weller, J.C.S. 
1939, 792. 

2-Mo-8-Et. 

128711 ram. 


(a) 106° 

(a) 106° 

(b) 143-144° 

.Synthesis. 

8-Acetyl-2-methyl- 

Brunner and Grof, 
Monatsh. 1934,64, 28. 
Kon and Weller, J.C.S. 
1939, 793. 

l:4.Dlethyl. 

136-18978 mm. 

Di 

BTHYLNAPHTHAL 

(a) 82-83° 

ene. 

Reduction of 4- 
acetyl-1 -ethyl- 

Eroschl and Harlass, 
Monatsh. 1932, 59, 
275. 
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Name. 

B.p. 

M.p. 

(a) Picratc, 

(5) Styphnate, 
m.p. 

Source. 

lieferonce. 

1-Me:4-Pr^. 

135-1 45 VI 2 mm. 

148°/16 mm. 


(a) 99 100° 

(a) 100-101“ 

Bynthesis. 

Synthesis. 

Kuzicka and M. Min- 
gazzini, Helv. (!him. 
Acta, 1922, 6, 714. 
Burnett and Cook, 
J.C.H. 1933, 22. 

l-Me-7.Pr^ 

(Eudalene). 

140°/11 mm. 

152°/18 mm. 

281" 


(а) 91° 

(б) 119" 

(a) 92-8" (corr.) 

(a) 95° 

(5) 122° 

Selliierie. 

Eudesmol. 

Synthesis. 

Synthesis, 

Kuzicka and Stoll, Helv. 
Chim. Acta, 1922, 5, 
923. 

lluzicka and Capato, 
Annalen, 1927, 453, 
62. 

(j. Darzens and A. 
Levy, Compt. rend. 

1 932, 194, 2056. 
Barnett and Sanders, 
J.C.S. 1933, 434. 

2-Me-8-Pr^. 

a-PrP -7- Me) 
ApocadaleiK^ 

139 -140°/ 12 mm. 


(a) 101-102° 

(5) 163-164° 

Cadaleiie, 

lluzicka and Mingaz- 
zini, Cc. 

282° 


(a) 102° 

(5) 166° 

Synthesis. 

Barnett and Sanders, 
Lc. 

1:4-Dimethyl- 

6-i«opropyl. 

155-157°/12 mm. 


(a) 102-5 103° 

Syntliesis. 

Ruzicka et al., Helv, 
Ciiim. Acta, 1 933, 16, 
268. 

1:5-T)miethyl- 

7-ifropropyl. 

ll()-ll2°/0-8mm. 


(a) 115-5 116-5° 

Syntliesis. 

Idem, ibid. 

1:6-I)iinethyl- 

4'Wopropyl 

(Cadalenc). 

15,5-160°/! 5 mm. 

155- 156°/ 11 mm. 


(a) 115° 

(d) 139° 

(a) 114-115° 

(5) 139° 

(a) 114-115° 

(5) 140° 

Ciidiuene, u’ozingi- 
berene. 

Synthesis. 

Synthesis. 

Ruzicka and Meyer, 
ibid. 1921, 4, 508. 

lluzicka and F. Seidel, 
ibid. 1 922, 6, 369. 
Barnett and Cook, 
J.C.S. 1933, 22. 

1:7-Dimethyl- 

4-wopropyl. 


60° 

(a) 92° 

(b) 120° 

Synthesis. 

Rapson and Short, ibid. 
1933, 128. 


hydrocarbon was obtained by Knzicka and 
Hosking by heating agathicdicarboxylic acid, 
whifch is present in kauri copal and in hard and 
soft manila resins, with sulphur at 180° (Helv. 
Chim. Acta, 1930, 18, 1402). All this work on 
natural products led to the synthesis of the 
trimethylnaphthalenes, eleven by Ruzicka and 
his co-workers, the others by Heilbron and 
Wilkinson {see especially Ruzicka and Ehmann, 

l. C.). These hydrocarbons are best characterised 
by their styphnatos, since the picrates, according 
to Ruzicka, do not always show depression of 
melting-point in admixture with one another. 

Ruzicka and collaborators have synthesised 
the five isomeric methoxy derivatives of 1:2:7- 
trimethylnaphthalene ; their melting-points are : 
?i-methoxy, 69-70° ; 89-90° ; ^’methoxy, 

81-82° ; Q-methoxyf 83-84° ; %-methoxyy b.p. 
151-163°/9 mm. {ibid. 1936, 19, 322, 343, 370). 
Kruber (Ber. 1939, 72 [B], 1972) prepared 1:3:7- 
trimethyUQ-na^phthol, m.p. 95-96°, from the corre- 
sponding sulphonic acid. He also converted 
l:3:7-trimethylnaphthalene into the 5:6~quinonef 

m. p. 164-166°, and the SiS-quinoTte, m.p. 136- 
137°. When 2:3:6-trimethylnaphth^ene is oxi- 
dised with chromic acid it gives both the 
[ti-]quinoney m.p. 103°, and the 5:8-quinone, m.p. 
72-73°. 

POLYMETHYLNAPHTHALENES. 

Tetra- and Penta -methyl naphthalenes. — 
Ruzicka and co-workers obtained l;2:6:6‘tetra- 


methylnaphthalene by heating a number of 
triterpenes and triterpenoid compounds with 
selenium. In the course of the identification of 
this compound they synthesised the following 
and characterised them by their picrates (P) 
styphnates (S) : 

1 :2:5:6-Tetramethylnaphthalene, 
m.p. 116-116-6°. 

P, m.p. 164-154-5° ; S, m.p. 160-161°. 

1 :2: 6:8-Tetramethylnaphthalene, 
b.p. 166-168°/15 mm. 

P, m.p. 133-6-134° ; S, m.p. 135-136°. 

1:2:5:8-Tetramethylnaphthalene, 
b.p. 150°/9 mm. 

P, m.p. 137-138°. 

1 : 2: 4 : 8 - Tetrame thy Inaphthalene, 
b.p. 160°/10 mm. 

P, m.p. 145-5°. 

1:2:4:5:8-Pentamethylnaphthalene, 
b.p. 160°/10 mm. 

P, 146-147°. 

1:2:4:6:8-Pentamethylnaphthalene, 
m.p. 106-107°. 

P, m.p. 187-188°. 

(Helv. Chim. Acta, 1933, 16, 314). 

Methylethyl- and Diethyl-naphthalenes 
are described in Table VI and call for no 
special comments. The preparation of 2-methyl- 
3-ethylnaphlhalene from 2-methyl-3-acetyl- 
6:6;7:8 - tetrahydronaphthalene has bwn 
patented by Hoffmann-La Roche (Swiss. P. 
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215656) who use it for obtaining antiheemor- 
rhagic compounds. 

The preparation of 2'.%-dihydroxy-\\&-dieihyl- 
Tiaphtkalene, m.p. 262° {dimethyl ethefy m.p. 
186°), has been described by L. F. Fieser and 
W. C. Lothrop (J. Amer. Chem. Soc. 1935, 67, 
1469) who obtained it by reduction of the 1:6- 
diacetyl-compound. The compound did not 
couple with diazo-compounds. 

Dimethyl /sopropylnaphthalenes, etc. — 
Naphthalene hydrocarbons containing methyl 
and isopropyl groups are the parent substances 
of plant sesquiterpene compounds found in many 
essential oils. The most important appears to 
be cadalency l:6-dimethyl-4-isopropylnaphtha- 
lene, which is formed by dehydrogenation of 
cadinene {v. Vol. II, 188c) with sulphur. Evda- 
len€y 1 -methyl- 7-isopropylnaphthalene, is ob- 
tained from eudesmol {v. Vol. IV, 393a), a 
sesquiterpene alcohol found in plants of the 
eucalyptus family (for references, see Table VII). 
Besides those given in the Table, a new synthesis 
of eudalene has since been reported starting 
from ethyl 6-methylcyciohexane-l-acetate-2- 
propionate (N. N. Chaterjee and A. Bose, J. Ind. 
Chem. Soc. 1941, 18, 196), and one of cadalene 
from ethyl y-p-tolyl- J^-pentenoate (P. C. Dutta, 
ibid. 1941, 18, 233). 

A considerable amount of work has been 
carried out on the preparation of naphthalene 
derivatives containing higher alkyl groups in 
the nucleus. K. D. Desai and W. S. Waravdekar 
(Proc. Indian Acad. Sci. 1941, 13 a, 33, 39) con- 
densed a-naphthol with stearyl chloride by 
means of zinc chloride in nitrobenzene, obtaining 
80% of 2- and 6% of 4-stearyl-a-naphthol. 
Using a-methoxynaphthalene and the appro- 
priate acid chloride, substitution took place in 
the 4-position giving ketones which were reduced 
to l-methoxyA-hexadecyl’y m.p. 224-226°, 4- 
lauryl-t m.p. 111-112°, and i^-dodecyl-naphthaleney 
m.p. 166-166°. Y. F. Chi and C. T. Jang (J. 
Amer. Chem. Soc. 1941, 63, 3165) prepared 2-n- 
amyl-y m.p. 46-46*6°, 2-isoamyZ-, b.p. 135- 
140°/3 mm., and 2-ii’hexyl-a-naphtholy m.p. 42- 
43°, by a similar method. n-Docosylnaphtha- 
lene, CioH7*[CH2]2i*CHg, m.p. 66-68°, and other 
hydrocarbons have been described by L. A. 
Mikeska et al. (J. Org. Chem. 1941, 6, 787). 

Vitamin- Aj has been shown by Doisy and 
collaborators to be 2‘methyl-S’phytyl-[a-]naphtha- 
quinone {v. A-Vitamin, Vol. VII, 87a). 


NAPHTHYLACETIC ACIDS AND 
HOMOLOGUES. 

a-Naphthylacetic Acid has become of 
technical interest sinoe the discoveiy that, like 
the natural hormone j3-indolyIacetic acid, it acts 
as a plant growth stimulant in very smcdl con- 
centrations. It is marketed in preparations for 
stimulating the rooting of cuttings {see Zimmer- 
man and Wdcoxon, Contr. Boyce Thompson 
Inst. 1935, 7, 209, and much subsequent litera- 
ture; also Gbowth-Pbomotino Substances, 
Vol. VI, 1386). 

Several me^ods are available for the prepara- 
tion of a-naphthylacetic acid, the most practical 
being those depending on the h3rdroly8is of a- 


naphthylacetonitrile, which is prepared by the 
action of an alkali cyanide on a-naphthylmethyl 
chloride or bromide (v. p. 3936). The hydbrolysis of 
the nitrile may be accomplished by boiling with 
a mixture of dilute sulphuric and acetic acids, 
the product being precipitated by diluting with 
a large volume of water. The naphthylacetic 
acid is purified by dissolving in aqueous am- 
monia, and fractionally precipitating by addition 
of acid, the first portion of precipitate being 
discarded. Further purification is effected by 
recrystaUising first from water, then from ben- 
zene (A. Cambron, Canad. J. Res. 1939, 17, B, 
10). The nitrile may also be hydrolysed in 
ether solution by caustic soda (Amer. Cyan- 
amide Co., U.S.P. 2166664). The preparation 
via a-naphthylmethyl bromide is described by 
Olivier and Wit (Rec. trav. chim. 1937, 66, 863). 
Other patented processes involve the conden- 
sation of naphthalene with chloroacetic acid at 
166-185° (I.G., G.P. 562391) and the interaction 
of a-naphthyl magnesium bromide and chloro- 
acetic acid (U.S.P. 2290401). 

a-Naphthylacetic acid crystallises in stout 
prisms, m.p. 136-135-5° (Olivier and Wit, l.c .) ; 
a-naphthylaceionitrile is a colourless oil, b.p. 
160-152°/! *6 mm. (Manske and Ledingham, 
Canad. J. Res. 1939, 17, B, 14). 

)3-Naphthylacetic Acid has m.p. 142°; it is 
sparingly soluble in water, readily in benzene 
(Blank, Ber. 1896, 29, 2373 ; WiUgerodt, J. pr. 
Chem. 1909, [ii], 80, 188). The amide^ which 
can be obtained by heating jS-naphthyl methyl 
ketone with ammonium sulphide and sulphur 
at 220-226°, has m.p. 200°. 

A number of a-naphthyl derivatives of higher 
fatty acids have been described (Mayer and 
Sieglitz, Ber. 1922, 55 [B], 1836 ; Manske and 
Ledingham, l.c.). 

NAPHTHYL ALKYL KETONES. ^ 

Naphthyl alkyl ketones, C^QHy'CO'Alk, are 
formed by the action of acyl chlorides on 
naphthalene in the presence of aluminium 
chloride. Substitution takes place not, as 
might be expected, almost entirely in the a- 
position of the naphthalene nucleus, but also to 
a considerable extent in the /^-position, the 
proportion of a- to j3-isomer formed depending 
to an important extent on the solvent used and 
not on temperature. The reaction between 
naphthalene and acetyl chloride has been studied 
by several workers. It was stated by E. Caille 
(Compt. rend. 1911, 153, 393) that acetyl chloride 
and other acyl chlorides gave only the a-ketone 
when the reaction was carried out in carbon 
disulphide at 0°. Chopin (Bull. Soc. chim. 1924, 
[iv], 36, 611) confirmed that both in carbon 
disulphide and in chlorobenzene only the a- 
compound was formed ; in bromobenzene some 
)9-compound appeared, in ligroin about equal 
proportions of a- and 8- and in nitrobenzene 
chiefly )8-ketone. N. FrSschl and J. HarlasB 
(Monatsh. 1932, 69, 275) likewise obtained only 
the a-compound working in carbon disul^de 
solution. A. St. Pfau and A. Ofiier (Helv. 
Chim. Acta, 1926, 8» 669), however, obtained a- 
and /S-isomers in the ratio 65:35 using oturbon 
disulphide, 42:58 in chlorobenzene, and 11:89 in 
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nitrobenzene. Other workers (private communi- 
cation) have confirmed the observations of St. 
Pfau and Ofher. The two isomers are best 
separated by fractional crystallisation of the 
picrates from alcohol, the a-picrate crystallising 
first. More recently G. Lock (Monatsh. 1942, 
74, 77) found that the ketone prepared in carbon 
disulphide contains not more than 60% of the 
a-isomer. 

J. W. Williams and J. M. Osborn (J. Amer. 
Chem. Soc. 1939, 61, 3438) condensed keten 
instead of acetyl chloride with naphthalene in 
carbon disulphide in the presence of aluminium 
chloride and claimed to get mainly the a-ketone. 

Other acyl chlorides give mixtures of a- and 
/5-ketone8 with naphthalene in presence of 
aluminium chloride, e.g. propionyl and n-butyryl 
chloride (G. BargeUini and G. Melacini, Atti. 
R. Accad. Lincei, 1908, [v], 17, II, 26), oxalyl 
chloride (C. Liebermann and H. Zsuffa, Ber. 
1911, 44, 208), dime thy Imalonyl chloride (M. 
Freund and K. Fleischer, Annalen, 1913, 399, 
203), and stearoyl chloride (F. Seidel and 0. 
Engelfried, Ber. 1936, 69 [BJ, 2573).* 
a-Naphthyl Methyl Ketone is described 
as an almost odourless liquid, b.p. 300-6- 
301 -5° ; St. Pfau and Ofnor, and Froschl and 
Harlass, by cooling it below 0°, claimed to have 
obtained it crystalline, m.p. 34®, confirming 
Claus and Foist (Ber. 1886, 19, 3180), but Lock 
{lx.) concludes that this was mostly j3-com- 
pound, and gives the melting-point of the a- 
compound 10-6®; its picrate has m.p. 118°; 
oxime, m.p. 137-138°. When heated with sul- 
phur it is converted into a thioindigoid dyestuff 
(Dziewoliski et al., Bull. Acad. Polonaise, 1930, 
A, 198). 

jS-Naphthyl Methyl Ketone has m.p. 
54®, b.p. 307-5-308-6® ; it has a persistent odour 
and is said to be used in perfumery ; its picrate 
has m.p. 82° ; oxime, m.p. 146-146°. Heated 
with sulphur, it gives 2:l-naphththioindigotin. 

L. Chopin (Bull. Soc. chim. 1929, [iv], 45, 
167) stated that the )3-compound undergoes slow 
spontaneous transformation into the a-isomor 
ijf traces of the latter are present, a most unusual 
change if the observation is correct. 

a-Naphthyl Heptadecyl Ketone has m.p. 
64° (H. Ryan and T. Nolan, Proc. Roy. Irish 
Acad. 1912, B, 80, 1) and the ^-ketone m.p. 66- 
67° (Freund and Fleischer, l.c.). 

o-Naphthyl Undecyl Ketone is a liquid, 
b.p. 240-246°/6 mm. (A. W. Ralston and C. W. 
Christenson, Ind. Eng. Chem. 1937, 29, 194). 

a- and j8-Naphthyl methyl ketones are con- 
venient starting materials for the preparation 
of a- and j8-naphthoic acids by oxidation with 

g >taBsiam hypochlorite (L. F. Fieser, H. L. 

olmes, and M. S. Newman, J. Amer. Chem. 
Soc. 1936, 68, 1066). 

Hydroxy-derivatives of naphthyl alkyl 
ketones are formed by the action of acyl 
chlorides, or the fatty acids, on naphthols in 
presence of zinc chloride, or by the action of 
aluminium cbl or idA on naphthyl esters of fatty 
acids (Flies transformation) or by dealkylating 

• For a eomprehensive account of the acylation of 
naphthalene and derivatives in the presence of 
aluminium chloridOf G. A. Thomas, Anhydrous 
Aluminium Ohk^de in Organic Ghemisiry,’* Reinhold 
Publishing Corporation, New York, 1941, pp, 271 st wg. 
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alkoxynaphthyl alkyl ketones. 0. N. Witt and 
D. Braun obtained Vhydroxy-2-naphthyl methyl 
Intone, m.p. 103°, as principal product by the 
action of acetyl chloride and zinc chloride on 
a-naphthol (Ber. 1914, 47, 3216). They showed 
that the product obtained by Gattermann 
Ehrhardt and Maisch {ibid. 1890, 23, 1209) 
by the action of acetyl chloride and alumin- 
ium chloride on a-ethoxynaphthalene contains, 
besides a 62% yield of i-ethoxy l^naphthyl methyl 
ketone, m.p. 78-79°, some hydroxy -I -naphthyl 
methyl ket^one, m.p. 198°, and 2:4:-diaxetyU 
\-napkthol, m.p. 150°. When the 4-othoxy-l- 
naphthyl methyl ketone is treated with alu- 
minium chloride it is not only de -ethylated but 
suffers an isomeric change giving 1 -hydroxy- 2- 
naphthyl methyl ketone ; in benzene it can be 
de-ethylated without isomeric change. 

The autoxidation of 2-acetyl- 1-naphthol in 
alkaline solution has been studied by K. Fries 
and H. Leue {ibid. 1922, 55 [B], 753). 

Hydroxy -^-naphthyl methyl ketone, m.p. 167°, 
was prepared by H. Erdmann {ibid. 1888, 21, 
635) by distilling benzybdenelsevuUc acid. 

R. W. Stoughton (J. Amor. Chem. Soc. 1936, 
57, 203) heated a-naphthyl propionate, butyrate, 
and valerate with aluminium chloride and 
obtained mainly the 2-acyl- 1-naphthol, with 
some 4- and some 2:4-diacyl- 1-naphthol (c/. 
Y-F Chi, ibid. 1939, 61, 2487). 2-Lauryl-, m.p. 
74-76° {Me ether, m.p. 37-38°), 2-palmityl-, 
m.p. 83-84° {Me ether, m.p. 41-^2°), and 2- 
stearyl-l-TKiphthol, m.p. 81-82° {Me ether, m.p. 
42-43°) were obtained by R. D. Desai and 
W. S. Waravdekar (Proc. Indian Acad. Sci. 
1940, 12, A, 507) by heating a-naphthol with 
the fatty acid and zinc chloride at 180°. 

2- Hydroxy -I -naphthyl methyl ketone {I -acetyl- 
2-naphthol), m.p. 64°, is obtained when j3- 
naphthyl acetate is treated with aluminium 
chloride (Fries, Bor. 1921, 54 [BJ, 709; Fries 
and Ehlers, ibid. 1923, 56 [B], 1305). The 
Friedel-Crafts reaction with acetyl chloride on 
)3-methoxynaphthalene is influenced by the 
solvent used, as is the case with naphthalene 
itself. In benzene or carbon disulphide, the 
product is \-acetyl-2-'tnethoxynaphthalene, m.p. 
67-68° (not 3-acetyl-2-methoxyiiaphthaleue, as 
stated by Witt and Braun, ibid. 1914, 47, 3224, 
and disproved by Fries and Schimmelschmidt, 
ibid. 1925, 58 [B], 2836), whilst in cold nitro- 
benzene, Q-methoxy-2-acetylnaphthalene, m.p. 
104-105° is formed in 70% yield. 

Q-M ethoxy -2-propionylnaphthale7ie, m.p. 109°, 
is similarly prepared (R. D. Haworth and 
G. Sheldrick, J.C.S. 1934, 864). 

3- Acetyl-2-methoxynapMhalei%e, m.p. 48°, was 
obtained by Fries and Schimmelschmidt by the 
action of methyl zinc iodide on 2-methoxy-3- 
naphthoyl chloride; Z-acetyl-2-naphthd forms 
yellow leaflets, m.p. 112°, and, unlike the 1:2- 
isomer, forms alkali salts which are not prone to 
oxidiation in air. With benzaldehyde it con- 
denses to form p-naphth(Hlavone (J. Tambor, Q. 
Plattner, and 0. Zftch, Helv. Chim. Acta, 1926, 
9 , 463). According to Wilson Baker and 
Carruthers, 3-acetyl-2-naphthol exhibits as 
much internal chelation as 1:2- and 2:1 -isomers 
(J.C.S. 1937. 479). 

h5 . JXacetyl • 2:Q - dihyd^oxynaphthaUne, m.p. 
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263°, was prepared by L. F. Fieser and W. C. 
Lothrop (J. Ainer. Chem. Soc. 1935, 67, 1463) ; 
its dimethyl ether has m.p. 216°, diacetaie, m.p. 
189°. 

NAPHTHYL ARYL KETONES. 

Naphthyl aryl ketones have some technical 
importance as intermediates for dyestuffs. It 
was shown by R. Scholl and C. Seer that a- 
naphthyl phenyl ketone when heated with 
aluminium chloride undergoes dehydrogenation 
and cyclisation to benzanthrone (^^nalen, 1912, 
894, 111) and this reaction when applied to 
1:4- and LS-dibenzoylnaphthalenes gives rise 
to the important vat dyes, the dibenzopyrene- 
quinones {see Anthraquinone Dyestuffs, 
Vol. I, 4266). 

Phenyl a- Naphthyl Ketone {l-benzoyU 
naphthalene)^ m.p. 76*6°, is obtained, together 
with about 20% of the compound, when 
naphthalene and benzoyl chloride are heated at 
180-200° with a small amount of phosphorus 
pentoxide (H. Lecher, Ber. 1913, 46, 2667), or 
from naphthalene and benzoic acid, or from a- 
naphthoic acid and benzene with phosphorus 
pentoxide (M. KoUaritz and V. Merz, ibid. 1873, 
6, 641). 

Phenyl Naphthyl Ketone, m.p. 82°, is 
obtained similarly from j3-naphthoic acid and 
benzene. Scholl and Seer (Z.c.) obtained o-tolyly 
m.p. 64°, m4olyl, m.p. 74-76°, and p-tolyl a- 
naphthyl ketone, m.p. 86°, from naphthalene, 
the respective toluoyl chloride and aluminium 
chloride in Carbon disulphide. They do not 
consider the possibility of j§-isomer being formed. ! 

Phenyl 6:8-Dichloronaphthyl Ketone, from 
1 :4-dichloronaphthalene and benzoyl chloride in 
the presence of aluminium chloride, has m.p. 
104-105° (I.G., B.P, 301311). 

Phthalic anhydride condenses with naphtha- 
lene in the presence of aluminium chloride to 
give a very high yield of o-a-naphthoylbenzoic 
acidy m.p. 176*4° ; the conditions for carrying 
out the reaction have been studied by P, H. 
Groggins and H. P. Newton (Ind. Eng. Chem. 
1930^, 22, 167) who recommend using 1*1 mol. of 
catalyst at 0° in o-dichlorobenzene as solvent. 
If, during the condensation, the temperature is 
allowed to rise, a substantial amount of o-j3* 
naphthoylbenzoic acid, m.p. 166°, is formed (E. 
de B. Barnett and N. C. Campbell, J.C.S, 1936, 
1031). When the calcium salt of the a-acid is 
heated at 300-330° under reduced pressure it is 
decarboxylated to give phenyl a-vaphthyl ketone 
(Scottish Dyes, Ltd., B.P. 289644). The ketone 
itself when heated with potassium hydroxide at 
260-260° decomposes into naphthalene and 
benzoic acid (L. Ohfeen, J. Gen. Chem. Russ. 
1939, 9 , 36). 

Sulphonation of phenyl 1 -naphthyl ketone in 
the cold with 10% oleum gives l-benzoylnaphtha- 
lene-5-8ulphonic acid, which is decomposed by 
heating with 96% sulphuric acid at 160-170° 
into benzoic acid and naphthalene disulphonic 
acid (J. S. Joffe and N. N. Melteva, ibid., p. 1104). 

l-BenzoylmaphthcUene-^’Sidphonic acid {chlo- 
ride, m.p. 117-119°; amide, m.p. 199-200°), is 
described by Dzievoiliski and Mosjew (Rooz. 
Chem. 1931, 11 , 169). 

By strong chromic acid at 6-10°, phenyl a- 


naphthyl ketone is oxidised in poor yield to 6- 
benzoyl-[a-'\iiaphthaquinone, m.p. 162°, which can 
bo reduced to b-benzoyl-lA-dihydroxynaphtha- 
lene, m.p. 194-196° (R. Scholl, J. Donat, and 
S. Hass, Ber. 1936, 68 [B], 2034). 

Phenyl 4^-hydroxy-\ -naphthyl ketone is used 
under the name of Ciba Napthol RP (Basle) 
as a coupling component for the development 
of azo-dyestuffs on textile fibres (H. Lederer, 
Textilber. 1931, 12, 461). It has m.p. 164-166° 
{ethyl ether, m.p. 73°) (c/. SchoU and Seer, 
Annalen, 1912, 894, 151). A number of patents 
describe its preparation by condensing a- 
napthol or l-naphthol-2-carboyxlic acid followed 
by decarboxylation, with benzotrichloride (S.C.I. 
Basel, B.P.*^ 203824 ; 212569; 231342). 2:4- 
Dibenzoyl-a-naphthol has mp. 138-139° (P. E. 
Popov, J. Gen. Chem. Russ. 1935, 5, 986). 

lity-Dibenzoylnaphthalene, m.p. 186*6°, is the 
main product when phenyl a-naphthyl ketone 
is treated with benzoyl chloride in the presence 
of aluminium chloride; the l:8-compound is 
presumed to be formed at the same time (I.G., 
B.P. 279506). l-A-Dibenzoylnaphthalene, m.p. 
106°, is obtained by condensing 1-benzylnaph- 
thalene with benzoyl chloride-aluminium chlo- 
ride to give 4r-benzoyl-l-benzylnaphthalene, m.p. 
110°, and oxidising the benzyl group to benzoyl 
with nitric acid (I.G., B.P. 333666). Nitro and 
sulphonyl derivatives of 4-bonzoyl-l-benzyl- 
naphthalene are described by Dziewofiski and 
Mozjew (l.c.). 

1:8- Pibcnzoylnaphtholene, m.p. 189-190° {di- 
oxime, m.p. 270°) was obtained by Dziewofiski, 
Auerbach, and Mozjew (Bull. Acad. Polonaise, 
1929, A, 658) by oxidising 8 -henzoyl-l -benzyl- 
naphthalene, m.p. 142°, itself obtained by the 
action of benzyl chloride on phenyl a-naphthyl 
ketone. 

I ' 2:8-l)ibenzoylnaphthale7ie {dioxime, m.p. 281°) 
and 2:7-dibenzoylnaphthahne {dioxime, m.p. 
176°) have been prepared by oxidation of the 
corresponding dil^nzylnaphthalenes (Dziewofi- 
ski and S. Wodelski, Rocz. Chem. 1932, 12, 366). 

An unusual form of diketone is obtained by 
the condensation of phthalic anhydride with 
jS-naphthol in concentrated sulphuric acid or 
using aluminium chloride as condensing agent. 
It was shown by A. Rieche and E. Friihwald to 
bel:8-phthaloyl-)S-naphthol (I) (Ber. 1931,64 [B], 
1603 ; 1932, 66 [B], 1371 ; c/. Fieser, J. Amer. 



Chem. Soc. 1931, 68, 3646; 1933, 56, 3342; 
and for a summary, Annual Rep. Appl. Chem. 
1933, 20 , 116). 

BENZYL DERIVATIVES OF 
NAPHTHALENE. 

Benzylation of naphthalene with benzyl 
chloride gives a-derivatives at lower, j8-deriva- 
tives at higher temperatures. 
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a - Benzyinaphthalene, CioH^ CHaPh, 
m.p. 59° (picrate, m.p. 100-101°), is the main pro- 
duct when naphthalene is heated with benzyl 
chloride and a small proportion of aluminium 
chloride for a short time at 80-90°. 

jS- Benzyl naphthalene, m.p. 35-5° {picrate, 
m.p. 93°) is obtained almost exc^lusivcly by the 
same reaction at 160°, adding the aluminium 
chloride gradually during an hour (L. Roux, 
Ann. Chim. Phys! 1887, [vi], 12 , 289). 

For substitution derivatives of a-benzyl- 
naphthalcnc, ^ee Dziewohski et al,. Bull. Acad. 
Polonaise, 1927, A, 273; 1930, A, 66. 

According to K. Dziewohski and J. Mozjew, 
when naphthalene is heated with benzyl chloride 
at 100-120° in the presence of zinc chloride or 
aluminium chloride, there are formed, besides 
monobenzylnaphthalenes, \:H-dihenzylnaphtha- 
lenCj m.p. 146-5°, “ ''-dibenzylnaphthalens, m.p. 
88° {picrate, m.p. 107°) and y'^-dibenzylnaph- 
thalene, m.p. 132°. The 1:8- and “ y ’’-com- 
pounds do not form picrates {ibid. 1928, A, 283 ; 
Rocz. Chora. 1929, 9 , 361). The “ /S ’’-com- 
pound was later shown to be lA-dibenzylnaph- 
thalene (Dziewofiski et al.y Bull. Acad. Polonaise, 
1929, A, *650). 

2:iy-Dibenzylnaphthalene, m.p. 91°, and 2:7- 
dibenzylnaphthahne, m.p. 123°, are formed from 
naphthalene, benzyl chloride, and aluminium 
chloride at 170°. By the Friedel-Orafts reaction 
on 2- benzyinaphthalene, i^-acetyl-2-benzylnaph- 
thahne^ m.p. 96°, is obtained, from which wore 
prepared iS-acetamido-2-benzylnaphthale'ney m.p. 
189°, and Q-amino-2-benzylnaphthale7iCy m.p. 
95°. C)-Be7izoyl-2-henzylna2)hthakne has m.p. 
126-127° (Dziewohski and Wodelski, Rocz. 
Chem. 1932, 12 , 366). 

1 - Benzyl • 3:4 - naphthaquinone (4 - benzyl - 
[fi-]naphthaquinone)j orange plates, m.p. 148° 
(decomp.), has been described by L. F. and M. 
Fioser (J. Amer. Chem. Soc. 1939, 61 , 596), 
according to whom it (!an exist in the stable 
tautomeric form, 2 - hydroxy - 4 - henzylidene - 1 - 
naphthone (I), yellow noodles, m.p. 182-5-1 82-8°. 


O 



1:5- Dihenzyl - 2:6 - dihydroxynaphthalene, m.p. 

191°, was prepared by L. F. Fieser and W. C. 

Lothrop (ibid. 1935, 67, 1463). 

E. H. R. 

PART III. HYDROGENATED 
NAPHTHALENES AND THEIR 
DERIVATIVES. 

Synopsis of the Subject. 

Nomenclature (p. 409<?) : General Methods for Hydro- 
genation of Naphthalene (p. 410&) ; The Action 
of Metals on Naphthalene (p. 412o) ; Hydrogena- 
tion of Substitute Naphthalenes (p. 412c) ; Manu- 
facture of Tetralln and Decalln (p. 418c) ; Uses of 
Tetralin and Decalin (p. 414a) ; Isomerism Amongst 
Hydrogenated Naphthalenes (p. 414c). 


Dihydronaphthaienes (p. 416a) ; Substitution Deriva- 
tives (p. 4J6o). 

Tetralin (p. 4164) ; Tetralin Peroxide (p. 41 7ft) ; Sub- 
stitution Keactlons (p. 417c) ; Halogcnation 
(p. 4174) ; Nitration (p. 418c) ; Sulphonation 
(p. 419a) ; Amino Derivatives (p. 419ft) ; Tetra- 
hydroiiaphthols (p. 422ft) ; Derivatives of Mixed 
Aromatic-Alicyclic Character (p. 42r>c) ; Alkyl 
Homologues (p. 426a) ; Aldehydes (p. 4284) ; Tetra- 
hydronaphthoic Acids (p. 429«) ; Tetrahydrona- 
phthalenedicarboxylic Acids (p. 4294) ; Tetralones 
(p. 430&) ; Acyl Derivatives (p. 4326). 
Hexahydronaphthalencs (p. 432c). 

Octalins (p. 4324), 

Decalins (p. 4334) ; Chlorodecaliiis (p. 4344) ; Bromo- 
decaliiis (p. 435a) ; Nitrodecalins (p. 435a) ; Amino 
and Hydroxy Derivatives (p. 4356) ; Dihydroxy- 
decalins (p. 437a) ; Decahydronaphthaldehyde 
(p. 4376) ; Decallncarboxylic Acids (p. 4376) : 
Decalones (p. 4374) ; Homologues of Decalin 
(p. 438c). 

Introduction. 

Naphthalene being a highly iinsaturated hydro- 
carbon is capable of giving rise to leas un- 
saturated hydrocarbons by addition of hydro- 
gen ; its structure shows five double bonds and 
theoretically each of these can bo hydrogenated 
in turn, giving di-, tetra-, hexa-, octa-, and deca- 
hydrides, all of which should show isomeric 
forms of one kind or another. In fact, hydro- 
carbons of all these types are known and they 
and their derivatives have been the subject of 
a very largo amount of chemical work. Two, 
the tetrahydride, commonly known as tetralin, 
and the decahydride, decalin, have become of 
some industrial importance. Of their deriva- 
tives and substitution products many have 
attracted the attention of industrial chemists, 
but few have found industrial application. 

Naphthalene is hydrogenated with, greater 
facility than benzene, an observation in accord 
with its less truly aromatic character. The 
course of hydrogenation, however, shows a 
marked break at the tetralin (l:2:3:4-tetrahydro- 
naphtlialenc) stage ; tetralin shows, in fact, very 
similar behaviour as regards hydrogenation to a 
substituted benzene ; the intermediate com- 
pounds, hexalin and octal in, tend to undergo 
disproportionation, in presence of catalysts, to 
tetralin and decalin. 

Nomenclature. 

Hydrogenated naphthalenes are correctly 
named naphthalene hydrides, hut it is more 
usual to call them hydronaphthalenes ; number- 
ing is as for naphthalene, thus : 



l:2-Dlhydro- l:2:8;4-tetrahy<iro- 

naphthalene. naphthalene 

or 6:6:7:8-tetrahydro- 
naphthalene. 



Decabydronsphthalene. 
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All alternative procedure is to indicate the 
position of double bonds, this being especially 
useful with the more highly hydrogenated pro- 
ducts such as octahydronaphthalcnes, e.g., 



Hoctahydronaphthalene. 



A ® -octahydronaphthalene . 


The nomenclature proposed by Leroux (Ann. 
Chim. 1910, [viii], 21, 460) calling decahydro- 
naphthalene “ naph thane ” and the partially 
hydrogenated compounds “ naphthandiene,” 
“ naphthantriene,” etc., has not been accepted. 
The German abbreviations decalin (dekalin), 
octalin, hexalin, tetralin, are, however, con- 
venient and generally used. The names of 
functional derivatives are usefully based on 
these names, e.^., tetralol and decalol for 
hydroxy derivatives, tetralone and decalone for, 
ketones. Functional derivatives of dihydro- 
naphthalenes and l:2:3:4-tetrahydronaphthalene 
are given the prefix ar- or ac- to indicate that 
the functional grouj) is in the unhydrogenated 
or hydrogenated ring, in the former case the 
compound being aromatic and in the latter 
alicyclic in character. 

General Methods for Hydrogenation of 
Naphthalene. 

Naphthalene can be hydrogenated by many 
kinds of reducing agent, the most important 
being (a) hydriodic acid ; (fe) a metal in combina- 
tion with an alcohol, water, or other source of 
hydrogen ; (c) hydrogen and a catalyst. 

(a) Hydrogenated naphthalenes were obtained 
by heating naphthalene with hydriodic acid, 
with or without phosphorus, by Berthelot (Bull. 
Soc. chim. 1868, [ii], 9, 228), Baeyer (AnnaJen, 
1870, 166, 276), Graebe (Ber, 1872, 6, 678), 
Agrestini (Gazzetta, 1883, 12, 495), Graebe and 
Guye (Ber. 1883, 16, 3028), and Wreden 
(Annalen, 1887, 187, 164). The reaction pro- 
ducts are complex and are dependent on the 
temperature. At temperatures between 170® 
and 280®, the formation of tetra-, hexa-, and 
deca-hydronaphthalenes has been reported. 
There is a suggestion that the tetralin obtained 
by this process is not identical with the 1:2:3:4- 
tetrahydronaphthalene obtained by other 
methods, the supposition being based on the 
statement by Graebe and Guye that the barium 
sulphonate from their product crystallised with 
1’6H|0, whilst that uom tetralin 6'om other 
sources is anhydrous (Leroux, l.c.) and different 
in ciystalline form. 

{b) When naphthalene is reduced by sodium 
and boiling ethyl alcohoh dihydronaphthalene is 


obtained {v. p. 4156), but when boiling amyl 
alcohol is used tetralin is formed (Bamberger and 
Kitschelt, Ber. 1890, 23, 1561 ; Leroux, l.c.). 
That the formation of tetralin in the latter case 
is due to the higher temperature is made probable 
by the observation that, if naphthalene is 
heated with sodium in solvent naphtha at 145® 
and ethyl alcohol added, tetrahn is formed 
(Bayer & Co., G.P. 306724) or water can be 
used instead of alcohol as a source of hydrogen 
(Chem. Fabr. Griesheim-Elektron, G.P. 370974). 
Tetralin is also formed by the action of sodamide 
(Sachs, Ber. 1906, 39, 3013) or sodium in liquid 
ammonia (Lebeau and Pichon, Compt. rend. 
1914, 168, 1514) on naphthalene. (iSfee also 
p. 412a, action of metals on naphthalene.) 

(c) The catalytic hydrogenation of naphtha- 
lene results in the formation of tetralin or 
decalin according to the conditions used. 
Three kinds of catalyst come into practical con- 
sideration; the platinum-palladium type, the 
nickel type, and the molybdenum oxide or sul- 
phide type, and reaction may be carried out 
either in the vapour or liquid phase. 

The hydrogenation of naphthalene using 
platinum black as catalyst and ether or glacial 
acetic acid as solvent was studied by Willstatter 
and Hatt (Ber. 1912, 45, 1474) and WiUstatter 
and King {ibid. 1913, 46, 527), who obtained 
as sole product decahydronaphthalene, although 
when 1:2 - dihydronaphthalene was treated 
similarly, tetrahydronaphthalene was formed. 
Straus and Lemmel also obtained tetralin by 
hydrogenating l:2-dihydronaphthalene with pal- 
ladium as catalyst, but with platinum in glacial 
acetic acid more highly hydrogenated products 
were formed {ibid. 1921, 54 [B], 25). When 
it became clear that tetralin was always formed 
intermediately in the hydrogenation oi naphtha- 
lene to decalin in presence of nickel, Willstfi-tter 
and Seitz {ibid. 1923, 66 [B], 1388) reinvesti- 
gated the hydrogenation in presence of platinum 
black, and discovered that the presence of 
oxygen was an important factor in determining 
the course of the hydrogenation. When the 
catalyst was rich in oxygen, tetralin was formed 
and was not further hydrogenated; fis the 
amount of oxygen present was decreased, forma- 
tion of decalin increased and with small amounts 
of oxygen present only decalin was formed. 
Further it appeared that with a minimal quan- 
tity of oxygen, tetralin is once more the product. 
These observations led the authors to postulate 
the primary formation of different dihydro- 
compounds; the l:2-compound being the most 
stable, woiild be further hydrogenated to 
tetraJ^ ; a dihydro-compound with a hydrogen 
atom attached to each nucleus might become 
perhydrogenated if the catalyst were poor in 
oxygen, or dehydrogenated if it were rich in 
oxygen. 

Zelinsky (ibid. 1923, 56 [B], 1723) observed 
that, in the vapour phase, decalin is smoothly 
dehydrogenated to naphthalene when passed 
over paEadium black at 300°; tetrahn can be 
hydrogenated to decalin at 120® using the same 
catalyst, or using platinised asbestos at 150®. 
R. P. linstead and his co-workers ( J.C.S. 1937, 
1146) fotmd that tetralin is quantitatively 
dehydrogenated by boiling (Uquid phase) with 
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active platinum or palladium, the best form of 
the latter being palladised charcoal. Decalins 
(ci«- and trana-) were only very slowly de- 
hydrogenated in the liquid phase, and it is 
interesting to note that the octalins examined 
(trarts-A^ and J®) underwent disproportionation 
into tetralin and decahn, the former then being 
dehydrogenated. 

The use of a nickel catalyst for the hydro- 
genation of naphthalene was studied by 
Ipatieff (Ber. 1907, 40, 1281). He used nickel 
oxide, and found that, under a pressure of 
100-120 atm. at 200-250°, hydrogenation 
stopped with the formation of tetralin, but 
when this was retreated with fresh catalyst, 
decalin, b.p. 189-191°, was formed. Sabatier 
and Senderens had previously obtained tetralin 
by passing a mixture of naphthalene vapour and 
hydrogen over reduced nickel at 200° (Compt. 
rend. 1901, 132, 1254) and the vapour phase 
reduction was further studied by Leroux (Ann. 
Chim. 1910, [viii], 21, 458). He found that 
hydrogenation to tetralin proceeded readily at 
200° using nickel which had been reduced from 
its oxide at 280°. To hydrogenate the tetralin 
to decalin, considerable attention to detail is 
required. A highly active nickel is necessary, 
the sample used being obtained by reducing the 
oxide at 250°; and the temperature must be 
near 160°, since above 170° dehydrogenation of 
decalin to tetralin occurs. The decalin so 
obtained had, after purification, b.p. 187-188°. It 
was also foimd by Lush ( J. Soc. Chem. Ind. 1927, 
46, 464 t) that at 200°, and atmospheric pressure, 
only tetralin is formed, but as the pressure 
is increased and reaction takes place more and 
more in the liquid phase, decalin production 
increases. At 160°/300 lb. sq. in., the product 
contained 42*9% of decalin. Similar results 
were obtained by Kagehira (Bull. Chem. Soc. 
Japan, 1931, 6, 241) who stated that the decalin 
obtained at 160°/91 atm. was a mixture of 90% 
of CIS- and 10% of irorw-isomer. The effect of 
higher temperatures was studied by Waterman, 
Clausen, and TuUeners (Rec. trav. chim. 1934, 
58, 821) using nickel on kieselguhr as catalyst. 
With an initial pressure of 113 kg./cm.® between 
243° and 300° only tetralin was formed and no 
higher hydrogenation occurred. With fresh 
catalyst, however, hydrogenation could be 
re-started at 100° and continued up to 257°, 
giving a mixture of cw- and fraTW-decalin. 
When this mixture was heated with a nickel 
catalyst at 260-300°, isomerisation occurred, 
presumably cia- changing to fruTia-decalin. 

The dehydrogenation of tetralin by Raney 
nickel has been studied by Adkins and Reid 
(J. Amer. Chem. Soc. 1941, 68, 741) who found, 
in the liquid phase, 40% dehydrogenation at 
300° and 78% at 350°. These auHiors prefer 
to prepare tetralin by hydrogenating naj^tha- 
lene at 150-200° with a copper chromite 
catalyst. 

When hydrogenation of naphthaleile is carried 
out using a platinum or a nickel catalyst, free- 
dom from catalyst poisons, esmcially sulphur 
compounds, is essential, and the naphth^ene 
must first be rigorously purified. The discovery 
that molybdenum and tun^ten oxides and sul- 
phides can be used as hydrogenation catalysts 


which are not deleteriously affected by sulphur 
compounds is therefore of considerable im- 
portance. The first patent for this process 
appears to be that of the Hungarian chemist 
J. Varga (B.P. 333453 ; F.P. 683070, 1928) who 
passed naphthalene over a molybdenum or 
tungsten catalyst, e.^., molybdic acid, with 
excess of hydrogen in the presence of hydrogen 
sulphide or sulphur, at a temperature of 460° 
using a short contact time (about one minute) 
and obtained a mixture of tetralin and decalin. 
M. K. Biakova hydrogenated purified naphtha- 
lene to tetralin using molybdenum oxide as 
catalyst at 435-445°/ 100-235 atm. (J. Appl. 
Chem. Russia, 1931, 4, 819). Further work was 
done in Russia by Prokopetz and Jeru {ibid, 

1934, 7, 159), who state that, using as catalyst 
molybdenum sulphide 320-370°/200 atm., a 
mixture of tetralin and decalin is obtained. The 
decalin formed at 350° is trana ; any cis formed 
at lower temperatures changes to the trans- 
form in presence of catalyst at 360-370°. At a 
temperature of 384-390°/ 100 atm. they obtained 
100% conversion of naphthalene into tetralin 
(Destr. Hydrog. of Fuels, 1934, 1, 275). A 
patent of I. CM. and E. B. Kamra (B.P. 401724) 
states that tungsten sulphide, WSg, can be used 
to hydrogenate naphthalene to tetralin at 
temperatures between 170° and 300°, and pres- 
sures as low as 10 atm. ; some hydrogen sul- 
phide is used with the hydrogen to maintain the 
activity of the catalyst. According to Prokopetz 
and Pavlenko (Koks i. Chim. 1934, 4, 58) coke- 
oven gas can be used as the reducing agent with 
molybdenum sulphide, the best conditions being 
420°/250-260 atm. The publications generally 
agree that molybdenum catalysts require a 
higher temperature than nickel. 

The course of the high-pressure hydrogenation 
of naphthalene with molybdenum and tungsten 
catalysts has been discussed in publications by 
Varga and by Prokopetz which are inaccessible 
in this country (for summaries see Chem. Zentr. 

1935, I, 1642) ; and by C. C. Hall (Fuel, 1933, 
12, 76). There is general agreement that break- 
down to benzenoid hydrocarbons starts when a 
catalyst is present at temperatures above 400°. 
In the absence of a catalyst HaU found (working 
in a nickel steel vessel) that naphthalene is 
stable at 450° but, at 500°, 20-30% is converted 
into tetralin and low-boiling hydrocarbons. In 
presence of active carbon and ammonium molyb- 
date tetralin formation starts at 350° and is 
nearly complete at 400° ; at 500°, 50% is con- 
verted to low- boiling hydrocarbons, which are 
supposed to be formed from tetralin in the 
stages TO-butylbenzene, ethylbenzene, toluene, 
benzene. No o-xylene was found. These ob- 
servations agree substantially with those of 
Ipatieff and Kejukwin using a nickel-alumina 
catalyst at 450-480°, except that these authors 
reported formation of o-xylene (Ber. 1925, 58 
[B], 1). Prokopetz states that decalin is much 
less thermo-stable than tetralin, beginning to 
decompose in presence of a molybdenum catalyst 
at 400°, presumably by de^drogenation to 
tetralin. Other observers agree that the 
benzenoid hydrocarbons arise from decom- 
position of tetralin, but they differ some- 
what as to the jaroducts formed. I.Q. (B.P. 
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389171) reported the formation mainly of di- 
ethylbenzenes and cymene using molybdenum 
or tungsten oxides at 340-500°/50-350 atm., 
whilst Jeru, using molybdenum sulphide or 
tungsten oxide containing sulphur at 415- 
626^/100 atm., obtained a 70-76% yield of liquid 
hydrocarbons among which were identified 
toluene, ethylbenzene, and propylbenzeno. 
Ipatieff (J. Amer. Chem. Soc. 1933, 65, 3696) 
reported naphthalene along with benzene 
hydrocarbons under similar conditions, and 
Kosaka and Dan (J. Soc. Chem. Ind. Japan, 
1941, 44, 21b) found cycZopentane, cycZohexane, 
and methylcyciohexane with the benzene 
derivatives. The last miglit contain much 
ethylbenzene (12% yield) under favourable j 
conditions. 

Tht Action of Metals on apJUhalene . 

Schlenk and Bergmann have shown (Annalen, 
1928, 463, 85 ; 464, 1) that lithium forms with 
naphthalene a l:4-addition compoimd which is 
hydrolysed to J'^-dihydronaphthalene and is 
converted by carbon dioxide to l:4-dihydrO' 
naphthalene- 1 :4-dicarboxylic acid, m.p. 226- 
227°. Sodium reacted very sluggishly with 
naphthalene, but more recently it has been 
shown that sodium also reacts with naphthalene 
in a suitable solvent. Ethyl ether does not 
favour the reaction, but dimethyl ether, and 
particularly ethylene glycol dimethyl ether, 
promote it. Sodium is added in small pieces to 
a stirred molal solution of naphthalene in the 
solvent in an atmosphere of nitrogen when a 
dark green solution is obtained j not more than 
1 atomic proportion of sodium can bo dissolved 
per 2 mol. of naphthalene, and the temperature 
must be kept between - 1 0° and + 30° by cooling, j 
When the resulting solution is treated with 
carbon dioxide, preferably simultaneously with 
its preparation, a mixture of l:4-dihydronaph- 
thalene-l:4-dicarboxylic acid, m.p. 228-230°, and 
1 :2-dihydi*onaphthalene- 1 :2-dicarboxylic acid, 
m.p. 1&-190°, is formed, about 45-60% yield 
of the former and 28-32% of the latter (N. D. 
Scott, J. E. Walker, and V. L. Hansley, J. Amer. 
Chem. Soc. 1936, 58, 2442; Walker and Scott, 
ibid. 1938, 60, 951 ; also B.P. 443361 ; 445417, 
449634; U.S.P. 2023793; 2064303; 2060829; 
2066766). The l:4-acid is oxidised by bromine 
to naphthalene- l:4-dicarboxylio acid and by 
ferricyanide to a-naphthoic acid. The l:2-acid, 
which is much more soluble in water than the 
other, is oxidised by ferricyanide to j8-naphthoic 
acid with some a-isomer (U.S.P. 2064100). 
The l:4-acid has been applied to the preparation 
of resins and plasticisers (U.S.P. 2036346 ; 
2040882; 2060829; 2065766). 

The action of potassium on naphthalene in 
liquid ammonia has been studed by C. B. 
Wooster and F. B. Smith (J. Amer. Chem, Soc. 
1931, 68, 179). 

There are statements that sodium can be 
used as a catalyst for hydrogenating naphtha- 
lene, A process is described in which naphtha- 
lene was heated in an autoclave with sodium 
and hydrogen at 100 atm. pressure and a 
temperature near 300° ; above 300° tetralin I 
was formed and below 300° mainly decalin j 


(I.G., G.P. 488769). Another patent claims 
that a lower temperature can be used when the 
catalyst is a sodium potassium alloy (G.P. 
47.3457). F. W. Bergstrom and J. C. Carson 
(J. Amer. Chem. Soc. 1941, 68, 2936) describe 
the hydrogenation of naphthalene to tetralin 
in the presence of sodium at 1 72- 2 16°/ 1,000- 
2,000 lb. per sq. in. Using lithium as catalyst 
only a little tetralin was formed ; calcium gave 
56% conversion to tetralin at 260-265°. 

Hydrogenation of Substituted Naphthalenes. 

The course of the hydrogenation of substitu- 
tion derivatives of naphthalene depends on 
many factors and cannot be foretold from a priori 
considerations. Di- and tetra-hydro-products 
may be obtained, two possibilities being open, 
namely hydrogenation of the substituted or of 
the unsubstituted ring. Under more drastic 
conditions, decahydro derivatives may be 
formed. There is also the possibility, fre- 
quently realised, of elimination of the sub- 
stituent group with formation of tetralin or 
decalin. The course of reduction is governed 
not only by the nature of the substituent group 
but also by its position, whether a or j8; it is 
also influenced by the nature of the reducing 
agent, and in the case of catalytic reduction by 
the activity of the catalyst and by temperature 
and pressure conditions. A few examples will 
serve to illustrate these points, especially the 
hydrogenation of the a- and jS-naphthols and 
-naphthylamiiies. 

Bamberger and Bordt (Ber. 1890, 28, 215) 
found that when a-naphthol is reduced with 
sodium and amyl alcohol only ar-tetrahydro-a- 
naphthol is formed, and this conclusion was 
confirmed by Schroeter (Annalen, 1922, 426. 7), 
who also studied the hydrogenation in presence 
of a nickel catalyst at 200° and found only 
25-30% of ar-tetrahydro-a-naphthol in his 
product, the greater part having been converted 
into tetralin, though 10% of a-tetralone was 
also present. It appeared therefore that the 
major attack under these conditions was on the 
ring carrying the hydroxyl group, for the tetra- 
lone is an isomerisation product of 3:4-dihydro- 
1-naphthol, and further hydrogenation of this 
would give ac-tetrahydronaphthol from which 
tetralin would be formed by dehydration fol- 
lowed by further hydrogenation. Indeed, 
Brochet and Comubert, working with a metal 
catalyst at a lower temperature, 130°, claimed 
to get a product containing 86% of ac- and 
only 16% of ar-tetrahydro-a-naphthol (Bull. 
Soc. chim. 1922, [iv], 81, 1280). At a still 
lower temperature (110°) Komatsu and Nodzu 
obtained 41% of crude ar-tetrahydro-a-naphthol 
and 61% of a-tetralone with some tetralin, 
whilst at 136-146° they found only 10% of ar- 
and 90% of mixed ac-compound and tetralin 
(Mem. Coll. Sci. Kyoto, 1923, 6 , 177). Kimura 
{ibid. 1931, A, 14, 173) obtained 69-3% of ac- 
and 40-7% of ar-tetrahydro-a-naphthol, using 
nickel at 130-160°/63 atm., and stated that the 
proportion of ar-oompound increased with in- 
creasing pressure of hydrogen. Using a Eaney 
nickel catalyst at 155°, Musser and Adkms 
(J. Amer. Chem. Soc. 1938, 00, 664) found that 
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5 parts of ar-tetrahydro-a>naphthol were formed 
against 3 parts of the oc-compound, the latter, 
however, becoming converted to tetralin ; using 
copper chromite as catalyst at 190°, the ratio 
w'as 2 parts of ar- to 1 part of ac-tetrahydro-a- 
naphthol. Palfray, however, using Raney 
nickel at 667150 kg. per sq. cm., observed the 
formation of uc-tetralol and tetralin only 
(Compt. rend. 1938, 206, 1976). 

jS*Naphthol, by contrast with a-naphthol, 
when reduced with sodium and amyl alcohol, 
gives predominantly the ac - tetrahydro - - 

naphthol with only a few per cent, of the ar- 
compound (Bamberger and Kitschelt, Ber. 
1890, 23, 885 ; Schroeter, l.c.) Using a nickel 
catalyst, Schroeter again found that the main 
product was ac-j9-totralol, and no tetralin or j5- 
tetralonc was formed. Brochet and Comubert 
(l.c.), using a nickel catalyst under pressure at 
150°, found 75% of ac- and 25% of ar- tetralol 
in their product, absorption of hydrogen stop- 
ping at the tetrahydro stages Musser and 
Adkins (I c.) obtained 87% yield of the ac-tetralol 
using copper chromite catalyst at 190° (cf. 
Palfray, l.c.). By contrast, it is claimed in 
B.P. 468375 (T.G.) that when the hydrogenation 
is carried out in aqueous alkaline or alcoholic 
alkaline solution, using nickel, nickel-chromium 
or nickel-cobalt as catalyst, /3-naphthol gives 
only ar-tetralol. 

The literature on the reduction of naphthol 
ethers is confused, but it seems fairly clear that, 
in general, a-naphthol ethers tend to give ar-, 
and p - naphthol ethers, ac - tetralol ethers, 
whether reduced wdth sodium and alcohol or 
with hydrogen and a catalyst (see Musser and 
Adkins, l.c.). It is claimed, however (T.G., B.P. 
326762, 1928), that ar-compounds only are 
formed by hydrogenating esters and others of 
a- and /3-naphthol using a nickel catalyst at the 
comparatively low temperature of 60-70°, the 
pressure being ca. 50 atm. 

The two naphthylaniines show the same 
difference in their behaviour on reduction as do 
the two naphthols. With sodium and amyl 
alcohol, a-naphthylamine gives the aromatic 
base, ar-tetrahydro-a-naphthylamine (Bam- 
berger and Althaus e, Ber. 1888, 21, 1786) 
whilst j3-naphthylamine gives a preponderance 
of ac-tetrahydro-j3-naphthylamine and only a 
small proportion of aromatic base (Bamberger 
and Kitschelt, ibid. 1890, 28, 876). Catalj^ic 
reduction of a-naphthylamine, e.g., by passing 
the vapour over reduced nickel at 135-145°, 
gives mainly (90%) aromatic base, whereas 
jS-naphthol gave mainly oc-tetralol (Komatsu 
and Nodzu, Mem. CoU. Sci., Kyoto, 1923, [A], 
6 , 177). Similar reduction of )3-naphthylamino, 
however, gives primarily 76% of or- and 24% of 
ac- base, so that with )3-naphthylamine the 
nature of the products is profoundly affected by 
the reducing agent used (T. Kara, ibid. 1924, [A], 
7,406; B.P. 290175; 606928; G.P. 681831). It 
is stated by the Goodyear Tire Co. (B.P. 396232) 
that the products of catalytic hydrogenation 
of N -substituted j8-naphthylamines are affected 
by the conditions used ; with a nickel catalyst at 
180-200®, phenyl-jS-naphthylamine is said to 
give almost pure ac-tetrahydro derivative (B.P. 
418374). 


The reduction of other functional derivatives 
of naphthalene is dealt with under the respective 
functional derivatives of tetralin. 

Manufacture of Tetralin and Decalin. 

The manufacture of tetralin and decalin was 
started by the Tetralin G.m.b.H. shortly after 
the end of the war of 1914-1918, using a catalytic 
process with a nickel-containing catalyst. Very 
little information regarding the process adopted 
has been published beyond that contained in a 
paper by Schroeter (Annalen, 1922, 426, 7). 
Tetralin and decalin are now mauul'<.c ured by 
Imperial Chemical Industries, Ltd. 

Bor the catalytic process, when a catalyst 
sensitive to sulphur, such as nickel, is to be 
used, it is essential first to purify the naphtha- 
lene. A number of methods for doing this have 
been patented. According to Schroeter, the 
crude, hot-pressed naphthalene is treated with 
finely divided or easily fusible metals and then 
distilled under reduced pressure. Such methods, 
using sodium as the metal, are described in G.P. 
299012 ; 299013. The naphthalene may be 

vaporised and passed over sodium, iron, or 
nickel at 150° ; or the treatment can be carried 
out in an organic solvent, which may be tetralin. 
Other methods in which the purifying agent is 
an absorbing substance such as fuller’s earth, 
kieselguhr, or charcoal, used at 150°, have been 
described (Tetralin G.m.b.H., G.P. 324861/2/3, 
1915-1910), and a metal, nickel or iron, may be 
used at the same time. A more recently pro- 
posed method is to heat crude naphthalene with 
hydrogen under pressure at 300-470° without 
any catalyst. The impurities are said to under- 
go polymerisation and condensation, and by 
distillation a yield of 80-85% of naphthalene 
suitable for hydrogenation is obtained (Gewerk- 
schaft M. Stinnes, G.P. 610829). Schroeter (f.c.) 
has described in some detail the laboratory 
preparation of tetralin (the product obtained 
had 0*974-0'976, setting-point —27° to 
—30°, b.p. 206-208°, flash-point 78°), but his 
description of the manufacturing process is 
given in very general terms. The manufacturing 
process worked out by Schroeter, Gewinner, and 
Schrauth for the Tetralin G.m.b.H. at Rodloben 
bei Rosslau was based on the laboratory process 
described by Schroeter. 

Decalin was obtained by hydrogenating the 
tetralin with fresh catalyst under similar con- 
ditions at a constant hydrogen pressure of 
12-15 atm., the time required being about 
4 hours. It can be purified from tetralin and 
other impurities by digesting with a little sul- 
phuric acid, separating from a resinous residue, 
washing, drying, and distilling. So obtained it 
had b.p. 189-19J°/770 mm., pf 0-8842, and 
formed a glassy solid at —126°. 

In a modem process the naphthalene to be 
treated is melted, filtered from solid particles, 
and pumped to the reaction vessel where it 
meets the hydrogen and .passes with it over the 
catalyst. The product obtained, which is almost 
free from naphthalene, is pumped to a still 
where it is distilled and separated into two main 
fractions consisting almost exclusively of tetra- 
and deca hydronaphthalene respectively. The 



414 


NAPHTHALENE. 


separation is good and farther purification of the 
products is not normally necessary. 

The British products are marketed under the 
names “ Tetranap ” and “ Dec ” and conform 
to the following specifications : 



Tetranap." 

“ Dec." 

Boiling range : 

Not more than 5% 
below .... 

203® 

180° 

Not less than 95% 
below .... 

208° 

195® 

Specific gravity at 15®- 
16°c 

0*968 

0*880 

Total sulphur . 

0*01% 

0*01% 

Colour 

Water- 

Water- 

Flash-point 

white 

160 °f. 

white 

126 ®f. 


The British “ Dec *’ is almost entirely trans- 
decahydronaphthalene whereas the German 
Dekalin consists of about 60% cis- and 40% 
^ra»w-decahydronaphthalene. 

Uses of Tetranap ” (Teiralin) and “ De4i ” 
(Decalin). 

Tetralin is a powerful solvent for naphthalene 
and is used extensively in the gas industry for 
dissolving naphthalene deposits and, more 
particularly, for the prevention of such deposits, 
by the operation of “ fogging.” This consists in 
injecting the solvent into the gas stream in the 
form of a mist or spray. A fall in temperature 
resulting in naphthalene condensation also 
causes the simultaneous condensation of sufficient 
** Tetranap^' to dissolve the naphthalene and 
remove it to a collecting vessel. Gum formation 
is also prevented by “ fogging.” “ Tetranap ” 
is also an excellent solvent for meter mechanisms 
{see F. Schuster, Gas-u. Wasserfach. 1930, 78, 
1009 ; P. Deutsch, ibid. 74, 246 ; G. Wcissen- 
berger, ibid. 1931, 74, 164). Tetranap"' has 
an excellent solvent power for a wide range of 
oils, waxes, tars, natural and most synthetic 
resins (Tetralin G.m.b.H., G.P. 301651, 1916). 
It is miscible in all proportions with aliphatic 
alcohols (except methanol), with chlorinated 
hydrocarbons, methylcycZohexane, methylcyclo- 
hexanol, methylcyc/ohexanone, etc. It is used 
in the paint industry as a paint remover and to 
prevent or minimise “ skinning.” It can also 
be used for the preparation of bitumen emulsions 
and as a solvent for asphalts and metallic soaps. 
It is said to be more effective than naphthalene 
as an insecticide against clothes moth (Colman, 
J. Econ. Entomo)., 1934, 27, 860). It has also 
been suggested as a dispersion medium in the 
hydrogenation of coal (Fisher and Eisner, Ind. 
Eng. Chem. 1937, 29, 939). “Dec” is a 
powerful solvent and is sold as a satisfactory 
substitute for turpentine, finding extensive use 
in the paint industry. It dissolves drying oils, 
and although its evaporation rate is low the 
ultimate drying time of paints and varnishes is 
imaffected, and the high flash-point diminish^ 
the fire hazard. “ Dec ” dissolves drying oik, 


soft resins, natural and synthetic waxes, 
bituminous materials and, in particular, syn- 
thetic resins of the glyptal type. Paints in 
which “ Dec ” wholly or partially replaces 
turpentine give a harder and more abrasion- 
resistant film, and varnish films are less sus- 
ceptible to wrinkling, silking, and webbing. 
Paints thinned with “ Dec ” also have superior 
flow properties. 

Isomerism Amongst Hydrogenated 
Naphthalenes. 

Only two dihydrides of naphthalene are 
known, the 1:2- and l:4-isomers, and only one 
tetrahydride with certainty, the l:2:3:4-com- 
pound, tetralin. It seems unlikely that other 
isomers can have any stability. When the 9 and 
10 cnrbon atoms of naphthalene are hydro- 
genated, cisdrans isomerism comes into play; 
thus decalin exists in two forms, cis- and trans-, 
represented diagrammatically in I and II. 



cu-deealln. 



II. 

fmwtf-dccalin. 


In the octahydronaphthalene series (octalins), 
there are four possible positions for the one 
double bond, namely 1:2, 2:3, 1:9, and 9:10; in 
addition the first two compounds can show cis- 
trans isomerism, making six isomers in all. 
The hexalins form a more complicated series, 
but of these little is known. 

Tetralin forms two series of substituted 
derivatives, those in which the substituent is in 
the aromatic nucleus (the ar- derivatives) and 
those in which it is in the hydrogenated ring 
(the oc- series). The former series gives the 
usual position isomers ; in the latter series, 
mono-substitution products can exist in optically 
active {d- and U) forms, and when more than 
one carbon atom carries a substituent, cis-trans 
isomerism also appears. 

Decalin substitution products are very com- 
plicated in their isomerism. The 1- and 2- 
monosubstitution products can each exist in 
four forms, two derived from cis- and two from 
fra?ts-deoaJin ; in addition, each of these forms 
is asymmetric and should be resolvable into d- 
and l-forms, making eight isomers in all. As 
the number of substituents increases the number 
of possible isomers rises rapidly, and the 
phenomena of isomerism have therefore greatly 
oom^^cated the study of decalin chemlBtiy. 
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DIHYDRONAPHTHALENES. 

Two dihydrides of naphthalene are known, 
namely l:4-(or J2-)dihydronaphthalene (I) and 
l:2-(or Ji)dihydronaphthalene (II). The 



I. II. 


former is the first product of reduction of 
naphthalene by sodium and ethyl alcohol ; 
the latter is obtained when the former is heated 
with sodium ethoxide in alcohol, [a-] and 
Ij5*]naphthaqumones are respectively the diketo- 
compounds corresponding with (I) and (11). 
Both dihydronaphthalenes show the properties 
of aliphatic ethylene compounds in forming addi- 
tion compounds with halogens and in forming 
halohydrins. They do not form picrates. 

The heats of hydrogenation of the two dihydro- 
naphthalenes to tetralin, determined by R. B. 
Williams (J. Amer. Chem. Soc. 1942, 64, 1402) 
are, for -dihydro-, —24*6, and for J‘^-dihydro- 
naphthalene, — 27*6 kg.-cal. per mol. 

The two dihydronaphthalenes are distin- 
guished from one another by their different 
oxidation products, and their constitutions are 
thereby confirmed. With potassium perman- 
ganate, J^-dihydronaphthalene yields o-pheny- 
lenediacetic acid, whilst -dihydronaphthalene 
yields o-carboxyphenylpropionic acid (Straus 
and Rohrbacher, Ber, 1921, 54 [B], 40), and by 
the action of ozone and decomposition of the 
ozonide, jS-o-aldehydophenylpropaldehyde (von 
Braun and Zobel, ibid, 1923, 66 [B], 2139). 

J^-Di hydronaphthalene (I) is prepared by 
the method of Bamberger and Lodter {ibid. 
1887, 20, 3075; Annalen, 1896, 288, 74) by 
boiling a solution of 15 g, of naphthalene in 
300 c.c. of absolute alcohol with 22*6 g, of 
sodium until the metal has dissolved. The 
crudp product contains besides some naphthalene 
and tetralin, about 5% of J ^-dihydronaphtha- 
lene (Straus and Lemmel, Ber. 1921, 54 [BJ, 26) ; 
according to Cook and Hill (J. Amer. Chem. 
Soc. 1940, 62, 1995) the amount of the last can 
be reduced to a trace by carrying out the 
reduction in presence of benzene. The crude 
product is best purified by preparing the addition 
compound which J^.^j^ydronaphthalene forms 
with mercuric acetate, discovered by J. Sand 
and 0. Gennsler (Ber. 1903, 86, 3706) and used 
for the purpose of separation by Strauss and 
Lemmel (ibid, 1913, 46, 232) and subsequently 
by other workers. The mercuric acetate com- 
TOTind has m.p. 122^ (Sand and Gennsler) and 
forms a bromide, m.p. 159®. When treated with 
add it yields pure J ^-dihydronaphthalene, m.p. 
24*5-25° (Strauss and Lemmel), 26*5° (R. A. 
Morton and De Gouveia, J.C.S. 1934, 916); 
b.p. 94*5°/17 mm. (Strauss and Lemmel), 
96°/18 mm. (Cook and Hill, U.) ; pf 1*006 (von 
Auwers, Ber. 1913, 46, 2988). The ultra-violet 
absorption was studied by Horton and De 
Gouveia (he,) who found well-marked bands at 


274 and 267 m/x. and point out that its absorp- 
tion is practically identical with that of tetralin. 
According to Kimula and Dunicz (Z. physikal. 
Chem. 1938, 181, 359) both dihydrouaphthalenes 
are dehydrogenated by ultra-violet radiation. 

J^-Dihydronaphthalene has also been ob- 
tained by a number of other methods, e.g., from 
ar-5:8-dihydro-a-naphthylamine (Rowe and 
Levin, J.C.S. 1920, 117, 1677) and by the reduc- 
tion of ac-2:3-dibromotetrahydronaphthalene 
(Strauss, Ber. 1913, 46, 1051), but none are 
important for its preparation. The addition 
compounds arc described under tetralin deriva- 
tives. 

J^-Dihydronaphthalene (II) is formed 
quantitatively when d ^-dihydronaphthalene is 
heated for 1 hour at 100-106° with 10% sodium 
ethoxide in alcohol (Strauss, ibid. 1913, 46, 
1051) ; the rate of conversion increases with 
temperature and with the concentration of 
sodium ethoxide (Strauss and Lemmel, ibid. 
1921, 54 [B], 25). It was shown by Strauss that 
the dihydronaphthalene obtained by WiU- 
st&tter and King (ibid. 1913, 46, 627) by distill- 
ing oc-tetrahydronaphthyltrimethylammonium 
hydroxide is the not the J^-compound as 
stated. The J ^-compound has been obtained 
by a number of other processes, particularly 
from ac- l:2-dibromotetrahydronaphthalene by 
treatment with zinc and alcohol (Bamberger 
and Lodter ; Strauss and Lemmel ; Willst&tter 
and King) or by the action of magnesium and 
ether, or tin and alcohol (von Braun, G.P. 
316218, 1918 ; von Braun and Kirschbaum, 
Ber. 1921, 54 [B], 697) or coppered zinc dust 
(Strauss and Ekhard, Annalen, 1926, 444, 146), 
or by distilling potassium J^-dihydronaphthoate 
wdth slaked hme (Strauss and Lemmel) ; and 
from ar-7:8- or -6:6-dihydro-a-naphthylamine 
through the diazonium compound (Rowe and 
Levin, J.C.S. 1920, 117, 1678). It is distin- 
guished from the J^-isoraer by not forming an 
additive compound with mercuric acetate, by 
which it is oxidised to a mixture of stereo- 
isomeric glycols. An account of the addition 
and oxidation products of -dihydronaphtha- 
lene is given by Straus and Rohrbacher (Ber. 
1921, 54 [B], 40). The dibromide, li2-dibromo~ 
l:2:Z A -tetrahy dr onaphtheUer^, forms prismatic 
crystals, m.p. 70-71°. 

-Dihydronaphthalene is steam- volatile, has 
an unpleasant, penetrating smell, and crystal- 
lises in plates, m.p. —8 to —7°, b.p. 84-86°/12 
mm. (Strauss and Lemmel), m.p. —4°, b.p. 
83-84°/6 mm. (Morton and De Gouveia, l.c.), 
p^ 0*997 (von Auwers, l.c.). It is difficult to 
separate by physical means from naphthalene, 
with which it is said to form an isomorphous 
mixture. The absorption spectrum has been 
described by Morton and Dc* Gouveia (l.c.) the 
principal maximum being at 262 mp., with 
log e 4*01. 

The oxidation of JLdihydronaphthalene by 
ozone was studied by von Braun and Zobel 
(ibid. 1923, 56 [B], 2139). 

A polymer of J ^-dihydronaphthalene, m.p. 
about 220°, has been described by von Braun 
and Kirschbaum (l.c.), and a dimer, m.p. 51-52°, 
by Walker and Du Pont (U.S.P. 2168011). 
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Substitution Derivatives of 
Dihydeonaphthalbnes. 

Numerous derivatives of dihydronaphthalenes 
are recorded in the literature, and only a few can 
be mentioned here. They are formed, for 
example, by controlled hydrogenation of sub- 
stituted naphthalenes, by dehydration of ac- 
tetralols, and in the course of ring-syntheses of 
naphthalenie compounds. 

1- Bromo-A^ -dihydronaphthalene, b.p. 144-146°/ 
17 mm. was obtained by Strauss and Rohr- 
bacher {ibid. 1921, 64 [R], 40) by heating 1:2- 
dibromotetralin at 130-175° under diminished 
pressure; von Braun and Kirschbaum {ibid., 
p. 697) obtained the same compound, b.p, 
137°/16 mm., by heating ]:2-dibromotetralin 
with diethylamine or pyridine. 

&T-r):S-Dihydro-a-naphthylamine, or 5-amino- 
J^-dihydronaphthalene, colourless plates or 
needles, m.p. 37*6°, is formed (together with a 

-isomer) by reduction of a-naphthylamine 
with sodium and absolute ethyl alcohol in the 
presence of solvent naphtha ; it forms a crystal- 
line hydrochloride, an acetyl derivative, m.p. 
163°, and a benzylidene derivative, m.p. 69°. It 
is converted by heating for 1 hour at 140° vdth 
sodium ethoxide into ar-7:8- or -(S:Q-dihydro-a- 
naphthylamine, b.p. 180-182°/30 mm., which 
forms a hydrochloride, feathery needles, an 
acetyl derivative, m.p. 163°, and a henzylide'ne 
derivative, m.p. 64°, and by elimination of the 
amino group gives l:2-dihydronaphtJmlene (Rowe 
and Levin, J.C.S. 1920, 117, 1574). The bromi- 
nation of 5:8-dihydro-acet-a-naphthalide was 
studied by Rowe and Davies {ibid. 1922, 121, 
1000). 

2- Nitro-A^ -dihydronaphthalene, m.p. 52°, was 
prepared by Strauss and Ekhard (Annalen, 
1925, 444, 146), in a study of the action of 
nitrous acid on -dihydronaphthalene. 

Reduction of a-naphthol with sodium and 
ethyl alcohol in toluene or solvent naphtha gives 
a mixture of 5:8- and 5:6(or 7:8)-dihy(iro-a- 
naphthols. Reduction appears to follow the 
same course as that of naphthalene, giving first 
the J^-dihydro derivative which is converted 
by heating with sodium ethoxide to the d^-form. 
If the reduction is completed by distilling off the 
solvent and heating at 126°, only the -dihydro 
derivative is obtained. The latter is reduced by 
further treatment with sodium and ethyl alcohol 
to ar-tetrahydro-a-naphthol, whilst ar-J ^-di- 
hydro- a-naphthol is not affected. 

ar-5:S-Dihydro-a-naphthol, m.p. 76°, is ob- 
tained from the corresponding amine by the 
diazo reaction. ar-6:6 (or l:^)-Dihydro - a - 
naphthol, m.p. 71°, is obtained similarly, or by 
reduction of a-naphthol as described above. 
Both form soluble sulphonio acids which when 
nitrated, followed by removal of the suljlho- 
group by hydrolysis, give respectively ar-2- 
nitro-5:8-, m.p. 98°, and a,r-2-nitro-5:6{oT 7:8)- 
dihydro-a-naphthol, m.p. 66° (Rowe and Levin, 
J.O.S. 1921, 119, 2021). Nitrous acid converts 
the dihydronaphthols into 4-nitroso-5:S-, m.p. 
161°, and 4-nitro80-5:Q(or 7:S)-dihydro-a-naph- 
MLa {ibid. 1927, 631). 

Two oc-dihydro-a-naphthoic acids are known. 
The less stable a>Q-lA-dihydro-a-nc^hihoic acid 


is formed when a-napthoic acid is reduced with 
sodium amalgam at low temperatures ; it has 
m.p. 86-87°; ethyl ester, b.p. 166-167°/17 mm. 
The stable ^A-dihydro-l-vajihthoic acid is 
formed when the labile acid is boiled with 
sodium hydroxide for some time; it has m.p. 
121°; ethyl ester, b.p. ]85-186°/17 mm. (von 
Auwors and MoUer, J. pr. Chem. 1925, [ii], 109, 
124). (For earlier work on these dihydro -acids, 
see Bayer et at., Annalen, 1891, 266, 169 ; von 
Sowinski, Ber. 1891, 24, 2354; Kamm and 
McClugage, .1. Amer. Chem. Soc. 1916, 88, 419). 

All three ac-dihydro-jS-naphthoic acids are 
known. Two arc formed in the reduction of 
j8-naphthoic acid by sodium amalgam (Baeyer 
et al., von Sowinski, l.c. ; Derick and Kamm, 
ibid. 1916, 88, 400), namely the labile ac-l:2- 
dihydro- 2 -na 2 jhthoic acid, m.p. 101° {ethyl ester, 
b.p. 152°/12 mm.), and the more stable ac-l:4- 
dihydro-2-naphthoic acid, m.p. 162-163° {ethyl 
ester, b.p. ]63°/12 mm., von Auwers and 
Mbller, Ic.). The third most stable isomer is 
formed by boiling either of the less stable 
isomers with barium hydroxide under pressure, 
or with potassium hydroxide. This isomer, ac- 
3:4-dihydrO‘2-naphthoicacid,h.iiH m.p. 118°, ethyl 
eater, b.p! 159-160°/12 min. (W. Hiickel and E. 
Goth, ibid. 1924, 57 [B], 1285, give m.p. 120° 
for the acid). According to von Auwers and 
Moller, the refractive indices of the eth3d esters 
of all the above acids are in agreement with the 
the structures assigned to them. 

Menthyl esters of the dihydro-a- and -j3- 
naphthoic acids have been described by Rupe 
and co-workers (Annalen, 1903, 827, 188 ; 1910, 
873, 121). 

ar-Dihydronaphthoic acids are said to be 
formed by catalytic hydrogenation of the 
naphthoic acids in presence of platinum oxide 
and acetic acid. Thus Ranedo and Li6n (Anal. 
Fis. Quim. 1927, 25, 421) obtained tw^o isomeric 
ar-dihydro-a-naphthoic acids from a-naphthoic 
acid, one giving an amide, m.p. 186°, the other, 
m.p. 138°, giving an amide, m.p. 200°. Similarly 
Leon and Charro {ibid. 1928, 26, 423) obtained 
two ar-dihydro-j8-naphthoic acids, one of m.p. 
140-141°, amide, m.p. 191°, the other of m.p. 
132-133°, amide, m.p. 133-134°. 

l:2:3:4-TETRAHYDRONAPHTHALENE 

(TETRALIN). 

Physical Properties . — Tetralin is a colourless, 
steam volatdo oil. Its boiling-point is generally 
given as 206-6° (Schrooter, Annalen, 1922, 426, 
7), but a careful determination by Herz and 
Schuftan (Z. physikal. Chem. 1922, 101, 269) 
gave b.p. 207-3°, and m.p. — 36-Oi O-6°. The 
same authors give the density as =0-9843 
(1— 0*0007630 ; Leroux (Ann. Chim. 1910, [viii], 
21, 468) gave p 0-984, whilst Schroeter gave 
0-971 ; Leuroux gives 1-6402. Other 
constats given by Herz and Schuftan are the 
vapour pressure, given by log p=— 2,681 -S/T 
-f- 1-76 log T-0-003214T-f6-31446 ; heat of 
vaporisation, 79-32 cal./g. ; Trouton constant 
21-8 ; ebullioscopic constant 6,773 ,* specific 
heat (16-18°) 0-403 ; coefficient of expansion 
(16-26°) 0*0078; critical temperature 789°; 
surface tension at b.p. 17-46 dynes/cm. ; mole* 
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cular surfac5e energy 512*9. The molecular 
heat of combustion at constant pressure is 
1,341*2/20° (Roth and von Auwers, Annalen, 
1915, 4^, 174), For absorption spectrum, see 
Morton and De Gouveia, J.C.S. 1934, 919; 
Raman spectrum, Bonino and Celia, Atti R. 
Accad. Lincei, 1931, [vi], 13, 784. 

Chemical Properties. — The further reduction 
and destructive hydrogenation of tetralin have 
already been referred to. When tetralin is 
distilled with aluminium chloride at 170-270°, 
the product consists mainly of benzene and its 
homologues with some cyclopentane and cyclo- 
hexane (Turova- Poliak and Lubimova, J. Gen. 
Chem, Russ. 1938, 8, 538) ; but when it is 
treated with much less than 1 mol. proportion 
of aluminium chloride at 100°, the principal j 
products are octahydroanthracene and octahydro- 
phenathrene^ whilst a more prolonged action 
gives products of higher molecular weight 
(Tetralin G.m.b.H., G.P. 333158, 1919; Boedt- 
ker and Rambech, Bull. Soc. chim. 1924, [iv], 
35, 031). Schroetor (Bcr. 1924, 57 [B], 1990) 
reported the identification of 2:^'-ditetrahydro- 
napkthyl and a-pheMyl-b-naphthyl-w-hidane among 
the products ; the polymerisation of tetralin by 
aluminium chloride at 50° has also been studied 
by Waterman and collaborators (Rec. trav. 
chim. 1937, 56, 59). 

Oxidation of tetralin takes place by attack on 
the hydrogenated ring. When alkaline per- 
manganate is used, the product is mainly o- 
carhoxyphenylpropionic acid ; but by adding 
finely powdered potassium permanganate to a 
hot mixture of tetralin and water a nearly 
quantitative yield of phthalonic acid can be 
obtained (J. von Braun et al.^ Ber. 1923, 66 [B], 
2332; G.P. 405459), some phthalic acid also 
being formed. Improved condiUons for this 
reaction are described by W. Davies and H. G. 
Poole (J.C.S. 1928, 1617). By oxidising tetralin 
with chromic acid in dilute acetic acid, Schroeter 
obtained 1-keto tetralin (G.P. 346948). By a 
still milder oxidation, with lead tetra-acetate, 
R. Criogee obtained }-acetoxy-h2:3A4et.rahydro- 
naphthalene (Annalen, 1930, 481, 263). 

Tetralin Peroxide. — Several workers had 
early reported that tetralin, especially the 
technical product, undergoes change on exposure 
to light and air, and the formation of water by 
exposing the hot vapour to air had been observed 
(c/. Weger, Ber. 1903, 36, 309 ; Ciamician and 
Silber, ibid. 1913, 46, 421 ; Atti R. Accad. 
Lincei, 1913, [v], 22, i, 131). In 1932 Hartmann 
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and Seiberth (Helv. Chim. Acta, 1932, 16, 1390) 
reported that tetralin by oxidation with air 
forms a peroxide to which they gave the formula 
(I). Hook and Susemihl (Ber. 1933, 66 [B], 61) 
Im^er described the preparation and properties 
VoL. VnT.--27 


of the substance, m.p. 56° (cf. 8.C.I. Basle, B.P. 
396351), which they prepared by the prolonged 
passage of air through technical tetralin, at 75°, 
followed by removal of excess of tetralin under 
reduced pressure. A similar method of prepara- 
tion is described by Nussle, Perkins, and Toen- 
nies (Amer. J. Pharm. 1935, 107, 29) who 
obtained the pure compound by rocrystalUsing 
three times from light petroleum — ethyl acetate 
(70:22). 1'he peroxide liberates iodine from 
hydrogen iodide, and oxidises leuco -methylene 
blue. It is stable for a short time at 123° but 
explodes above this temperature, and also on 
contact with concentrated sulphuric acid. It 
can be reduced by zinc dust, or sodium bisul- 
phite in aqueous methyl alcohol to l-tetralol, 
and is converted by warm potassium hydroxide 
into l-totralone. 

The peroxide may cause distillation residues 
from tetralin to explode. Antioxidants such as 
catechol, quiiiol, and jS-naphthol inhibit the 
autoxidation of tetralin (Y. Tanaka et al.y J. Soc. 
Ghem. Ind. Japan, 1934, 87, 445b ; Yamada, 
ibid. 1936, 39, 450b). The kinetics of t he autoxi- 
dation have been studied by K. Ivanov ef al. 
(Compt. rend. Acad. Sci. H.R.S.S, 1939, 25, 34) 
and Medvedev and Podjapolskaja (3. Phys. 
Chem. Russ. 1939, 18, 717). For a priority claim 
to the discovery of tetralin peroxide, see H. 
Kiomstodt (Bremistoff-Chem. 1936, 17, 83). 

Substitution Reactions of Tetralin. 

Towards reagents which effect substitution 
in the aromatic ring, tetralin behaves like a 
1 :2-8ub8titutod benzene, and not like naphtha- 
lene. Thus sulphonation occurs mainly in the 
/3-position, giving the G-sulphonic acid ; nitration 
gives a mixture of a- and jS-nitro-compounds ; 
alkylating and acylating agents in the presence 
of aluminium chloride attack the /3-position 
almost, if not quite, exclusively. Phthalic 
anhydride condenses with tetralin to give 

0- 5:&.7:8~tetrahydrO'2-naphthoylbenzoic acid^ m.p. 
153-155° (Schroeter, Ber. 1921, 54 [B], 2242) ; 
succinic anhydride gives /5-5:6:7:8-teira%(iro-2- 
naphthoylpr op ionic acid, m.p. 121-122° (Kroll- 
pfeiffer and Schafer, ibid. 1923, 56 [B], 628). 
The Friedel-Crafts reaction on tetralin has been 
studied, amongst others, by Scharwin ibid. 
1902, 85, 2511), Hesse {ibid. 1920, 53 [B], 1645), 
Boedtker and Rambech (Bull. Soc. chim. 1924, 
[iv], 35, 633), and Barbot {ibid. 1930, [ivj, 47, 
1314). For the condensation of tetraUn with 
cydopentene and eyeZohexene, see Pokrovskaja 
et al., J. Gen. Chem. Russ. 1939, 9, 1953, 2291). 

H a I oge nation. — Towards halogenating 

agents tetralin behaves like an alkylbenzene. 
When it is treated with chlorine or bromine at 
a low temperature in absence of light, with or 
without a halogen carrier, substitution takes 
place in the aromatic ring ; at a higher tempera- 
ture or under illumination the hydrogenated 
ring is attacked. Chlorination of pure tetralin, 
cold, in the presence of iron gives a mixture of 

1- and 2’Chloro-5:Q:7:8-tetrahydr(maphthale7ie in 
the ratio 3:7 ; both are highly refracting liquids, 
b.p. about 118-n9°/12 mm. By sulphonation 
they are converted into monosulphonic acids, 
but the l-chloro-compound can he sulphonated 
preferentially leaving the isomer imattacked. 
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a^r-l-CMorotetrdlinA-sidphonic acid forms a 
magnesium salt, -t- 2 H 20 , solubility in boiling 
water 1:40, and sparin^y soluble silvery ha/riumy 
and lead salts. a>T-2-Chlorotetralin-Z-8ulphonic 
acid forms more soluble salts than the former ; 
the magnesium salt, + 7 H 2 O, has a solubility 
of 1 part in 6 -6 parts of boiling water; the 
sodium salt, + 2 H 2 O, 1 in 3. 

By fusion with caustic alkali the above two 
acids are converted into ar-tetralol sulphonates 
(Schroeter, Erzberger, and Passavant, Ber. 1938, 
71 [B], 1040; c/. G.P. 417927). 

According to Green and Rowe (J.C.S. 1918, 
113, 970) no e.T-\’Chlorotetralin is formed by the 
action of sodium and amyl alcohol on l-chloro- 
naphthalene; they obtained it from ar-1- 
aminotetralin by the Sandmeyer reaction and 
describe it as having an odour similar to that 
of chlorobenzene ; it has b.p. 250°/748 mm. By 
nitration it was converted into ar-2:4-dwi<ro-l- 
chlorotetraliny m.p. 68°, in which the chlorine 
atom is not reactive even to boiling aniline. 
For the oxidation of ar-l-chlorotetralin, see von 
Braun et al.y Ber. 1923, 66 [B], 2332. 

Exhaustive chlorination of tetralin in dijffuse 
daylight gives 6:6:7:8-<e<racAZofo-l:2:3:4-^e<ra- 
hydronaphthalene {—ar- l:2:S:4:-tetrachloroletralin)y 
m.p. 172°, b.p. 180°/26 mm. {idem, ibid). It 
forms a dibromide, m.p. 142°. 

Chlorination of tetralin at 100° yields 1:2- 
dichloro- 1 : 2 : 3 : 4 - tetrahydronaphthalene (oc - 1 : 2 - cl i - 
chlorotetralin), b.p. 166~160°/20 mm., which is 
difficult to purify (von Braun and Kirschbaum, 
ibid. 1921, M [B], 697). 

ac-2:3- Dichlorotetralin, m.p. 84-85°, was ob- 
tained by Waser by the action of hypochlorous 
acid on l:4-dihydronaphthalene {ibid. 1916, 49, 
1207). l:2:3:4-Tetrachloro-l:2:3:4:-tetrahydro- 
naphthalene is naphthalene tetrachloride, ob- 
tained by the action of chlorine on naphthalene 
under mild conditions {see p. 277c). For its 
crystallography, see J. M. Robertson, Proc. 
Roy. Soc. 1928, A, 118, 709. Analogous pro- 
ducts are obtained by the chlorination of chloro- 
naphthalenes. 

aT-l-Bromotetralin, obtained from 6-amino- 
l:2:3:4-tetrahydronaphthalene, has b.p. 264- 
266°/768 mm. (Smith, J.C.S. 1904, 85, 728); 
8i,T-2-bromotetralin has been obtained in a similar 
manner (Morgan, Mickelthwait, and Winfield, 
ibid., p. 736). All the homonuclear mononitro 
derivatives of or-1 and -2-bromotetralin8, and 
also a,T-l-bromo-2:4dinitro- m.p. 93-94°, and 
2-bromO‘l:3‘dinitro-tetralin, m.p. 136-136°, have 
been described by Vesely and Chudozilov (Bull. 
Soc chim. 1926, [iv], 87, 1436). 

* Bromination of tetralin at about 100° gives 
ac-h2dibromotetralin, m.p. 70° (von Braun and 
Kirschbaum, Ber. 1921, 54 [B], 697 ; G.P. 
316218), the same compound as that obtained 
by addition of bromine to J^-dihydronaphtha- 
lene. Whether this is the cis- or #r(ww-com- 
pound or a mixture does not appear to be known. 
The a- bromine is readily replaced by hydroxyl 
or alkoxyl. The isomeric ac-2:3dibromotetralin, 
m.p. 71*6-72°, is obtained by addition of 
bromine to J*-dihydronaphthalene (Straus and 
Lemmel, ibid. 1913, 46. 232). This compound 
differs from the 1 :2-dibromo-compound in that 
only the latter develops acid when boiled with 


I methyl alcohol. The 2:3-dibromo-compound is 
I converted into naphthalene with loss of hydrogen 
bromide by heat, concentrated sulphuric acid, 
or alcoholic potash. 

av-l-Jodotetralin, b.p. 160°/17 mm., 279- 
280°/766 rnm., is obtained from the correspond- 
ing amine by the diazo-reaction (Lesslie and 
Turner, J.C.S. 1932, 281). The following nitro 
derivatives have been described : ar-l-iodo-3- 
nitro-y m.p. 118-1 ]8-6°, ar-2-io<Zo-l-m7ro-, m.p. 
84° ; &T-2-iodo-3 -nitro-, m.p. 76-7()*5° ; and 

&T-3-iodo-l-7iitro-tetralin, m.p. 64-65° (Gumming 
and Howie, ibid. 1931, 3176). 

Nitration. — ^Nitro derivatives of tetralin 
can be obtained by nitration if care is taken to 
prevent oxidation and resinification. Schfoeter 
et al. (Annalen, 1922, 426, 39 ; cf. B.P. 148923, 
1920) carried out the operation by using a mixed 
acid containing rather more than the usual 
amount of sulphuric acid and water, adding the 
mixed acid to the tetralin at not above 0°. 
Thus, a mixture of 120 g. of nitric acid, p 1*35, 
and 260 g. of sulphuric acid, p 1-84, is added 
drop by drop to 132 g. of well stirred and cooled 
tetralin, and stirring is continued for half an hour 
after the acid has all been added. Separation 
of the nitro-compounds from the acid is effected 
by adding 200-300 c.c. of carbon tetrachloride 
in which they dissolve. The carbon tetrachloride 
layer is separated, washed with very dilute 
caustic soda solution, dried with calcium chloride, 
and fractionally distilled. The nitrotetralin 
distils at 163-175°/! 3 mm. ; yield 80% of theory. 

The product so obtained consists of a mixture 
of about equal amounts of 5- and 6-nitro-l:2;3:4- 
tetrahydronaphthalene {ar-l- and -2-nitro- 
tetralins), which are separated by fractional 
distillation under reduced pressure followed by 
crystallisation, by cooling of the enriched frac- 
tions and recrystaUisation from methyl alcohol. 

1 - Nitrotetralin can also be obtained by partial 
hydrogenation (nickel catalyst) of the mixture, 
the 2-nitro-compoimd being preferentially re- 
duced. According to Vesely and Chudozilov 
(Rec. trav. chim. 1926, 44, 362) the 2-nitro- 
compound is preferentially reduced by sodium 
hydrosulphide, but the 1 -nitro-compound by 
sodium monosulphide, especially when the 
mixture contains a greater proportion of the 

2- nitro-compound. 

su-l- Nitrotetralin has m.p. 34°, b.p, 167°/13 
mm., 1-1767. 

&T-2- Nitrotetralin, m.p, 31-6°, b.p. 169°/13 
mm., 1-1762. 

The nitrotetralins can be dehydrogenated 
practically quantitatively to nitronaphthalenes 
by treating with bromine at 100° and heating 
at a higher temperature, when hydrogen bromide 
is evolved (von Braun, Hahn, and Seemann, 
Ber. 1922, 55 [B], 1687; Tetralin O.m.b.H., 
G.P. 332693, 1919). The oxidation of the nitro- 
tetralins by permanganate has been studied by 
von Braun et al. (Ber. 1923, 66 [B], 2332). 

Dinitration of tetralin gives a mixture con- 
sisting for the most part of or- 1:3- and 1:2- 
dinitrotetralins which when e^stallised from 
glacial acetic acid form a eutectic, needles, m.p, 
72-73°, separable by crystallisation from sul- 
phuric acid into ar-l-.2-dtn»frofefrali», m.p. 102- 
103°, and ar-l:3-d^nt^rote^raWn, m.p. 96°. Further 
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nitration of the l;2-dinitro-compomid gives ar- 
l:2-.4:4rinitrotetralinf m.p. 94*6-95°, which forms 
with l:3-dinitrotetralin a eutectic mixture, m.p. 
82-83°. 

sii-l-Nitrotetralin-Z-sulphonic acid is obtained 
by sulphonating 1-nitrotetralin with 10% oleum 
at 70-80°; the amide has m.p. 189°. This acid 
is formed together with an isomeric acid, pre- 
sumably 2-nitrotetralin-i-8ulphonic acid {amide^ 
m.p. 211-212°), when the total nitration product 
of tetralin is sulphonated. Sodium 2-nitro- 
tetralin-4-8uiphonate is less soluble in water 
than the isomeric salt (Schroeter et al.f Annalen, 
1922, 426, 139). 

Sulphonation. — Tetralin is readily sul- 
phonated, oven more readily than naphthalene, 
by concentrated sulphuric acid and by chloro- 
sulphonic acid ; when the former acid is used 
the main product is flr-tetralin-2-sulphonic acid ; 
sulphonation w'ith excess of cold chlorosulphonic 
acid gives a mixture of about equal amounts of 
the 1- and 2-sidphonyl chlorides (Schroeter 
et al.^ Lc., p. 84). 

av-Teiralin-\-sulphonic acid can be separated 
from the 2-Bulphonic acid by crystallisation from 
chloroform, in which the latter acid is more 
soluble ; from this solvent it cr5^stallisc8 with 
IH2O, m.p. 105-110° ; from Avater it crystallises 
with 2H.2O; the sodium salt crystallises wdth 
SHgO; ammonium salt, anhyclrous ; barium 
salt, SHgO ; lead salt, SHgO ; sulphonyl 
chloride, m.p. 70-72°; amide, m.p. 139-140°; 
anilide, m.p. 148-149°. The sulphonyl jluoride, 
m.p. 76-77°, has been prepared from tetralin 
and fluorosulphonic acid (Steinkop, J. pr. ( 'hem. 
1927, [ii], 117, 53). 

aV’Tetralin-2-sulphonic acid crystallises from 
sulphuric acid with 2H2O, m.p. 75°; sodium 
salt, HgO; ammonium, and barium salts, 
anhydrous; salt, HgO ; sulphonyl chloride, 
m.p. 58°; amide, m.p. 135-137°; avilide, m.p. 
166-166°. 

Reduction of the tetralin- 1- and -2*sulphonyl 
chlorides to sulphinic acids and finally to the 1 - 
and 2-thiols, the condensation of these with 
chloroacctic acid to form thiolacetic acids and 
the conversion of these into thioindigo dyestuffs 
has been described by Schroeter (Lc. ; see also 
G.P. 299604, 1916 ; 336615, 1919 ; B.P. 148419). 
&T-TctraUn-l- sulphinic acid was also prepared 
by Morgan, Micklethwait, and Winfield (J.C.S. 
1904, 85, 736), from the sulphonic acid, which 
they obtained from ar-l-aminotetralin-4-8ul- 
phonic acid. 

&T-Tetralin-\'.Z-disulphonic acid {disulphonyl 
chloride, m.p. 103-104°) is obtained when the 
2 -sulphonic acid is heated for 10 hours at 160° 
with 25% oleum. When fused with alkali it 
loses the jS-sulphonic acid group as sulphuric 
acid, giving ar-tetrahydro^a-naphthol (Schroeter, 
Ber. 1938, 71 [B], 1053). 

Amino Derivatives of Tetralin. 

Reference has already been made to the 
difference in behaviour of a- and j8-naphthyl- 
amines on reduction (p. 4136). 

ar-Tetrahydro-a-naphthylamine. — This 
base is the principal product when a>naphthyl- 
amine is reduced by sodium and amyl alcohol, 
or by sodium and ethyl alcohol if a high boiling I 


solvent such as solvent naphtha is used, the 
alcohol being added to the mixture of solvent, 
sodium, and naphthalene at, say, 145° (F. Bayer 
and Co., G.P. 305347 ; 306724 ; Rowe, J. Soc. 
Dyers and Co. 1919, 35, 130; J.S.C.I. 1920, 89, 
241t) ; water may, under such conditions, be 
used instead of alcohol (Che7n. Fabr. Griesheim- 
Elektron, G.P. 370974). Schroeter (Annalen, 
1922, 426, 23) obtained the base by hydrogena- 
tion of or-l-nitrototralin, or of the mixed 1- and 
2-nitrotetralin8, the amines being separated by 
crystallisation of the hydrochlorides from water, 
or of the methancdisulphonates from 90% 
alcohol, or by a method of preferential acetyla- 
tion. 

According to Lindner and Siegel (Monatsh. 
1 926, 46, 225) the nitrotetralins are best reduc'ed 
to amines by iron and alcohol in presence of 
calcium chloride. 

ar-Tetrahydro-a-naphthylamme is a colourless 
oil, darkening on exposure to air, b.p. 146°/12 
mm. (Schroeter, l.c.) ; 276°/712 mm. (Bam- 

berger and Althausse, Ber. 1888, 21, 1786). 
The acetyl derivative has m.p. 158°, benzoyl 
derivative, L54° (Lindner and Siegel, l.c.), 
benzylidene derivative, m.p. 61*5° (Rowe and 
Levin, J.C.S. 1920, 117, 1579). Urea and 
thiourea derivatives of or-tetrahydro-a-naph- 
thylamine were described by Bamberger and 
Althausse (l.c.). 

ar - Tetrahydro - a - naphthylamine hydro - 
chloride forms double salts with mercuric 
chloride, B,HCl,HgCl2, m.p. 179-180°; 
2(B,HCI)HgCl2, m.p. 217-5-219°; B,HCI, 
2HgCl2, ™-P- 192-5- 193-5° (Grohmann and 
Brouwer, Annalen, 1909, 365, 50). 

Intermediate (compounds formed by reduction 
of ar- 1-nitrotetralin including azoxy, azo-, and 
hydrazino-compounds have been described by 
Schroeter {l.c.), and also the appbeation of the 
benzidine conversion I0 hy(irazotctrahydro- 
naphthalene (c/. B.P. 170867, 1920; G.P. 
333157, 1916). ar-Tetrahydro-a-naphthylamine 
forms a normal diazo-compound from which 
azo-dyes have been prepared. 

Oxidation of ar-tetrahydro-a-naphthylamine 
with permanganate gives, not phthalic acid but 
adipic and oxalic acids ; with dichromate and 
sulphuric acid, tetrahydronaphthaquinone is 
formed {q.v.). 

Derivatives. — ar - 4 - Bromoteirahydro-a-naph- 
thylamine, m.p. 42°, is formed by bromination of 
acyl derivatives of the base in glacial acetic acid, 
followed by hydrolysis ; the acetyl derivative has 
m.p. 180-181°, formyl, m.p. 164-6°, propionyl, 
m.p. 185-186°, benzoyl, m.p. 202-203° (Morgan 
et al., J.C.S. 1904, 85, 736). For other bromo 
derivatives, see Rowe and Davies ibid. 1922, 
121 , 1000 ). 

ar - TetrahydroA - naphthylamine - 4 - sulphonic 
acid was obtained by Schroeter (l.c.) by sul- 
phonating the base with concentrated sulphuric 
acid, or 10% oleum; according to later work 
(I.G., G.P. 629663) the product of sulphonation 
with sulphuric acid at 80-90°, or with chloro- 
sulphonic acid in tetrachloroethane at 135°, con- 
sists of 40% of the 2- and 60% of the 4-sulphonic 
acid. 

Nitro derivatives of ar-tetrahydro-a-naphthyl- 
amine are obtained by nitrating the acetyl 
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derivative with mixed nitric-sulphuric acids 
followed by hydrolysis. The main product is 
the 4-nitro- derivative, but Schroeter {lx.) also 
isolated the 2- and 3-nitro-compounds (cf. Green 
and Rowe, J.C.S. 1918, 118, 959). 

eiV-2-Nitrotetrahydro-a-naphthylamirfey 
m.p. 87-88°, acetyl, 184-185°. 

ar- 3 - A itrotetrahydro-a-naphthylamine, 
m.p. 78°, acetyl, 193°. 

exA-Nitrotetrahydro-a-naphthylamiyie, 
m.p. 116°, acetyl, 178°. 

&T-2'A-Dinitrotetrahydro-a-naphthylamine has 
m.p. 181°, acetyl derivative 202° (Green 
and Rowe), or 204° (Schroeter). 

N - Methyl-&T-tetrahydro-a-naphthylaniine has 
b.p. 150-162°/12 mm., m.p. 174° (von 

Braun et al., lx.). 

N - Ethyl - ar - tetrakydro - a - iiaphthylarnine is 
formed by reduction of othyl-a-naphthylamine 
with sodium and alcohol (Bamberger and Hcl- 
wig, Bor. 1889, 22, 1311) or by hydrogenation 
with a nickel catalyst (S.C.I. Basic, B.P. 
276571). It is an oil, b.p. 286-287°/717 mm.; 
axeiyl derivative, m.p. 1 59-1 60°. It forms an oily 
N-nitroso-compound which changes in acid 
alcoholic solution to the 4-wi/ro«o-compound, 
m.p. 119°. 

Dimethyl-dx4etrahydro-a-naphthylamine, b.p. 
261-262°/721 mm., has been obtained both by j 
reduction of dimethyl-a-naphthylamine (Bam- 
berger and Helwig, lx.) and by methylation of 
ar-tetrahydro-a-naphthylamine (Morgan and 
Richards, J.S.C.l. 1905, 24, 652). It forms a 
methiodide, m.p. 164-5°, more readily than does 
dimethyl-o-toluidine and, according to von 
Braun, Arkuszewski and Kohler (Her. 1918, 51, 
282) reacts slowly with formaldehyde in con- 
centrated hydrochloric acid to give a ^-hydroxy- 
methyl derivative, the picrate of which has m.p. 
92-94°, 

N -Phenyl-sx-tetrahydro-a-naphthylamme has 
m.p. 43-5°, b.p. 198°/8 ram. (S.C.I, Basle, B.P. 
276571). 

ar-Tetrahydro-)S-naphthylamine (5:6:7:8- 
tetrahydro-2-7iaphthylamine) is only formed to 
the extent of 3-4% by sodium-amyl alcohol 
reduction of )S-naphthylamine, but to a greater 
extent by catalytic reduction {see p. 4136; cf. 
Lindner et al., Monatsh. 1923, 44, 337). It is 
prepared by the reduction of ar-tetrahydro-jS- 
nitronaphthalene or by reduction of the nitro- 
compound of tetralin and separation of the bases 
as described by Schroeter (l.c.). According to 
the I.G, (G.P. 434403) the mixed amines 
obtained by this reduction can be separated by 
treatment with formaldehyde in hydrochloric 
acid solution, when the a-compound forms a 
diarylmethane derivative and the j8-compound 
is left unchanged. The I.G. claim that the 
mixture of ar- (75%) and oc- (25%) tetrahydro- 
jS-naphthylamines obtained by catalytic reduc- 
tion of j9-naphthylamine can be separated by 
crystallisation of the ar-base from ligroin (G.P. 
681881). 

The j3-base has also been obtained from the 
oxime of ar-tetrahydro-j3-naphthyl methyl 
ketone by the Beckmann change (Scharwin, 
Ber. 19<12, 85, 2511) and from ar-tetrahydro-/3- 
naphtho amide (von Braun, Kirsohbaum, and 


Schuhmann, ibid. 1920, 58, 1161); it has m.p. 
38-5-39-5° (G.P. 581831 gives m.p. 48°) b.p. 
275-277°/713 mm., 147-148°/13 mm., and its 
odour resembles that of aniline (acetyl deriva- 
tive, m.p. 107°; benzoyl, m.p. 166-167°; 
-phthdlamic acid, m.p. 156-158-5° ; -phthal- 
imide, m.p. 169-171°). The hydrochloride and 
sulphate of the base are sparingly soluble in cold 
water and one-sixth as soluble as the a-com- 
pound in alcohol. When oxidised with alkaline 
permanganate it gives, like the a-compound, 
adipic acid. (Bamberger and Kitschelt, Ber. 
1890, 23, 876). Bor the application of the 
Hkraup reactkm to the base, see von Braun and 
Gruber {ibid. 1922, 55 [B], 1710), and of the 
quinaldine synthesis, Lindner et al. {l.c.). 

Derivatives . — In nuc;lear substitution reactions 
ar-tetrahydro-jS-naphthylamine resembles a sub- 
stituted aniline, the 1 -position not having the 
special reactivity which it has in j8-naphthyl- 
amine. In the Doebner-Miller quinaldine syn- 
thesis the amine gives a mixture of both possible 
tetrahydro-^-naphthaquinaldines (Lindner and 
Staufer, Monatsh. 1925, 46, 231). 

Bromination of ar-tetraliydroacet-j3-naphtha- 
lide in glacial acetic acid gives a mixture of 1- 
and 4-bronK) derivatives in the ratio 7:1, the 
latter being the more soluble in acetic acid. 
&r-l' Bromotetrahydro-p-naphthylarnine has in.p. 

1 52-5 {acetyl, m.p. 125-5); avA-bromotetrahydro- 
^-naphthylaniine has m.p. 52° {acetyl, m.p. 151°) ; 
only the former is steam -volatile (Smith, J.C.S. 
1904, 85, 728). 

Nitration of «r-tetrahydroacet-/3-naphthalide 
follows a different course. In acetic acid the 
major product is the 3-nitro derivative, with 
1-nitro in smaller amount. In sulphuric acid 
the main product is the 4-nitro, with a smaller 
quantity of 3-nitro- and little, if any, 1-nitro 
derivative (Schroeter, Annalen, 1922, 426, 26). 
The melting-points of the nitroaminotctralins so 
obtained are : 

ax-l-nitro-2-aminoleiralin, m.p. 96°, 
acetyl, 126-127°. 

a,T-3-nitro-2-aminoietralin, m.p. 125-127°, 
acetyl, 132-134°. 

avA-nitro-2-aminotetralin, m.p. 55°, 
aceiyl, 194-195°. 

Bx-Tetrahydro-2 - naphthylaruineA-s ulphonic acid 
was obtained by Schroeter by catalytic reduction 
of the corresponding nitro- compound (p. 419a) ; 
it forms a sparingly soluble crystalline powder ; 
the sodium, salt is readily soluble in water. 
Sulphonation of ar-tetrahydro-jS-naphthylamine 
gives aT-2-aminoteU’alin-3-aulphonic axid (I.G., 
G.P. 629653). 

The following ar-dinitrotetrahydro-)3-naph- 
thylamines have been described (Schroeter, 
l.c.) : 

abT-l:3-Dinitrotetrahydro-p-naphthylamine, m.p. 
166-168°; its aceiyl derivative, m.p. 189-191°, 
is obtained by further nitration of ar-1- or -3- 
nitrotetrahydroaoet-)3-naphthalide, in sulphuric 
acid solution. 

ar-3;4- Dinitrotetrahydro-P-naphthylamine, m.p. 
167° ; its acetyl derivative, m.p. 176-177°, is the 
main product of dinitration of or-tetrahydro- 
aoeto-jS-naphthalide in sulphuric acid, and of its 
4-nitro derivative. 
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N - Mdhyl-SbT-tetrahydro-P-riaphthylamine has 
been obtained in the form of its (icetyl derivative, 
m.p. 67-69®, by methylating the sodio derivative 
of or-tetrahydroacet-j3-naphthalide, and as an 
oil, b.p. 267*6°/210 mm. by reducing methylene- 
ar-tetrahydro-^-naphthylamine with sodium in 
amyl alcohol (Smith, J.C.S. 1904, 85, 732). 
N -J)imethyl-Q,T4etrahydro-^-naphthylamine, b.p. 
287°/718 mm., is the main product of reducing 
N-dimethyl-jS'iiaphthylamine with sodium and 
amyl alcohol (Bamberger and Muller, Ber. 1889, 
22, 1296). 

N - Ethyl - ar - tetrahydro - /S - naphthylamine is 
formed to the extent of 4%, the main product 
being the alicyclic base, when N -ethyl-jS- 
naphthylamine is reduced with sodium and 
amyl alcohol. The base, which is steam- volatile, 
has b.p. 291-57720 mm. ; hydrochloride, m.p. 
173-5°; nitrosamine, an oil (Bamberger and 
Muller, lx.). 

H-Diethyl-BX -tetrahydro- p-naphthylamine, b.p. 
167°/16 mm., 298°/709 mm., is formed, with the 
alicyclic isomer, by reduction of N -diethyl-jS- 
naphthylamine with sodium and amyl alcohol ; 
it does not react with formaldehyde to give a 
l:l'-methylene-compound (Morgan, J.C.S. 1900, 
77, 819). 

N -Fhenyl-sx-ietrahydro-^-naphthylamine has 
m.p. 66-667 hydrochloride, m.p. 147-148° 
(Goodyear Tire and Rubber Co., B.P. 418374, 
1933). 

&T-Di- and Tri-aminotetrahydronaphthalenes. 
or-Diamines derived from tetralin have been 
obtained by reduction of naphthylenediamines, 
or of dinitro-, nitroamino-, and nitro-azo 
derivatives of tetralin. 

ar- Tetrahydro- 1.-2- nap hthylenediamine, 
has m.p. 84-857 b.p. 172-175713 mm., (Schroo- 
ter) ; l-acetyl derivative, m.p. 149-151°; di- 
acetyl derivative, m.p. 245° ; dihydrochloride, 
m.p. 260° (decomp.). It is formed by reduction 
with sodium and amyl alcohol of l:2-naphthy- 
lenediamine in 15% yield, along with the alicyclic 
isomer (Bamberger and SchieflFehn, Ber. 1889, 
22, 1374), and by reduction (catalytic or stan- 
nous chloride) of l:2-dimtrotetralin (Schroeter) 
It forms a phenanthrazine, m.p. 228-6-230°. 

ar - Tetrahydro- l:3-naphthylenediamine, 
m.p, 84-85° or 89° {l-acetyl derivative, m.p. 173° ; 
^-acetyl derivative, m.p. 110-111°; diacetyl 
derivative, m.p. 245-246°) is obtained by 
reduction of ar-l:3-dinitrotetralin (Schroeter, 
Z.C., p. 78; G.F. 333157, 1916). 

ar-Tetrahydro-l:4-naphthylenediamine, 
m.p. 83-86°, b.p. 203°/ 18 mm.; mono-acetyl 
derivative, m.p. 156°, diacetyl derivative, m.p. 
291-292° (Schroeter), is the sole product of re- 
duction of l:4-naphthylenediamine with sodium 
and alcohol (Bamberger and Schlieffelin, l.c.), 
and is also obtained by reduction of ar-l-nitro- 
4-aminotetralin (Green and Rowe, l.c,). 

ar-Tetrahydro-2:3-naphthylenediamlne, 
m,p, 136-136°, was obtained by Schroeter, lx.) 
by reduction of the 2-nitro-3-amme. With boil- 
ing acetic acid it forms &r-2’methyl-2:3-tetra- 
h^omphthiminazole, m.p. 261-260°, and with 
phenanthraquinone an azine, m.p. 214-216°. 

ar-l;2:3-Triaminotetralln forms a tri- 
acetyl derivative, m.p. 286°, and ar-l;2;4- 


triaminotetralln a triacetyl derivative, m.p. 
315° ,- both bases are unstable in air (Schroeter, 

l. c., p. 81). 

a,T-Teirahydronaphthylamines as Dyestuff 
Ivtermediaies. 

There are numerous references in the literature 
to the use of ar-tetrahydronaphthylamines in 
the production of azo-dyes, but such dyes have 
not found technical application. ar-Tetrahydro- 
a-naphthylamine couples with diazo-compounds 
forming azo-dyes resembling in shade those 
obtained from benzenoid amines rather than 
those from a-naphthylaraine ; ar-tetrahydro-j3- 
naphthy] amine does not form azo- compounds 
with diazotised amines, but diazo-araino- 
corapounds (Smith, J.C.S. 1902, 81, 900) ; the 
same is true of 4- substituted tetrahydro-a- 
naphthylamines (Morgan, Micklethwaite, and 
Winfield, ibid. 1904, 85, 743). The properties of 
dyestuffs derived from diazotised tetrahydro-a- 
naphthyla mines have been described by Rowe 
(J. Soc. Dyers and Col. 1919, 85, 128; 1926, 
41, 5). 

ae-Tetrahydro-a-naphthylamine is a 
strongly basic compound, forming a viscid oil, 
b.p. 246-6°/714 mm. It is formed in very small 
amount when a-naphthylamine is reduced with 
sodium and alcohol, and is best obtained by 
reduction of the oxime of 1 -ketotetrahydro- 
naphthalene with sodium and alcohol (von 
Braun, Braunsdorf, and Kirschbaum, Ber, 1922, 
55 [B], 3648). Bamberger and Bammann pre- 
pared it by oxidising l-araino-5-hydrazino- 
l:2:3:4-tetra%dronaphthalene with copper sul- 
phate {ibid. 1889, 22, 951). It forms a stable 
nitrite, m.p. 138-139°, not decomposed by 
l)oiling water, and an acetyl derivative, m.p. 
148-149°. 

ac-Tetrahydro-j8-naphthylamine, a very 
strong base, is the principal product when 
naphthylamine is reduced with sodium and 
amyl alcohol (Bamberger and Muller, ibid. 1888, 
21, 847 ; Bamberger and Kitscbelt, ibid. 1890, 
28, 876). Its preparation, using sodium and 
isopropyl alcohol, is described in detail in 
Organic Syntheses, Coll. Vol. I, p. 846. The 
base is purified by precipitation as carbonate 
from ether solution. The pure base is a viscid 
liquid of pyridine-like odour, b.p. ]18-6°/8 mm. 
249-5°/7]0 mm., 1-031. It forms an acetyl 
derivative, m.p. 107-5°, and benzoyl derivative, 

m. p. 150-151°. Many salts and other deriva- 
tives have been described ; with benzene di- 
azonium chloride it forms an explosive di- 
azoamino-compound. The pure nitrite of the 
base has m.p. 137° (Noyes and Ballard, Ber. 
1894, 27, 1450). Physiologically, the base has 
a powerful mydriatic action, also shown by its 
N -ethyl and dimethyl derivatives, but not by 
the corresponding oc-tetrahydro-a-naphthyl- 
amine (Bamberger and Filehne, ibid. 1889, 22 
777), 

The following N -alkyl derivatives of ac- 
tetrahydro-)S-naphthylamine have been de- 
scribed. 

N - Methyl -ac - tetrahydro - p - naphthylamine, 
mobile oil, b.p, 118~119-8°/9 mm,, pj® 1*024; 
hydrochloride, sinters 196°, m.p. 214°; platini- 
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chloride, m.p. 228° ; it was obtained by methyl- 
ating oc-tetrahydro-jS-naphthylamine with di- 
methyl sulphate (Waser, ibid, 1916, 40, 1202). 

N - Dimethyl - ac - telrahydro - p - naphthylamine, 
b.p. 132-3-133-1711 mm. (Waser), 116722 mm. 
(Bamberger and Muller, ibid. 1889, 22, 1296) ; 
hydrochloride, m.p. 214-215° (decomp.) ; platini- 
chloride, m.p. 210° (decomp.). Its methiodide, 
m.p. 228°, is formed by exhaustive methylation 
of ac - tetrahydro - p - naphthylamino. The di- 
methyl base is formed when its methochloride 
is distilled (Waser) and in small amount, together 
with the ar-isomer, by reduction of N-dimethyl- 
/3-naphthylamine with sodium and alcohol 
(Bamberger and Muller). 

N - Ethyl - ac - tetrahydro - p - naphthylamnie, 
b.p, 267°/724 mm., 153°/23 mm. ; hydrochloride, 
m.p. 223*6°, nitrate, m.p. 184°; nitrite, m.p. 
180°; picrate, m.p. 183-4°; for other salts and 
derivatives, see Waser (l.c.), and Bamberger 
{lx.). It is a strong base resembling ac-tetra- 
hydro-jS-naphthylamine, and is formed in 36- 
40% yield, with the ar-isomer, by reduction of 
N -ethyl -jS- naphthy lam ine with sodium and amyl 
alcohol. 

N-Diethyl-SbC-tetrahydro-P-naphthylamine is ob- 
tained in very low yield by reduction of N- 
diethyl-jS-naphthylamine with sodium and amyl 
alcohol (Bamberger and Williamson, ibid. 1889, 
22, 1760), the main product being the ar-isomer. 

N ‘Phenyl-&c4etrahydro-p-naphthylamine, b.p. 
176-180°/2-3 mm., hydrochloride, m.p. 238-240°, 
is the main product of hydrogenating N -phenyl- 
j3-naphthylamine with a nickel catalyst, and can 
be Tised as a rubber antioxidant (Goodyear Tiro 
and Rubber Co., B.P. 418374, 1933). 

Tetkahydronaphthols. 

The course of hydrogenation of a- and j8- 
naphthols to the ar- and ac-tetrahydro derivatives 
has already been discussed. The individual 
compounds and some of their derivatives will 
now be described. 

ar-Tetrahydro-a-naphthol (5:6;7:8-Te<ra- 
hydro-l-naphthol, sjr-\-tetralol) is a white, 
crystalline solid, m.p. 68*6-69°, b.p. 264*6- 
265*5°/705 mm., 147°/14 mm. It can bd ob- 
tained as already described by reduction or 
hydrogenation of a-naphthol (p. 41 2d) ; from 
ar-tetrahydro-a-naphthylamine (Bamberger and 
Althausse, Ber. 1888, 21, 1893). According to 
Schroeter it was manufactured by the Tetralin 
G.m.b.H. by fusing sodium 6;6:7:8-tetrahydro- 
naphthalene-l-sulphonate with caustic potash 
at 220-280°, the yield being 80% of theory 
(Annalen, 1922, 426, 7). The same author has 
also described its preparation from ar-l-chloro- 
tetralin-4-8ulphonic acid (p. 418a) and from 
af-t6tralin-l:3-disulphonic acid (p. 4196). 

Ethers and esters of ar-tetrahydro-a-naphthol 
are obtained by catalytic hydrogenation of the 
ethers and esters of a-naphthol (I.G., B.P. 
326762, 1928; Musser and Adkins, J. Amer. 
Chem. Soc. 1938, 60, 664). The methyl ether is 
a liquid, b.p. 113°/7 mm. ; ethyl ether, b.p. 122°/9 
mm. ; ocetofc, m.p. 73-76° ; benzoate, m.p. 46° ; 
carbonate, m.p. 114°. 

Derivativee. — ar - TetroEydro-a^naphthol’i^evl- 
phonic acid is formed by the action of cold con- 
centrated sulphuric acid on or-l-tetralol (Green 


and Rowe, J.C.S. 1918, 118, 967) or by alkaline 
hydrolysis of ar-l-chlorotetralin-4-sulphonate in 
the presence of copper (Schroeter et al., Ber. 
1938, 71 [B], 1048). It forms a sodium salt 
4-1 HjO ; barium salt, d-SHgO. 

Nitration of the 4-auIphonic acid gives ar-2- 
nitrotetrahydro-l-naphtholA-sulphonic acid, yel- 
low, m.p. 182°. 

&r-2- Nitrotetrahydro-l-naphihol, yellow, steam 
volatile, m.p. 66°, is obtained by hydrolysis of 
the above sulphonic acid with dilute sulphuric 
acid; further nitration gives uv-2'A-dinitrotetra- 
hydro-\-naphthol, m.p. 105° (Green and Rowe, 

l. c.). 

i\rA-Nitrotelrahydro-\-naphthol, m.p. 123°, is 
obtained by oxidising ar-4-nitrosotetrahydro-l- 
naphthol, m.p. 163°, formed by the action of 
nitrous acid on ar-a-tetralol, with dilute nitric 
acid (Rowe and Levin, J.C.S. 1927, 630). 

ar-Tetrahydro-a-naphthol couples with diazo- 
benzene in the 4-po8ition, to give 4-henzeneazo-&T’ 
tetrahydro-a-naphthol, m.p. 144-145°, identical 
with the phcnylhydrazone of tetrahydro- 
I a-]naphthaquinone (Rowe and Levin, l.c.). 
I'ho semidine transformat ion of its ethyl ether, 

m. p. 91*5°, on reduction, has been studied by 
Jacobson and Turnbull (Ber. 1898, 31, 890). 

UT'2-Aminotetrahydro-a-naphlhol, obtained by 
reduction of the nitro- compound, and from the 

2- bromo- compound (Tetralin G.m.b.H., G.P. 
335476), has m.p. 110-111°. 

ai'-^-Aminotetrahydro-a-naphthol, m.p. 197°, 
acetyl, m.p. 211°, was obtained by Schroeter 
et al. (Annalen, 1922, 426, 157) from ar-l-amino- 

3 - acetamide tetralin . 

aT-4’Ami}wtetrahydro-a-naphthol, m.p. 146- 
147°, was obtained by reduction of the 4-nitro80- 
compound and of the 4-7?-sulphobenzeneazo 
derivative. Its ethyl ether has m.p. 60° and 
gives a urea, arA-ethoxy-l-tetralylcarbamide, 
m.p. 240-241° which does not possess a sweet 
taste (Schroeter et al., l.c., p. 166). 

By the action of carbon dioxide under pres- 
sure, alkali salts of ar- 1 -tetralol are converted 
into salts of ar -tetrahydro -\-naphthol-2-car - 
boxylic acid, m.p. 166-166°, acetyl derivative, 
m.p. 170° ; methyl ester, m.p. 66° (Schroeter 
et al., l.c., p. 158; E. Bayer and Co., G.P. 
335602). 

ar-Tet ra h y d ro - j8- n a p h t h o I (6:6:7;8-Te^a- 
hydro-2-naphthol, &T-24etralol). Since the main 
product of reduction of j3-na,phthol is the alcohol, 
ac-tetrahydro-j8-naphthol, the ar-compound is 
best prepared by another method. Schroeter 
(Annalen, 1922, 426, 119; cf. B.P. 148408, 
1920) recommends the fusion of ar-tetralin-2- 
Bulphonic acid with 75% caustic alkali at 280° 
for 2J-3 hours. The phenol is precipitated by 
carbon dioxide from the aqueous solution of the 
alkali salt, followed by distillation with super- 
heated steam under reduced pressure. It is 
best recrystallised from light petroleum, when 
it forms lustrous needles, m.p. 61*5-62*6°, b.p. 
148°/12 mm. Nishimatsu and Kimura record 
having observed two forms (A, 1928, 286). It 
has a faint creosote odom and possesses phenolic 
properties, including bactericidal action. 

There are patents for the catalytic hydro- 
generation of ethers and esters of j8-naphthol 
(Chem. Pabr. Griesheim-Elektron, G.P. 370974; 
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l. G., B.P. 326762, 1928), but according to 

Musser and Adkins the tetrahydro-products are 
alicyclic. The acetate of ar-jS-tetralol is a viscous 
oil, b.p. 168°/14 mm. ; the benzoate has m.p. 96*^. 
The 4‘nitrobenzoate, m.p. 106*5®, cinnamate, m.p. 
77*5®, carbonate^ m.p. Ill®, and ethyl ei^er, b.p. 
129®/ 11 mm., are described by Thoms and 
Kross (Arch. Pharm. 1927, 265, 336). For esters 
of ar-tetralol having chemotherapeutic proper- 
ties, see Chem. Fabr. von. F. Heyden A.-G., 
G.P. 414261, 1922; 457060, 1925. For the j 
ultra-violet absorption of ar-a- and -j3-tctralol, i 
see Koraastsu, Masumoto, and Kumamoto 
(Mem. CoU. Sci. Kyoto, 1924, [A], 7, 287). | 

Derivatives. — ar-l-J5romo-2-<eimZol, m.p. 74®, j 
is obtained by direct bromination of ar-2- 
tetralol ; further bromination gives ar-l:3- 
dibromo-2~tetraloly m.p. 37°, also obtained by 
bromination of the 3-sulphonic acid or the 1- 
bromo-3-sulphonic acid ; its acetate has m.p. 87°. 

Sulphonation of ar-2-totralol gives the 3- 
sulphonic acidy which forms a sparingly soluble 
sodium salt ; bromination of this, or sulphona- 
tion of ar-l-bromo-2-tetralol, gives &r-l-bromo- 
24etralol-^-sulphonic acid (Schrocter, Aimalen, 
1922, 426, 122; cf. Ber. 1938, 71 [B], 1040). 
Sulphonation of nT-2-methoxytelrali7i, an oil, b.p. 
129-131°, gives the ^-sulphonic acidy m.p. 107°. 

Nitration of ar-2-tetralol with nitric-sulphuric 
acid gives the l:3-dinitro derivative, but with 
nitrogen peroxide in tetranitromethane, ar-3- 
niiro~24etraloly m.p. 88-89°, is obtained (Thoms 
and Kross, l.c,). l-Brom>o-^~nitro-24etraloly m.p. 
129®, is obtained by nitrating ar-l-bromo-2- 
totralol-3-sulphonic acid. \-Ghloro-^-nitro-2- 
tetralol has m.p. 96°. sly-VM- Dinitro-2-tetralol is 
prepared by dissolving ar-2-tetralol in concen- 
trated sulphuric acid (the 3-suIphomc acid being 
formed), cliluting, cooling, and adding nitric acid, 
p 1*4. It forms yellow needles, m.p. 141°, and 
explodes when heated above its melting-point. 
The sodium and potassium salt both explode 
violently at 180-190° but the ammoniumy barium, 
and lead salts do not (Schroeter, l.c., p. 142). The 
mMhyl ether has m.p. 80*6°. 

aT-l-Amino-24etraloly m.p. 148°, was obtained 
by Schroeter (l.c., p. 99) by reduction of ar-1- 
benzeneazo-2-tetralol, and also by demethy- 
lating its methyl ether, m.p. 64®, which was 
obtained by reduction of l-amino-2-methoxy- 
naphthalene with sodium and amyl alcohol. 
The aminotetralol forms a cyclic urethane, m.p. 
189-190°. 

ar-3-Amiwo-2-lelmlol, m.p. 202°, was obtained 
by Schroeter from l-bromo-3-amino-2-tetralol, 

m. p. 127°, which was prepared by reduction 
of l-bromo-3-nitro-2-tetralol {v. supra). The 
cyclic urethane has m.p. 196°. 

SiX-4‘AminO‘24etraloly m.p. 177°, is obtained 
via its acetyl derivative, m.p. 222°, from 4- 
acetamidotetrahydro-j5-naphthylamine. 

By reduction of ar-l;3-dinitro-2-tetralol, 
Schroeter obtained l-nifro-3-amino-2-telralol, 
copper-coloured needles, m.p. 127°, and 1:3- 
dia7nino-2-teiraloly colourless leaflets, m.p. 214- 
216° (decomp.) (l.c.). ar-l-Nifro-3-amt?w)-2- 
meihooDytetralin has m.p. 117°. 

For heteronuclear aminotetralols, see p. 425c. 

ar-2-Tetralol can be oarboxylated directly by 
heating in the form of alkali-metal derivative 


with carbon dioxide under pressure. According 
to Tetralin G.m.b.H. (G.P. 357663) the potas- 
sium derivative is heated at 160° for 6-6 hours 
with carbon dioxide under 10 atm. pressure. 
The product, according to Schroeter, is 2- 
hyd/roxy - 6:6: 7:8 - teirahydronaphthalene - 3 - car- 
boQ^lic acid, white nee^es, m.p. 177-178°, and 
this constitution has been confirmed by Robin- 
son and Walker (J.C.S. 1935, 1631). The methyl 
ester has m.p. 42° ; ethyl ester, b.p. 179°/13 mm. ; 
azide, m.p. 99-100°; amlide, m.p. 182-184°. 
The I.G. state that 2:3-hydroxynaphthoic acid 
and anilide can both be hydrogenated catalyt- 
ically to the ar-2-tetralol-3-carboxylic acid and 
anilide respectively (B.P. 468376), and according 
to Arnold, Zaugg, and Sprung (J. Amer. Chem. 
Soc. 1941, 68, 1314), ethyl 2:3-hydroxynaph- 
thoate can be similarly hydrogenated in the 
presence of Raney nickel to give a 94% yield 
oi ethyl &T-24etralol-3-carboxylatey b.p. 165-161°/4 
mm. They give the melting-point of the free 
acid as 180-182°. ar-2-MethoxytetraUn’3-car- 
boxylic acid has m.p. 113-114°. 

a.T-l-Nitro-2-tetralol-3-carboxylic acid forms yel- 
low needles, m.p. 200-202°; it is reduced by 
hydrogen-nickel to I -ami no - 2 - tetralol - 3 - car- 
boxylic acid, m.p, 208-210° ; diacetyl derivative, 
m.p. 180-181° (Schroeter, l.c.). 

&T-2-Teiralol-l-carboxylic acid, m.p, 174-176°, 
was obtained by Arnold, Zaugg, and Sprung 
(l.c.) by oxidation of the corresponding alde- 
hyde ; the methoxy acid has m.p. 148-150°. 

ar - Dihydroxytetralins, etc. — 1:2- Di- 
hydroxy -5:Q:1:8-tetrahydronaphthdlene has m.p. 
69-70° (diacetate, m.p. 96-97°); it is obtained 
by desulphonation of the 3-sulphonic acid, 
ar - 1:3 - DihydroxytetraUn, obtained by acid 
hydrolysis of the l:3-diarame at 270-290°, has 
m.p. 122° (diacetate, m.p. 39-40° ; dimethyl 
ether, m.p. 38*5-39*5°) (Schroeter et al., Ber. 
1938, 71 [B], 1040). 

ar -1:4- DihydroxytetraUn, m.p. 186°, is ob- 
tained by catalytic reduction of 6;8-dihydroxy- 
l:4-dihydronaphthalene, and its diacetate, m.p. 
186-187°, by hydrogenation of the corresponding 
diacetate. aT-l:2:4-Triacetoxytetralin, has m.p. 
142-143° (Diels, Alder, and Stein, ibid., 1929, 
62 [B], 2337). 

aT-2:^-Dimethoxytetralin, m.p. 63°, when 
nitrated forms a compound, m.p. 92-93° (de- 
comp.), to which the annexed formula has been 
assigned. 


NOo 



By treatment with boiling alcohol followed by 
methylation it gives aT-l-miro-2:3-dimethcxy • 
tetralin, m.p. 88-89° (Lewis and R. Robinson, 
J.C.S. 1934, 1263). 

ac- Tetrahydro-a-naphthol (l-hydroxy- 
l:2:3:4-tetrahydronaphth^ene), an oil, b.p. 
132-134712-13 mm., p” 1-0986, 1-6671, can 

be obtained by reducing oc-l-ketotetralin with 
sodium and absolute ^cohol or sodium and 
moist ether, Its phenylurethane, m.p. 121-122°, 
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decomposes when heated, giving -dihydro- 
naphthalene (Straus and Ijemmel, Ber. 1921, 
54 [B], 25). 

ac-Tetrahydro-j8-naphthol is a colourless, 
viscid oil with an odour of sage, b.p. 264°/716 
mm., 144-5-1 45-6720 mm., 10715, 

1- 6623; phenylurcthane, m.p. 99°. It has the 
character of an alcohol, is insoluble in alkali, hut 
forms a sodium derivative with sodium in ether. 
The phony lurethane, chloride, iodide, and acetate 
(fruity odour, b.p. 169°/34 mm., 268-280°/atm.) 
all tend to decompose when heated, giving A^- 
dihydronaphthalene (Bamberger and Lodter, 
ibid, 1890, 23, 197 ; Straus and Rohrbacher, 
I.C.). ac-2-Methoxytstralin^ b.p. 123-124°/16 
mm., has been obtained by hydrogenating 2- 
methoxy-3:4-dihydronaphthalene in the presence 
of palladium. 

Many derivatives of ac-tetralols have been 
obtained from the two isomeric dihydro- 
naphthalenes by taking advantage of their 
property of forming addition compounds at the 
reactive double bond of the partially hydro- 
genated ring, for example with bromine and 
with hypochlorous acid and hypobromous acid, 
etc. Pioneer work in this field was carried out 
by Bamberger and Lodter on J^-dihydro- 
naphthalene {ibid. 1893, 26, 1833 ; Annalen, 
1896, 288, 74) and by Straus and Rohrbacher 
on J^-dihydronaphthalenc (Bcr. 1921, 54 [BJ, 
40), and other workers have contributed. The 
following short summary indicates the com- 
pounds thus obtained. 

&c-2-Chloro-l-hydroxytetralin, m.p. 92°, is 
obtained by the action of hypochlorous acid on 

-dihydronaphthalene. The corresponding ac- 

2- hromo-\ -hydroxy tetralin^ m.p. 1 ll-l 12°, is ob- i 
tained by the action of water on ac-l:2-dibromo- 
tetralin, in which only the bromine in position 
1 is active ; treatment of the latter with methyl 
alcohol gives 2-bromo-l-methoxytetraliny a liquid, 
b.p. 169°/17 mm. (Tetralin G.m.b.H., G.P. 
336477, 1919). ac-2- lodo-l-hydroxytetralin has 
been prepared by TifFemeau and Orekhoff, who 
state that, when oxidised with silver nitrate in 
ether, it is converted into hydrindene-2-aldehyde 
(Compt. rend. 1920, 170, 465). 

Several ethers and esters of 2-bromo-l- 
hydroxytetrahn have been described and these 
by the action of ammonia, primary or secondary 
amines are converted into derivatives of ac-2- 
amino-1 -hydroxy tetralin which are said to have 
useful physiological, including hypnotic, proper- 
ties {see Straus and Rohrbacher, l.c,). Some of 
the compounds which have been described are 
given in the following table (c/. Tetralin 
G.m.b.H., G.P. 335476/7, 1919 ; von Braun and 
Kirschbaum, Ber. 1921, 64 [B], 697 ; 1922, 56, 
3648 ; von Braun and Weissbach, ibid. 1930, 
68 [B], 3052) : 

ac-2-ainino-l -hydroxy tetralin m.p. 112®. 

ac-2-methylamino-l -hydroxy tetralin b.p. 164-166®/ 

12-13 mm. 

a<j-2-dlmethylamlno-l-hydroxytetralin b.p. 167-168®/ 

• 10 mm. 

ac*2-dlethylamlno-l-hydroxytetraliii b.p. 170®/10 

mm. 

iio-2-piperidlno-l-hydroxytetralin m.p. 72-78®. 
a«-2-dimethylamino-l-methoxytetralin b.p. 147-149®/ 

13 mm. 

ac-2-methylamino»l-methoxytetraUn b.p. 144-146®/ 

14 mm. 


flc-2-piperidino-l-mcthoxytetralin b.p. 101-193°/ 

1 5 mni. 

ac-2-dlniethylariiino-l-ethoxytetralln b.p. 152°/13 

mm. 

ar-2-i)iperi(lino-l-ethoxytctralin b.p. 170®/11 

mm. 

A series of compounds isomeric with the 
above is obtained from dihydronaphthalene. 
By the action of hypochlorous ac-id on this 
hydrocarbon its chlorohydrin is obtained, i.c., 
ac-2-chloro-3-hydroxytetraliVy which forms silky 
needles, m.p. 117-5°, and sublimes at 100°; it is 
steam -volatile (Bamberger and Lodter, l.c . ; 
E. S. Cook and A. J. Hill, .1. Amer. Chem. Soc. 
1940, 62, 1996). Its reaction with alkalis is 
complicated ; the products differ according to 
the conditions used, and include A'^-dihydro- 
naphthalene-2:'^-oxidey aQ-dihydro-^-naphtholy di- 
hydronaphthalene-2:^- and -I’.S-glycolSy P-tetralonCy 
naphthaleney and p-naphthol. The acetate of the 
chlorohydrin has m.p. 47°, benzoate^ m.p. 64-66°. 

ac-2-Broino-‘S-hydroxytetralin, m.p. 112°, is 
obtained by the action of hypobromous acid on 
J^-dihydronaphthalene (Lcroux, Ann. Chim. 
1910, [viii], 21, 458 ; Gonzalez and Campoy, 
Anal. Fis. Quim. 1922, 20, 534), and a compound, 
m.p. 106-165°, by the addition of hydrogen 
bromide to the 2;3-oxide (Bamberger and Lodter, 

l. c.). The iodohydrin has m.p. 120°. 

By the action of primary or secondary amines 
on «c-2-chloro-3-hydroxytetralin, or on the 
corresponding 2:3-oxide, derivatives of ac-2- 
amino-3-hydroxytctralin are obtained, ac-2- 
Amino-'i-hydroxyieiralin was obtained by Bam- 
berger, Lodter, and Deicke (Annalen, 1895, 
288, 116) from the product of the reaction of 
the chlorohydrin with phthalimide and subse- 
quent removal of phthalic acid by hydrolysis; 
their product was an oil, giving a hydrochloride^ 

m. p. 265° : Takeda and Kuroda (J. Pharm. Soc. 
Japan, 1921, 1), however, describe it as a solid, 
m.p. 107-108°; hydrochloride y m.p. 215°; they 
obtained it via the 2-imidooxazolidrney m.p. 158- 
169°, 

CHs O 

' CH-'"" \ 

i C=NH 

k. A. / 

CH, NH 

obtained by heating 2:3-dibromotetralin with 
carbamide. There is a good deal of discrepancy 
amongst the physical constants recorded by 
different authors for members of this series of 
compounds : 

2-hydroxy-^-methylaw,inotetraUny m.p. 85° ; 
hydrochloridey m.p. 214° (Takeda and 
Kuroda) ; -3-dimcihylamino-, oil ; hydro- 
chloridcy m.p. 224° (Takeda and Kurodo) ; 
b.p. 183°/27 mm., hydrochloridey m.p. 180- 
181° (Bamberger, Lodter, and Deicke); 
-Z-diethylamino ; b.p. 202°/38 mm., hydro- 
chloridey m.p. 167-170° (Bamberger, 
Lodter, and Deicke) ; hydrochloridey m.p. 
168-170° (Cook and HiU); -3-dibut^- 
amino-y b.p. 155-7°/3 mm. (Cook and 
Hill) ; -S-piperidino-y m.p. 46-^8° (Bam- 
berger, Lodter, and Deicke) ; hydro- 
cklSridky m.p. 236-237° (CJook cbud Hill). 
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The discrepaneies may be due to the 
existence of stereoisomeric forms, which 
have not yet been characterised. Cook 
and Hill prepared the phenylur ethanes , 
benzoates, 'p-nitrO’, and p-amino-benzoates 
of their compounds, some of which had 
local anaesthetic activity. 

Trimethylamine reacts with ac-2-chloro-3* 
hydroxytetralin to give -3-hydroxy -2-tetra- 
hydronaphthyltrimeihylammoniuvi chloride, m.p. 
243° (decomp.), resembling choline in properties ; 
the corresponding base is strongly alkaline 
(Bamberger, Lodtcr, and Deicke ; cf. von 
Braun and Weissbach, Ber. 1930, 63 [B], 
3052). 

Dihydronaphthalene Glycols and 
Oxides. — By hydrolysis of ac-2-bromo-l-h37^dr- 
oxytetralin with aqueous alkali, Strauss and 
Rohrbacher obtained what they consider to be ! 
the trans-form of iic-] :2-dihydroxytetralin, m.p. 
112-113°; diacetate, m.p. 84°. The isomeric 
cw-form is obtained by careful oxidation of 
J^-dihydronaphthalene with potassium per- 
manganate; it has m.p. 1 01*5-102° and its 
diacetate m.p. 78*6-79*2°. A mixture of the 
stereoisomeric acetates is obtained when ac-l:2- 
dibromotetraliii is treated with glacial acetic 
acid and potassium acetate. 

The glycol of J “-dihydronaphthalene, ae-2:3- 
dihydroxytetralin, is also known in at least two 
forms. One form, crystallising in silvery plates, 
m.p. 135°, is obtained by the action of potassium 
carbonate on the 2:3-dibromotctralin, by 
hydrolysis of the 2:3-oxide, and also from the 2:3- 
chlorohydrin. Leroux (lx.) considered this to 
be the ci^-form, but Straus and Rohrbacher 
think it is the /m?i^9-form as it has the higher 
melting-point of the two. Its diacetate has m.p. 
109*5-110°, dibenzoaie, 89-90° (Bamberger and 
Lodtcr, I.C.). Leroux, by treating ac-2:3- 
dibromotetralin with silver acetate in acetic 
acid solution obtained an acetate giving on 
hydrolysis a mixture of glycols from which ho 
separated (1) an isomeric a,G-2:3-dihydroxytetralin, 
striated tablets m.p. 120°, giving a diaxetate, 
m.p. 69°, dibenzoate, m.p. 126°, and (2) a sub- 
stance, m.p. 140°, which he considered to bo a 
compound of the two glycols. On oxidation, 
these glycols give o-phsnyUnediaxetic acid. 

a,c-l:3- Dihydroxytetralin is one of the products 
of the action of alkalis on the 2:3-chlorohydrin ; 
it has m.p. 49°, b.p. 175~178°/20 mm. 

The oxides of and J “-dihydronaphthalone 
are analogous in their methods of formation 
and properties to ethylene oxide. Dihydro- 
naphthalene oxide {l:2-epoxytetralin), is formed 
quantitatively by the action of cold alcoholic 
potash on ac-2-bromo-l -hydroxytetralin, into 
which it is reconverted by hydrogen bromide. 
It is a mobile liquid with a naphthalene-like 
odour, b.p. 86-88°/l~2 mm., m.p. 20-21°, and 
polymerises readily, for instance when distilled 
in vaciLO, to a colourless resin, being much less 
stable than the 2:3-oxide. It isomerises when 
treated with dry hydrogen chloride in a solvent 
to j3-tetralone, but not quantitatively. When 
hydrogenated it gives aG-tetrakydro-fi-naphthol 
(Straus and Rohrbacher, l.c.). A^-Dih^dronaph- 
thakne oxide {2:3-epoocytetraUn) is a dimorphous 


crystalline substance, m.p. 43*6°, b.p. 267- 
259°/716 mm., volatile with steam (Bamberger 
and Lodter, l.c. ; Cook and Hill, l.c.). It is one 
of several products of the action of alkalis on 
the 2:3-chlorohydrin, and apparently undergoes 
isomerisation to form 1 :2-dihydro-2-naphthol, 
which is another product of the reaction. Ac- 
cording to Cook and Hill, the best method of 
preparing the 2:3-oxide is by the action of 
perbenzoic acid on d “-dihydronaphthalene in 
chloroform ; the yield is 85%. 

Derivatives of Mixed Aromatic- 
Alicyclic Character. 

By the reduction to tetralin derivatives of 
heteronuclear di-substituted naphthalenes, com- 
pounds of mixed aromatic-alicyclic character 
are obtained. Thus Bamberger and Hoskyns- 
Abrahall (Ber. 1889, 22, 943) reduced 1:5- 
naphthylenediamine with sodium and amyl 
alcohol, and obtained tetrahydro-l:5-naphthylene- 
diamine, m.p. 77°, a strong base which darkens 
in air, and forms a crystalline carbonate, hydro- 
chloride, and sulphate; the diacetyl derivative 
has m.p. 262°. With carbon disulphide in cold 
ether solution it forms a thiocarbamate, m.p. 146°, 
which when boiled with alcohol loses hydrogen 
sulphide to give diamino-his-teirahydronaphthyl- 
thiocarbamide, which sinters at 120°, m.p. 166°. 
One amino-group of the tetrahydro-l:5-diamine 
is diazotisahe, and from it can be prepared 5- 
amino-5:Q:7:S-tetrahydro-l-naphthol, an oil of 
sharp ammonical odour which absorbs carbon 
dioxide from the air; hydrochloride, m.p. 220°; 
diacetyl derivative, m.p. 151-151*5° (Bamberger 
and Bammann, ibid., p. 961). 

Reduction of 2:6- and 2:7-naphthylenedi- 
amines with sodium and amyl alcohol gives 
tetrahydro-2:f)-naphthylenediamine, m.p. 61° {di- 
axetyl, m.p, 240°) and tetrahydro-2'.l -naphthy- 
lenediamine, m.p. ca. 60° {diacetyl, m.p. 203°). 
Similar reduction of 2-amino-7-naphthol and 
of 2-amino-7-methoxynaphthalene gives a mix- 
ture of the two possible tetrahydro derivatives. 
The following are described by Windaus et a1. 
{ibid. 1924, 67 [B], 1731) : 

2- Amino-1 -hydroxy-l:2:3A - tetrahydronaphfha- 
lene, m.p. 168-169° ; picrate, m.p. 205° ; 
acetyl, m.p. 196°; dibenzoyl, m.p. 174°; 
(5:S-dibromo derivative, m.p. 251° (de- 
comp.) ; a mononitro-, m.p. 236° (decomp.), 
and HiS-dinitro- derivative, m.p. 243° 
(decomp.). 

2 - Amivo-l-hydroxy-5:6:l:S-tetrahydxonaphtha- 
lene, m.p. 141-142°; picrate, m.p. 181°. 

2 -Amino-1 -methoxy- l:2:3:4-teirahydronaphtha- 
lerte, liquid; hydrochloride, m.p. 213°; 
picrate, deoomp. 212°. 

2- Amiiw-l -methoxy -&.%:! iS - tetrahydronaphtha- 
lem, picrate, m.p. 183° ; aceipl, m.p. 93°. 

2-Hydroxy - 1 - methoxy-l:2:3:4:-ietrah^ronaph- 
thalene, m.p. 71°, is prepared by hydro- 
genation of 2-hydroxy-7-methox3maphtha- 
lene in the presence of spongy platinum. 

Long and Burger obtained \-hydroocy-Q- 
methoxy-l:2:3A-tetrahydronapMh€dene by hydro- 
genating 6-methoxy-l-tetralone ; it has b.p. 
109°/1 mm. ; a-naphtkylurethane, m.p. 131-133° 
(J, Org. Chem. 1941, 6, 852). 
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Alkyl Homologubs of Tbtralin. 

A few workers have studied the hydrogenation 
of alkylnaphthalenes, by which dihydro- and 
tetrahydro-alkylnaphthalenes are produced, and, 
in addition, alkyltetralins have been obtained 
by the following methods : 

1. Condensation of alkyl hahdes with tetralin. 

2. Reduction of the keto-group of acyltetra- 

hns. 

3. From alkyl -substituted a-tetralones by 

reduction or other operations. 

4. Cyclisation of hydroxy derivatives (al- 

cohols) of w-amylbenzene and their 
higher homologues. 

From the comparatively small amount of 
work which has been reported on the reduction 
of alkylnaphthalenes, it appears that hydro- 
generation of the unsubstituted ring pre- 
dominates. Thus, according to Vesel^ and 
Kapp, reduction of 1-methylnaphthalene gives 
a mixture containing 10% 5:8-dihydro-, the 
rest being a mixture of 5:6- and 7:8-dihydro-l- 
methylnaphthalenes ; 2-methylnaphthalene gave 
58% of 6:8-dihydro- and 42% of mixed 5:6- and 
7: 8-dihydro derivatives (Coll. Czech. Chem. 
Comm. 1931, 3, 448). Schroeter found that 
when j3-methylnaphthalene is catalytically 
hydrogenated the product is 5:6:7-8-tctrahydro- 
2-methylnaphthalene (Bor. 1921, 54 [B], 2242), 
an observation confirmed by Shreve and Lux 
(Ind. Eng. Chem. 1943, 35, 308), who used a 
Raney nickel catalyst in alcohol at 1 85°/ 1,200- 
1,740 lb. per sq. in., obtaining a mixture of ar- 
2-methyltetralin and 2-methyldecalin. Levy 
obtained only 5:6:7:8-tetrahydro-2-ethylnaph- 
thalene by hydrogenation of 2-ethylnaphthalene 
in the presence of nickel prepared at 360° 
(Ann. Chim. 1938, [xi], 9 , 5), but under other 
conditions the l:2:3:4-tetrahydro-compound may 
be formed. The hydrogenation of 2:3-dimethyl- 
naphthalene, using as catalyst active charcoal 
and ammonium molybdate with sulphur at 350°, 
was studied by Coulson (J.C.S. 1938, 1305) ; 
under these conditions the chief product was 
5:6:7: 8-tetrahydro- 2: 3 -dimethylnaphthalene, but 
some l:2:3:4-tetrahydro-compound was obtained 
(a mixture of cis- and forms) and also some 
2:3-dimethyldecalin. 

When tetralin is alkylated with alkyl chlorides 
or bromides in the presence of aluminium 
chloride or bromide, the entering alkyl group 
takes up a /J-position, giving 2-alkyl-5:6:7:8- 
tetrahydronaphthalenes (Boedtker and Ram- 
beoh, Bull. Soc. chim. 1924, [iv], 36, 631; 
Barbot, ibid. 1930, [iv], 47 , 1314). Similarly 
with acyl chlorides, jS-acyl derivatives of tetralin 
are formed, giving on reduction or-jS- alkyl- 
tetralins (^rbot, lx.). Tetralin can also be 
alkylated by means of olefins in the presence of 
aluminium chloride (I.G., B.P. 265601 ; 273665 ; 
295990), and it can be condensed with butadiene 
(I.G., B.P. 316312). 

Several authors have synthesised alkyltetralins 
by reduction of corresponding alkyl- l-tetralones 
which are obtained by cyclising suitably sub- 
stituted y-phenylbutyric acids {see tetralones). 
An additional alkyl group can be introduced by 
treating the tetralone with a Grignard reagent. 


dehydrating to form a dihydronaphthalene and 
finally hydrogenating ; thus 




A mo lifi cation of this process consists in 
treating methyl benzoylpropionate (1) with 
methyl magnesium iodide, to form a methyl 
carbinol (II) which is then dehydrated, reduced, 
and cyclised to a tetralone. ( 'ompound (III) is 




CH, 


CO 

I. 




CH, 


Me 


OH 

11 . 



is again treated with a Grignard reagent and the 
resulting carbinol converted into a l:4-dialkyl- 
tetralin {see Kloetzel, J. Amer. Chem. Soc. 
1940, 62 , 1708). With suitable modifications 
the method is capable of giving a wide variety 
of alkylated tetralins. 

The cyclisation of alcohols derived from »- 
amylbenzene by means of sulphuric and phos- 
phoric acids has been studied by Roblin, David- 
son, and Bogert, who showed that the same pro- 
duct, 1 -methyl- 1 ;2:3:4-tetrahydronaphthalene, 
was obtained whatever the position of the 
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hydroxyl group in the aliphatic chain {ibid. 
1936, 57, 161). By the same process, using 
alcohols derived from higher alkylbenzenes, 
other ac-l-alkyltetralins were synthesised. 

Methyltetralins and their Derivatives. 
— ac- 1 - Methyltetralin ( 1 -methyl- 1 : 2:3:4-tetra- 
hydronaphthalene) is a liquid, b.p. 218-219° 
(Bogert, Roblin, and Davidson, l.c.). 

An interesting hydrocarbon, l-methyUrte- 
l:2:3A-tetrahydronaphthale7iey 

CHa 

II 

C 



CH, 

was obtained by Schroeter by boiling ac-tetra- 
hydronaphthylene-1 -acetic acid, 

CioHiotCHCO^H, 

with dilute sulphuric acid. It has b.p. 103°/14 
mm., pf 0-9836 (Ber. 1926, 58 [B], 713). It iH 
also obtained, along with l-methyl-3:4-dihydro- 
naphthalene, by dehydrating ac- 1 -hydroxy- 1- 
methyl-l:2:3:4-tetrahydronaphthalone, m.p. 88- 
89° (von Auwors, ibid.y p. 151 ; Annalen, 1918, 
415, 98). h2-I)ihydroxy-l-methyl-l:2:*i:4:-tetra‘ 
hydronaphthalene, m.p. 75-76°, is obtained by 
oxidising ac - 1 - me thyldihy dron aphthal ene . 

aj-2- Methyltetralin has been prepared by the 
catalytic reduction of 2-methylnaphthalene (v. 
supra); it has b.p. 220-222° (Schroeter), 224- 
226° (KroUpfeiffer and Schafer, who obtained it 
from 7-methyl-l-tetralone, Ber. 1923, 56 [B], 
620). 

ar-2-Methyltetralin when sulphonated gives 
the Z'Sulphonic acid {amide, m.p. 156°, Shreve 
and Lux, J. Amer. Chem. Soc, 1943, 85, 308) 
and when acetylated in the presence of 
aluminium chloride the ^-acetyl derivative, b.p. 
166-157°/! 1 mm. (Karrer and Epprecht, Helv. 
Chinj. Acta, 1940, 23, 275). The sulphonic acid 
by caustic soda fusion gives ar-2-w€<%/-3- 
hydroxytetralin, m.p. 89°. 

aX’Tetrahydro - 1 -naphthylmethylamin e is ob- 
tained, together with much tetralin, by reduction 


of ar- tetrahy dro- a -naphthonitrile with sodium 
and alcohol ; it has b.p. 149-152°/! 1 mm., acetyl, 
m.p. 1 25°, benzoyl, m.p. 144° (von Braun et ah, 
Ber. 1922, 55 [B], 1700). It is obtained (in 
yield) by reduction of a-naphthylmethyl- 
amine with sodium and amyl alcohol, and by 
catalytic hydrogenation of ar-totrahydro-a- 
naphthonitrile in tetralin solution. The benzoyl 
derivative is converted by phosphorus penta- 
chloride into abV-l-chloromethyltetraliri, m.p. 50- 
51°, b.p. 144-145°/13 mm. (von Braun, Gruber, 
and Kirschbaura, ibid., p. 3664). 

&T-2-Amino-l-methyltet7'aUn has been ob- 
tained by Bodium-amyl alcohol reduction of 

1- methyl-2-naphthylamine ; it has b.p. 170- 
176°/30 mm. ; acetyl, m.p. 134°, benzoyl, m.p. 
222° (Mayer and Schnecko, ibid. 1923, 56 [B], 
1408). 

The isomeric ac -tetrahy dro- a-naphthylmethyl- 
amine, b.p. 269-270°/722 mm. is formed when 
a-naphthonitrile is reduced with sodium and 
alcohol; the benzoyl derivative has m.p. 125- 
126°; picrate, m.p. 170° (von Braun, Gruber, 
and Kirschbaun, l.c. ; Bamberger and Lodter, 
ibid. 1887, 20, 1702; Bamberger and Helwig, 
ibid. 1889, 22, 1912). It is a strong base. 

av-Tetrahydro-2-naphihylmethylamine is ob- 
tained by similar methods to those described for 
the tetrahydro-l-naphthylmethylamino ; it has 
b.p. 146-148°/11 mm., benzoyl derivative, m.p. 
165°, picrate, m.p. 215° (von Braun et al., l.c.). 
ar - 1 - Amino - 2 - methyltetralin, m.p. 168-161° 
{acetyl, m.p. 185-186°), was obtained by Vesely 
and Kapp by sodiura-amyl alcohol reduction of 

2- methyl- a-naphthylamine, and from it, in small 
yield, ar- l-hydroxy-2-methyltetraUn was pre- 
pared (Coll. Czech. Chem. Comm. 1931, 3, 448). 

n.o-Tetrahydro-2-naphthylmethylamine is ob- 
tained, with by-products, when jS-naphthonitrile 
is reduced with sodium and alcohol. It is a 
strongly basic liquid, b.p. 270-2°/729 mm. ; 
acetyl derivative, m.p. 64-65°. Many deriva- 
tives were described by Bamberger et al. (Ber. 
1887, 20, 1711 ; 1889, 22, 1912). 

Some higher alkylated tetralins which have 
been described in the literature are listed in the 
following table, but it must be remarked that 
not a few such compounds, and also aJkyldi- 
hydronaphthalenes, have been prepared in the 



Table of Alkylated Tetralins. 
(a) Alkyl Group in Hydrogenated Ring. 


l:2:3:4-Tetrahydro- 

naphthalene. 

B.p. 

Method of preparation. 

Reference. 

l-Ethyl- 

237-238° 

Cyclisation of phenylalkyl 
alcohols. 

Roblin, Davidson, and 
Bogert, J. Amer. Chem. 
Soc. 1935, 67, 151. 

2-Ethyl- 

235-285-5°/731 mm. 

Reduction of tetralone. 

L(5vy, Ann. Chlm. 1938, 
[xi], 9, 5. 

1-n-Propyl- 

253° 

As for 1 -ethyl. 

Roblin, Davidson, and 
BogeH, l.c. 

l-i«oPropyl- 

247° 



1:2-Dimethyl- 

235° 

Synthesis from benzene and 
dimethylsuccinic anhydride. 

Clomo and Dickenson, 

! J.C.S. 1937, 255. 

2:2-Dimethyl- 

104°/12 mm. 


128°/34 mm. 


Sengupta, J. pr. Chem. 
1938, [ii], 161, 82. 

2:2-Dlethyl- 

110°/4 mm. 


l;l;4-Trlmethyl- 

68°/0-2 mm. 

Synthesis. 

Kloetzel, J. Amer. Chem. 
Soc. 1940, 62, 3405. 
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(b) Alkyl Group in Aromatic Ring. 


5:6: 7:8-Tetrahy dro- 
naphthalene. 

M.p. or B.p. 

Method of preparation. 

Reference. 

2-Ethyl- 

2;3-Dimethyl- 

B.p. 245-246“ 

239-230r>“/736 

121 -122°/] 0 mm. 

M.p. 10° 

B.p. 244-246° 

B.p. 128°/7 mm. 

Reduction of the tetralono. 

Tetralin and EtBr. 

Synthesis from o-xylene. 

Krollpfeiffer and Schftfer, 
Ber. 1928, 66 [B], 620. 
L^vy> l.c. 

Barbot, Bull, Soc. clilm. 

1930, [iv], 47, 1314. 
Ooulson, J.C.S. 1938,1305. 

Barnett and Saunders, 
Und. 1933, 434. 

2-Methyl-3-cthyl- 

B.p. 127- 128“/ 11 mm. 

Acetylation of 2 - inethyl- 
tctraliii. 

Karrer and Epprecht, 
Helv, Chim. Acta, 1940, 
23, 275. 

1 : 4- Dimethyl - 

B.p. 2547760 mm. 

Synthesis from /?-xylene. 

Barnett and Saunders, l.c. 

l:3-T)imcthyl- 

B.p. 250-252° 

Rt'duction of tile tetralone. 

>) 

2-i«oProi)yl- 

I’..]). 124 126713 mm. 

l etralin and alkyl halide. 

Boedtker and Rambcch, 
Bull, Soc. chim. 1924, 
[ivl, 35, 631. 

B.p. 255°/760 mm. 

2-<€rL-Butyl- 

B.p. 129711 mm. 


Barbot, l.c. 

B.p. 265-5°/760 mm. 


Boedtker and Rambech, 
l.c. 

Mikcska and ('ohon, J. 
Org. Chcm. 1941,6, 792. 

2-DocoRyl- 

(CH3[CH2l2l). 

M.p. 43-45° 

Tetralin and hchenyl cliloride. 


(c) Alkyl Groups in both Aromatic and Hydrogenated Rings. 


]:2:3:4-Tetrahydro- 

naphthalene. 

M.p. or B.p. 

Method of pre])aratioii. 

Reference. 

2:6-I)imethyl- 

M.p. 14-17° 

B.p. 237-239°. 

Hydrogenation of dimethyl- 
iiaptithalene. 

Coulson, J.C.S. 1935, 77. 

2:7-lMmethyl- 

B.p. 237-238° 

Mayer and Schulte, Bor. 
1922, 56 [BJ, 2164. 

2:5-Dimethyl- 

B.p. 110-111711 mm. 


1:6-Diniethyl- 


»» 

2:2;7-Triincthyl- 

B.p. 128°/23 rum. 

Synthesis. 

Sengupta, l.c. 

1:1 :2:6-Tetramethyl- 
(Irene) 

B.p. 120-125"/! 0 mm. 

Bogert and Apfelbaiiin, 

J. Amer. (^hcm. Soc. 
1938, 60, 930. 


course of researches directed towards other ends, 
such as the synthesis of alkylated naphthalenes, 
and of natural products such as sesquiterpenes 
and resins. 

The hydrogenated alkyltetralins are converted 
by heating with sulphur or selenium at a high 
temperature (200-300°) into alkylnaphthalenes. 
When two alkyl groups are attached to one 
carbon atom in the tetralin, one of these is lost 
during dehydrogenation, although it is to be 
noted that Sengupta found it necessary to heat 
2;2-dimethyl-l:2:3:4-tetrahydronaphthalene in a 
sealed tube at 300-320° to obtain 2-methyl- 
naphtkalene from it. Kloetzel described 1:1:4- 
trimethyltetralin as having a pungent cara- 
phoraceous odour ; by dehydrogenation he 
obtained lA-dimethylriaphthalene. 

Darzens and Levy synthesised A-methyl- 
1:2:3:4 - tetrahydronaphthalene - 1- carboxylic acid, 
m.p. 87°, and found that when dehydrogenated 
by sulphur or selenium it lost the carboxyl group 
giving l-methylnapht?ialene (Compt. rend. 1934, i 
199, 1133). I 

Coulson (l.c.) studied the sulphonation of ar- 
2;3-dimethyl- and 2:0- and 2:7-dimethyl- 
tetralins and obtained the following compounds : 

ar-2i3’I)irnethyUetralin-V8tdphonic acid ; 
amide, m.p. 136°. 

8i>r-2:Q-DimedhyUetralin^T-stUphonamide, 
m.p. 166-167°. 

&T‘2:T -DimethyUetralinS-mdphonamide, 
m.p. 146-6°. 


The following compounds were also prepared ; 

ar-3:7- Dimethyltetrahydro-p-naphthol, 

m.p. 116°. 

ar-3 : 6 - Dimethyltetrahydro-^-naphthol, 
m.p. 87°. 

&T-2S‘Dimethyltetralin-l -carboxylic acid, 
m.p. 183°. 

ar-2:7- Dimethyltetralin -Q -carboxylic acid, 
m.p. 187°. 

6- and 7 •Methoxy-2-ethyl-l:2:3:4:-tetrahydro- 
naphthalene were prepared by L6vy by a syn- 
thetic method (Ann. Chim. 1938, [xi], 9, 6). 

The benzo-J^‘’t^^)-nor-p-menthene of Kay and 
Morton (J.C.S. 1914, 105, 1666) is ac-l-iso- 
propenyUetralin, a liquid with a pronounced 
odour of cedrene, b.p. 269-261°/746 mm. 

Tetralin Aldehydes. 

The two ar-tetralin aldehydes have been 
prepared by oxidising ar-1- and -2-methyltetra- 
lins with chromyl chloride in carbon disulphide 
solution (Fleischer and Feldmeier, Ber. 1922, 
55 [B], 3290), and by oxidising the corresponding 
ar-tetrylcarbinols with dichromate in sul- 
phuric acid (von Braun et al., ibid., p. 1700) ; 
and the j8-aldehyde by oxidising the chloro- 
methyl compound (I.G., B.P. 363260). 

ar-Tetrahydro-a-naphthaldehyde is an 
odom-less liquid, b.p. 131“133°/12 mm. ; mni- 
carbazone, m.p. 187° (von Braun). 

ar-Tetrahydro-)8-naphthaldehyde has an 
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odour of peppermint, b.p. 138°/14 mm. (von 
Braun); 142-143°/! 1 mm. ; aemicarbazone, m.^. 
222-223° (I.G., B.P. 353260). 

The Reimer-Tiemann reaction on ar-j9-tetralol 
(Woodward, J. Amer. Chem. Soc. 1940, 62, 1208) 
and also the action of anhydrous hydrogen 
cyanide and hydrogen chloride in presence of 
zinc chloride (Thoms and Kross, Arch. Pharm. 
1927, 266, 330) give an aldehyde, shown by 
Arnold, Zaugg, and Sprung (J. Amer. Chem. 
Soc. 1941, &, 1314) to be &T-2-hydroxytetra- 
hydro-l-naphthaldehydey m.p. 86-87 (the earlier 
authors gave 80-82°), oxime, m.p. 150°, phenyU 
hydrazone, m.p. 180°. &X’2-IJydroxyietrahydro- 
Z-naphthaldehyde, made by Arnold et al., by 
catalytic reduction of 2-acetoxy-3-naphthoyl 
chloride, has m.p. 56-57° ; oxime, m.p. 105*5- 
106*5°. 

Tetbahydronaphthoio Acids. 

When a- and /3*naphthoic acids or their sodium 
salts are reduced with sodium and alcohol they 
undergo hydrogenation in the ring carrying the 
carboxyl group, forming successively ac-dihydro- 
and -tetrahydro -naphthoic acids. A labile 
dihydro-acid is first formed, and this can be 
changed to a stable form by heat or, more 
quickly, by boiling in alkaline solution {cf, 1:4- 
and l:2-dihydronaphthalenos). When catalytic 
hydrogenation is applied to the naphthoic acids, 
however, using a nickel catalyst, according to 
Ipatiew the a-acid loses its carboxyl group and 
forms tetralin, whilst the j3-acid gives mainly 
‘ or-totrahydro-j3-naphthoic acid which by further 
treatment gives decalin and decahydro-)3- 
naphthoic acid (Ber. 1909, 42, 2100). When 
ethyl a-naphthoate is reduced with sodium and 
alcohol the carboxyl group is attacked and 
methyldihydronaphthalene formed (de Pom- 
mereau, Compt. rend. 1921, 172, 1503). Reduc- 
tion of the a- carboxyl group was also observed 
by Willstatter and Jaquet when hydrogenating I 
naphthalic anhydride in presence of platinum, j 
two of the products being tetrahydro-l- methyl- 
naphthalene -8- car boxy lie acid, m.p. 150°, and 
decahydroacenaphthene (Ber. 1918, 61, 767, 1 
774).^ 

Both a- and j^-naphthonitriles when hydro- 
genated in presence of nickel compounds give 
only naphthylmethylamines, the nucleus not 
being attacked (von Braun, Blessing, and Zobel, 
ibid, 1923, 66 [B], 1988). 

ar-Tetrahydro-a-naphthoic Acid, m.p. 
150°, was obtained by hydrolysing with fuming 
hydrochloric acid BiT-tetrahydro-a-naphthonitrile, 
m.p. 48°, which was prepared from ar-tetra- 
hydro-a-naphthylamine (von Braun, ibid. 1922, 
66 [B], 1700). The product prepared similarly 
by Bamberger and Bordt (ibid. 1889, 22, 625) 
was presumably impure. 

ar-Tetrahydro-^-naphthoic Acid, m.p. 
161®, was obtained by von Braun by oxidation 
of the j3-aldehyde with potassium permanganate 
(l.c.) and also (m.p. 152-153°) as sole product 
of the reaction between tetralin and oxalyl 
ohloride in the presence of aluminium chloride 
(von Braun, Kirsohbaum, and Schnhmann, ibid. 
1020, 68 [B], 1166). Newman and Zahm (J. 
Amer. Chem. Soc. 1943, 66, 1097) give the m.p. 
164-165°; methyl ester, b.p. 149-160®/4 mm. 


It is further hydrogenated by sodium and amyl 
alcohol to decahydro-^ -naphthoic acid, m.p. 79°. 
ax-Tetrahydro-p-naphthoyl chloride is an oil, b.p. 
162°/13 mm. ; amide, m.p. 137-138°. ar- 
Tetrahydro-p-naphthonitrile has m.p. 20-21°, 
b.p. 161-152°/! 1 mm. 

ac-Tetra hydro- a- naphthoic Acid. — ^The 
reduction of a- and j3-naphthoic acids by sodium 
amalgam and sodium and alcohol was studied 
by von Sowinski (Ber. 1891, 24, 2354) and by 
Baeyer (Annalen, 189L 266, 169) who showed 
that the former’s products were not completely 
purified. Reduction of sodium a-naphthoate in 
aqueous solution with sodium amalgam in a 
current of carbon dioxide gives as main product 
a labile dihydro -j3-naphthoic acid, probably 
l'A-dihydro-2-7iaphthoic acid, m.p. 91°, which 
forms a dibromide (&c-dibromoteirahydro-^-naph- 
thoic acid), m.p. 132°. The labile acid when 
boiled with sodium hydroxide is converted into 
a stable acid, 3:4-dihydro-l-naphthoic acid (con- 
stitution confirmed by Kay and Morton, J.C.S. 
1914, 105, 1565), m.p. 125°, giving ac-l:2-di- 
bromotetrahydro-2-vaphthoic acid, m.p. 152°. 

ac-Tetrahydro-a-naphthoic acid is formed by 
further reduction of the dihydro acids or of a- 
naplithoic acid with sodium and amyl alcohol, 
or best by reducing a-naphthoic acid in absolute 
alcohol with five times the theoretical amount of 
sodium, the crude product being purified by 
careful oxidation with cold permanganate in 
sodium carbonate solution to remove dihydro 
acid (Kay and Morton, l.c.). It has m.p. 85° ; 
amide, m.p. 116°, ethyl ester, b.p. 279°/747 mm. 
When brominated, the ethyl ester forms ethyl 
Ac-l-bromotelralin-l-naphthoate, b.p. 208°/20 
mm. (decomp.), which is converted by boiling 
diethylaniline (removal of hydrogen bromide) to 
ethyl *ii4:-dihydro-l-imphthoaie, b.p. 3()0-310°/756 
mm. Kay and Morton used this compound for 
synthesising compounds of the benzoterpene 
series. 

ac-Tetrahydro-jS-naphthoic Acid, formed 
by reduction of j8-naphthoic acid with sodium 
and amyl alcohol, has m.p. 96° (Baeyer, l.c.). 

Menthyl esters of oc-a- and ac-)3-tetrahydro- 
naphthoic acids are described by Rupe and 
Munter (Annalen, 1910, 373, 122). 

1 - Amino - 6:6:7:8-tetrahydro-8-naphthoic 
Acid, m.p. 150-161° (decomp.), is obtained by 
reduction of naphthastyril with sodium amalgam 
in alkaline solution. It does not form a lactam, 
but with acetic acid gives acetyltetrahydronaph^ 
thastyril, m.p. 103-104°, as well as l-acetamido- 
5:&.l:8-tetrahydro-S-naphthoic acid, m.p. 181- 
182° (Schroeter and Rossler, Ber. 1^2, 36, 4222). 

Tbtbahydeonaphthalbnbdioabboxylio 

Acids. 

ao- Tetrahydronaphthalene - 2:3 - dlcar- 
boxy i i c Acid was obtained by Baeyer and Perkin 
by a synthetic method (ibid. 1884, 17 , 448; 
J.C.S. 1888, 53 , 11, 20) and by R. D. Haworth 
and Slinger by reduction of naphthalene-2:3- 
dicarboxylio acid (ibid. 1940, 1321), The latter 
authors converted their product into anhydride 
by the action of acetyl ohloride and separated 
this into cis- and frans-forms, from which they 
prepared acids and esters. From their work it 
appeared that the synthetic product of Baeyer 
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and Perkin was the cis-form. cia’&o-Tetrahydro- 
naphthalene‘2:3-dicarboxyUc acid has m.p. 194- 
195°, anhydride, m.p. 183°, methyl eater, m.p. 
68-68*5° ; the tmna~acid has m.p. 226-227°, 
anhydride, m.p. 225-226°, methyl ester, m.p. 
44*6-46*0°. The cis-acid was separated into 
d- and Z-forms through their strychnine salts ; 
the rotations of the acids in chloroform are 
+85*5° and —85° respectively. 

Tetrahydronaphthalene-l:8-dicarboxylic 
Acid is obtained by hydrogenating naph’ 
thalic acid, its salts, anhydride or ester but, 
as stated above, other products are formed 
according to the conditions {see p. 429a). 
Casares and Ranedo (Anal. Pis. Qui'm. 1922, 20, 
519) state that methyl and ethyl naphthalates 
are more readily reduced than the parent acid. 
Zengalis (Ber. 1894, 27, 2694) used red phos- 
phorus and hydriodic acid to reduce naphthalic 
acid to the totrahydro-acid. Sodium naphtha- 
late can be hydrogenated to the tetrahydro 
derivative in the presence of a nickel catalyst 
at 200° (Schering-Kahlbaum A.-G., B.P. 
353373). Tetrahydronaphthalene -1:8 -dicarboxylic 
acid has m.p. 196° ; anhydride., m.p. 110*5° (does 
not form an imide) ; methyl ester, m.p. 74° ; 
ethyl ester, m.p. 52° ; ethyl hydrogen ester, m.p. 
48°. 

Tetra hydronaphthalene- l:6-di carboxylic 
Acid has m.p. 237*5-238*5°; the methyl and 
ethyl esters are liquids (Moro, Gazzetta, 1896, 
26, i, 89). 

ac - Tetrahydronaphthalene • 1:2 - dicar- 
boxylic Acid has m.p. 173° (slow heating), 
193° (rapid heating) ; anhydride, m.p. 66-67° 
(Auwers and Mollcr, J. pr. Chem. 1925, [iij, 109, 
124). 

Tetkalones. 

Corresponding with a- and )3-tetralols, which 
are secondary alcohols, are the ketones, a- and 
j8-tetralones or a- and /3-ketotetralins. These 
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compounds have at present no technical im- 
portance, but a-tetralOne and its substitution 
products are of considerable interest as synthetic 
intermediates, for example in researches on the 
synthesis of substances related to sterols and 
sex hormones. j8-Tetralone is much less stable 
than the a-ketone. 

a-Tetralone. — This compound has been 
obtained by several different processes. It was 
first prepared synthetically by the action of 
aluminium chloride on y-phenylbutyryl chloride 
by Kipping and HiU (J.C S. 1899, 75, 144) and 
later it was sho>vn by KroUpfeiffer and Sohlffer 
(Ber. 1923, 66 [B], 620) that y-phenylbutyric 
acid can be cyclised to a-tetralone in con- 
centrated sulphuric acid at 100°. Schroeter 
obtained a-tetralone by oxidising tetral^ 
with chromic acid in dilute acetic acid (G.P. 
346948) and it is formed in small amount. 


together with ar-tetrahydro-a-naphthol and 
tetralin, in the catalytic hydrogenation of a- 
naphthol (Schroeter, Annalen, 1922, 426, 88; 
G.P. 352720). It can also be obtained by 
oxidising the bromohydrin of l:2-dihydro- 
naphthalene with sodium dichromate and sul- 
phuric acid to 2-bro7no-\-tetralone, m.p. 40°, 
b.p. 144°/0*5-l*0 inm. {see Straus etal., Annalen, 
1925, 444, 165) ; {oxime, m.p. 136*5-137°), and 
reducing this with zinc dust and alcohol (Straus 
and Rohrbacher, Bor. 1921, 54 [B], 40). 

a-Tetralone is a steam- volatile, colourless, 
mobile oil with an odour resembling camphor 
when cold and peppermint when warm, b.p. 
131-133°/13 mm., 257°/760 mm., 1*095, 
1*570. It forms a semicarbazone, m.p. 
217-220°, phenylhydrazone (unstable), m.p. 84- 
85°, p-bromophenylhydrazone, m.p. 117-118°; 
oxime, m .p. 103°. According to Inoue, the oxime 
of the ketone obtained by catalytic reduction of 
a-naphthol is separable into two isomers, m.p. 
88-89° and 102-103°, respectively (J. Chem. Ind. 
Japan. 1923, 26, 1335). 

Reactions and Derivatives. — a-Tetralone shows 
the general reactivity of a ketone. It can be 
reduced to a-totralol with sodium and alcohol, 
and to tetralin by the Clemmcnsen method. 
By heating with sulphur (Darzens and Levy, 
Compt. rend. 1932, 194, 181) or selenium 
(Ruzicka, Holv. Chim. Acta, 1936, 19, 421) it is 
dehydrogenated to a-naphthol. The methylene 
group adjacent to the keto -group is active, and 
consequeT)tly a-tetralone reacts with aldehydes. 
It forms a monobenzylidene derivative, m.p. 
206-207° (Wallach and Weissenbach, Annalen, 
1924, 437, 148), 2-cinnamylidene~\4etralone, 

yellow, m.p. 132-134°, and a his-terephthaldehyde 
derivative, m.p. (indefinite) 240-255° (Herzog 
and Kreidl, Ber. 1922, 55 [B], 3394) ; and con- 
denses similarly with ^?-dialkylaminobenzalde- 
hydes (Shriner and Teeters, J. Amer. Chem. Soc. 
1938, 60, 936). With isatin-a-anil it condenses 
to give a blue dye of indigoid type, and behaves 
similarly with thionaphthenequinone-a-anil 
(Herzog and Kreidl, l.c.), but with isatin itself 
the reaction goes beyond the initial condensation 
stage and 5:&-dihydro~a-naphthacridine-T-carb~ 
oxylic acid is formed (von Braun and Wolff, 
Ber. 1922, 55 [B], 3675). 

The reaction between a-tetralone and ethyl 
oxalate furnishes ethyl a-tetralone-2-glyoxalate, 
m.p. 98°, whence ethyl a4etralone-2-carhoxyUUe 
(or 1 - hydroxy - 3:4 - dihydronaphthalene - 2 - 
carboxylate), m.p. 34°, is obtain^ (W. Hfickel 
and E. Goth, ibid. 1924, 57 [B], 1285). The 
further condensation of this last compound with 
esters of a-halogenated fatty acids, e.g., to give 
a-tetralone-2-acetic acid, m.p. 109-110°, has been 
studied by Bergs {ibid. 1930, 63 [B], 1285). a- 
Tetralone reacts with ethyl formate in the 
presence of sodium to give 2-hydroxymethylene‘ 
htetralone, b.p. 153*5-153/10 mm. (von Auwers 
and Weigand, J. pr. chem. 1932, [ii], 184, 82) 
and also reacts with formaldehyde and dialkyl- 
amines to give 2-dialkylaminomethyl derivatives 
(Mannich et al., Arch. Pharm. 1937, 275, 54), 
For the reaction between 2-bromo-l-tetralone 
and sodiomalonic esters, see Schroeter and 
Gluschke, B.P. 323187. Bane and W ooL 
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laborators have studied the reaction between 
b-methoxy-l-totralone and acetylaryl mag- 
nesium bromide to give Q^meihoxy-l-vinyl-Z'A- 
dihydronaphthalene (Annalen, 1937, 532, 39). 

By chlorination of a-tetralone a mono-, m.p. 
45°, and a di-chloro-adetralove, m.p. 75-76°, have 
been obtained (Tetralin G.m.b.H. and Rieben- 
sahm., G.F. 377587). Schroeter obtained 6- 
chloro-, m.p. 30-31°, and l~chloro-\-tetralone by 
oxidising chlorinated tetralin. Nitration gives a 
mixture off)-, m.p. 102-5°, and l-nitro-l-tetraloney 
m.p. 106°, in the ratio 93:7 (Schroeter et al., 
Ber. 1930, 63 [B], 1308). 

The oximes of 1-tetralone and of the above 
chloro- and nitro-tetralones undergo a peculiar 
change when warmed with acetic acid and 
acetic anhydride in the presence of hydrogen 
chloride, being transformed into a-naphthylamine 
or the corresponding chloro- or nitro-a-naphthyl- 
amine. When, however, there is an 8-8ub- 
stituent in the tetralone oxime, a kind of Beck- 
mann change occurs and a lactam of o-amino- 
phenylbutyric acid is formed (Scdiroeter, l.c.). 

2- Hydroxy-l -tetralone, m.p. 36-36-5 {acetate, 
m.p. 74-5-76°), obtained from 2-bromo-l- 
tetralone, is very unstable in alkaline solution, 
undergoing autoxidation in presence of oxygen 
to form successively [p-]naphthaquinol, 3:4:3':4'- 
tetrahydroxy - 1:1' - dinaphthyl and 2 - hydroxy - 
\a-]naphthaquino7ie (Strauss, BernouUy, and 
Mautner, Annalen, 1925, 444, 165 ; cf. Weiss- 
berger and Schwarze, ibid. 1931, 487, 53). 
5-Hydroxy-, 8-hydroxy-, and 5-acetamido-l- 
tetralone have been obtained by catalytic re- 
duction of l:5-dihydroxy-, l:8-dihydroxy-, and 
1 :6-acetamidohydroxy-naphthalene respectively 
(Schroeter and Tetralin G.m.b.H., G.P. 352720, 
1920). For other a-tetralone derivatives, cf. 
von Braun (Annalen, 1926, 451, 49). 

A number of homologues of a-tetralone have 
been prepared, of which the following may be 
quoted : 

2- Methyl-l -tetralone, b.p. 98°/3 mm.; semi- 
carbazone, m.p. 199° ; obtained by methy- 
lating a-tetralone with sodamide and 
methyl iodide (English and Cavaglieri, 
J. Amer. Chem. Soc. 1943, 65, 1089). 

^-Methyl-l-tetralone, b.p. 94-96°/0-3 mm. 
(Bachmann and Struve, ibid. 1940, 62, 
1618). 

4:-Methyl-l-te1ralone, b.p. 110-111°/! mm.; 
semicarbazone, m.p. 209-211°; 

2:4:- Dimethyl-l -tetralone, b.p. 112°/1 mm., 
odour of liquorice ; semicarbazone, m.p. 
218-220° (decomp.) ; 

*S:4-Dimethyl-l-tetralom, b.p. 96-97°/0-3 mm. 
(Kloetzel, ibid. 1940, 62, 1708). 

2:^-Dimethyl-l-tetralone, m.p. —1°; b.p. 148- 
160°/17 mm. (Schroeter et al., Ber. 1918, 
51, 1602). 

T-Methyl-l-tetralone, m.p. 32*5-33‘5°; semi- 
carbazone, m.p. 224-225° ; 

"J-Ethyll-t-etralone, b.p. 162-163712 mm. ; 
semicarbazone, m.p. 223-226°; 

5:1- Dimethyl-1 -tetralone, m.p. 49-50°; semi- 
carbazone, m.p. 234-236° (Krollpfeiffer 
and Schafer, ibid. 1923, 56 [B], 620). 

6:S-Dimethyl-l-tetralone, m.p. 23°; oxime, 
m.p. 143-144° (Schroeter et al,, ibid. 1930, 
63 [B], 1308). 


j3-Tetralone. — This compound has been 
obtained b,y the following methods: (1) by 
heating l:4-dihydronaphthalene bromohydrin 
with magnesium carbonate or quinoline (Bam- 
berger and Lodter, Annalen, 1895, 288, 112) 
probably via the 2:3-oxide ; (2) by the action 
of dry hydrogen chloride on 3:4-dihydronaph- 
thalone-l:2-oxide in light petroleum, by isomeric 
change (Straus and Rohrbacher, Ber. 1921, 54, 
[B], 40); (3) by heating ac-2-dimethylamino-l- 
tetralol methiodide slightly above its melting- 
point (von Braun, Braunsdorf, and Kirschbaum, 
ibid. 1922, 55 [B], 3648); (4) by distiUing the 
calcium salt of o-phenyleneacctic-propionic acid 
(Einhorn and Lumsden Annalen, 1895, 286, 275); 
(5) by hydrolysis of 3:4-dihydro-2-naphthyl- 
urethanc, obtained by the Curtius reaction from 
3:4-dihydro-2-naphthoic acid (P. G. Crowley 
and R. Robinson, J.C.S. 1938, 2001); (6) by 
reducing 2-methoxynaphthalene to the 3:4- 
dihydro-compound with sodium and ethyl 
alcohol, followed by hydrolysis with dilute 
hydrochloric acid (Corn forth. Com forth, and 
R. Robinson, ibid. 1942, 689). 

Of these methods the last is probably the most 
convenient laboratory method. The yield of 
jS-tetralone was 56% and the method is applicable 
to the production of substituted jS-tetralones. 

jS-Tetralone is a colourless, steam -volatile 
compound of agreeable odour, m.p. 18°, b.p. 
138°/16 mm. (Bamberger and Lodter, l.c.), 
partially decomposed if distilled at ordinary 
pressure to naphthalene and water. It forms a 
bisulpliite compoimd (unlike a-tetralone), oxime, 
m.p. 87-5-88°, phenylhydrazone, m.p. 107*5- 
108° (decomp, by light), semicarbazone, m.p. 
190-191°. In alkaline solution it undergoes 
rapid autoxidation, an indigo- blue colour 
developing. 

j3-Tetralone forms a dibenzylidene derivative, 
m.p. 119-120° (Wallach and Weissenbom, 
Annalen, 1924, 437, 148). It can be methylatecl 
by moans of methyl iodide and sodium iso- 
propoxide in isopropyl alcohol to l-methyl-2- 
tetralone (Coraforth, Comforth, and Robinson, 
l.c.). With diazomethane it gives, however, 2- 
methylenetetrahydronaphthalene oxide (Moset- 
tig and Burger, J. Amer. Chem. Soc. 1931, 53, 
2295). 

The following derivatives of 2 -tetralone were 
described by Comforth, Comforth, and Robin- 
son (l.c.): 1-metkyl-, b.p. 137-138°/18 mm., 
semicarbazone, m.p. 200-202° (decomp.) ; 5-meth- 
oxy-, b.p. 120-122°/0*4 ram. ; ^-methoxy-, m.p. 
36*6°; 5-methoxy-l-methyl-, semicarbazone, m.p. 
188-190°; b-methoxy-\:\-dimethyl-, m.p. 83-86°, 
semicarbazone, m.p. 192-194°. 

Highly chlorinated and brominated )3-tetra- 
lones have been obtained by halogenation of 
2-hydroxy-3-naphthoic acid; l:\:Z:2:4-penta- 
chloro-P-ietralone ha.s m.p. 116°; l:l:3:3-^e^fa- 
bromo-4-acetoxy-P-tetralone, m.p. 140° (Fries and 
Schimmelschmidt, Annalen, 1930, 434, 246). 

ar-Tetrahydro-[a-]-naphthaquinone, yel- 
low needles, m.p. 66*6°, is a substance closely 
resembling benzoquinone, and is prepared in a 
similar manner. It was obtained by Bamberger 
and Lengfeld (Ber. 1890, 23, 1131) by oxidising 
or-tetrahydro -a-naphthylamine with chromic- 
sulphuric acid; it is also formed by similar 
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oxidation of ar-tetrahydro-4-hydroxy-l-naph- 
thylamine (Jacobson and Turnbull, ibid. 1898, 
81, 898) or of ar-tctrahydro-l:4-naphthylene- 
diamine (Rowe and Green, J.C.S. 1918, 118, 961). 
The his-chloroimidey CjoH io(:NCI) 2 » m.p. 68°, 
is obtained by the action of bleaching powder on 
ar-tetrahydro-l:4-naphthylenediamine in hydro- 
chloric acid solution (BainbergiT, Annalen, 1890, 
257, 8). The quinone has also been obtained by 
electrolytic oxidation of ar-tetrahydro-a-naph- 
thylamine (Ono, Mem. Coll. Sci. Kyoto, 1922, 
5, 346). The mono-oxhm of tetrahydro- 

[a-]naphthaquinone, m.p. 163°, is formed from 
tetrahydro-a-naphthol and nitrous acid; and 
the monophenylhydrazone is identical with 4- 
benzeneazo-ar-tetrahydro-l-naphthol (Rowe and 
Levin, J.C.S. 1927, 530). The quinone is 
reduced by sulphurous acid to the con'espondiiig 
quinol, wlii(?h can be re-oxidised by potassium 
dichromate successively to the quinhydrone and 
the quinone. 

An isomeric tetrahydronaphthaquinone, 
namely, 5:8:9: 10 tetrahydro-[a-]'na2>hthaquivoney 



m.p. 68°, is obtained by reaction of benzoquinone 
with butadiene (Diels, Alder, and Stein, Ber. 
1929, 62 [B], 2337). 

Aoyl Derivatives of Tbtraijn. 

It has already been stated that tetralin reacts 
with acyl chlorides under Friedel-Crafts con- 
ditions in the /5-position of the aromatic ring. 
According to Hesse, tetralin reacts slowly with 
acetyl chloride in carbon disulphide in the 
presence of aluminium chloride, giving a 90% 
yield, pure after one distillation, of or- p-tetra- 
hydronaphthyl methyl ketone, a liquid, b.p. i82°/20 
mm., forming a semicarbazone, m.p. 234-235° 
{ibid. 1920, 58 [B], 1645). Barbot (BuU. Soc. 
chim. 1930, [iv], 47, 1314) gives m.p. 257-258° I 
for the semicar bazone ; he also prepared ar-/5 
tetrahydronaphihyl ethyl ketone, b.jj. 169°/17 mm. 
{aemicarbazone, m.p. 224-226°), the n-propyl 
ketone, b.p. 178°/18 mm., and the mopropyl 
ketone, b.p. 163°/ 11 mm. The ketones can be 
dehydrogenated by heating with sulphur to /5- 
naphthyl alkyl ketones ; according to von Braun, 
Hahn, and Seeman (Ber. 1922, 65 [B], 1687) they 
are dehydrogenated by heat alone at 680-700°. 
These authors used /5-tetryl methyl ketone for 
the preparation of 2-/5-tetrahydronaphthyl- 
. quinoline by condensation with isatin (c/. E. 
Schering, Emde, and Freund, G.P. 344027, 1920). 
jS-Tetryl methyl ketone undergoes the Mannich 
reaction with formaldehyde and dimethylamine 
hydrochloride (Mannich and Lammering Ber. 
1922, 55 [B], 3510). Tetralin also condenses 
with ohloroacetyl chloride. 

Although tetralin undergoes decomposition 
when warmed with a small proportion (1-2%) of 
aluminium chloride at 50-70° (Schroeter et al., 
Ber, 1924, 67 [B], 1990), it can be condensed 
with phthalio axihydride in the presence of 


aluminium chloride in benzene at about 70° 
to give a quantitative yield of o-2-tetralOyl- 
benzoic acid, m.p. 153-155°. Under similar con- 
ditions 2-methylnaphthalene forms o-2-methyl- 
^-tetraloylbenzoic acid, m.p. 160° (Schroeter, 
ibid. 1921, 54 [B], 2242). For the formation of 
indandiones from tetralin and dialkylmalonyl 
chloride, see von Braun et al., ibid. 1920, 58 [B], 
1161 ; Fleischer and Siefert, ibid., p. 1256). 

H EX AH YDRONAPHTHALENES. 

Very little is definitely known about the 
hexahydronaphthalenes and it seems doubtful if 
one has yet been accurately characterised The 
so-called hexahydronaphthalenes obtained by 
early workers by reduction of naphthalene with 
hydriodic acid were certainly mixtures. Pre- 
parations of hexalins have been made by 
removing halogen hydrides from dibromo- or 
diehloro-decaliiis, and by dehydrating octalin 
glycols. Leroux (Ann. Chim. 1910, [viii], 21, 
473) obtained a product which he considered 
to be hexahydronaphthalene by heating di- 
bromodecalin with quinoline but Morton and 
De Gouveia (J.C.S. 1934, 922) showed spectro- 
scopically that the product so obtained contains 
50% of tetralin and decalin. Borsche and 
Lange obtained hexahydronaphthalene, b.p. 
75-85°/ 16 ram., by heating dichlorodecalin, b.p. 
]48-150°/16 mm., with aniline (Annalen, 1924, 
434, 219). Nametkin and Glagoleff (Ber. 1929, 
62 (Bj, 1670) dehydrated ^-octalin glycol by 
heating with dilute sulphuric acid at 150° and 
obtained hexahydronaphthalene as a liquid, 
b.p 75-76°/8mm. 

OCTAHYDRONAPHTHALENES 

(OCTALINS). 

According to current theory, six different 
octalins, should exist, namely A^- and 

A’'^- (both in cis- and forms), and A^-, 
thus : 



In practice the octalins are generally prepared 
by dehydration of the a- or /S-decalols or their 
salts or esters and the product obtained is a 
mixture of isomers separable with some degree 
of difficulty. The J® appears to be the most 
stable isomer and others tend to change into it 
under the conditions of their formation ; the 
J* isomer is in fact formed in the course of the 
dehydration of 8-deoalols, obviously through 
transformation oi A^ or A^ isomers. It has also 
been shown that changes into A^ by heating 
with toluene-p-sulphonic acid in methyl alcohol 
(Hiickel and Naab, Annalen, 1933, 502, 136), 
and that trans-J®-octalin changes into A^ when 
heated with phosphorus pentoxide (Linstead 
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et erf., J.C.S. 1037, 1136). The identity of the 
different ootalins has been established mainly 
on the evidence given by their oxidation pro- 
ducts. The octahns are generally characterised 
by their dibromides or nitrosochlorides. It must 
be noted, however, that an octalin can form two 
or possibly three different stereo-isomeric decalin 
derivatives by addition, which may account for 
a certain amount of confusion in the literature. 

id'^-Octalin. — This octalin was obtained 
mixed with other isomers by Hiickel, Danneel, 
Schwarz, and Gercke (Annalen, 1929, 474, 121) 
by dehydrating ci«-j3-docalol with zinc chloride, 
and was prepared in quantity by similarly 
dehydrating mixed jS-docalols at 180-195°. 
The mixed octalins so obtained were converted 
into nitrosochlorides, from which the blue 
crystalline nitrosochloride of the d^-octalin was 
separated and purified by recrystallisation; 
yield 26% of theory. From this the octalin was 
regenerated by boiling with sodium methoxide 
in methyl alcohol. The yield from cia- is greater 
than that from trana-p-decaloh. 

-Octalin thus obtained has b.p. 194°/760 
mm., 79°/14 mm.; m.p. -34°; pf 0-9170; 

1 '49963. It is characteriaed by forming a 
blue nitroaochloride^ m.p. 92*5° (the blue colour, 
resembling copper sulphate, being given only 
by hydrocarbons having a double bond between 
two tertiary carbon atoms), and a dibromidey m.p. 
163-164°. J ^-Octalin is also obtained by 
dehydrating cia- or trans-2-cyclopentylcyclo- 
pentanols (Zelinski, Tiz, and Fatejev, Ber. 
1926, 69 [B], 2680; Hiickel et al., Annalen, 
1929, 477, 99) and by dehydrating l-JV-butenyl- 
cyc/ohexanol (Linstead et ah, J.C.S. 1937, 1136). 

With ozone in light petroleum A ^-octalin gives 
a stable ozonide, m.p. 168° ; but in acetic acid 
solution it is oxidised by ozone to cyclodec&ne- 
l:6-dione and 5-ketosebacic acid. With benzoyl 
peroxide it forms an oxide, b.p. 82-83°/12 mm., 
which on hydration gives decalin-9:10-diol, 
probably a mixture of cia- and fra^w-isomers since 
the melting-point of different fractions is 
between 84*6° and 92° (Hiickel et al., l.c.). 
Nametkin and Glagoleflf {lx.) gave the melting- 
point of the diol as 66-67°. 

By' oxidising J®-octalin with chromic and 
acetic acid Hiickel and Naab obtained what they 
considered to be pure iTAXi&-decalin-^:\0-di(i, 
m.p. 96° {monoaxetale, m.p. 132°), whilst Criegee, 
using osmium tetroxide as oxidising agent, 
obtained what he considered to be cis-decalin- 
9:l0-diol, m.p. 89*6°, which depressed the 
melting-point of Hiickel ’s product of benzoyl 
peroxide oxidation (Annalen, 1936, 522, 93). 

The oxidation of J®-octalin by selenium di- 
oxide was studied by Campbell and Harris 
(J. Amer. Chem. Soc. 1941, 63, 2721) ; in glacial | 
acetic acid with 1 mol. of reagent, A^-l-octalyl \ 
a4^ekUe is formed, and with 2 mol., J^-l:6-d}- 
hydfoxyodalin diaxelale, m.p. 122-123°; further! 
oxidation of the former gives A^-octatin-l-one 
(atmiowhazme, m.p. 241-242°) which Hiickel 
and Naab had obt^ed by chromic acid oxida- 
tion of J ’-octalin and considered to be J’- 
ootalone ; farther oxidation of the diol diacetate 
gives J’-octoZ»n-l:5-df(me, m.p. 113-114°. 

When hydrogenated in the presence of 
You Vni--28 
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platinum black in acetic acid solution, J’- 
octalin gives a mixture of cia- and frans-decalin 
in the ratio 2:1. 

Ji(9).Octaiin is obtained by thermal decom- 
position of the methyl xanthate ester of trana^ 
decahydro-a-naphthol, m.p. 63°, forming 80% 
of the octalin product, the other 20% being 
.octalin. It has b.p. 196*5-198-5° and 
forms a bimolecular nitroaochl'Oride, m.p. 127°. 
By ozonisation it gives mainly y-2-ketocjclo- 
hexylbvtyric acid. 

2-Keto-lO-methyl-A^^^'^-octa1in{2A-dinitrophenyl- 
hydrazone, m.p. 169°) and 2-keto-S-methyl-A^^^^- 
octalin {2A-dinitrophenylhydrazone, m.p. 172°) 
have been synthesised by R. Robinson, du Feu, 
and McQuiliin (J.C.S. 1937, 63). 

Octal ins. — The cia- and trana-formB of 
J' -octalin do not appear to have been accurately 
characterised. cij-J ^-Octalin is present along 
with the J ^-isomer in the octalin obtained by 
dehydrating ci^-jS-decalol by heating with potas- 
sium hydrogen sulphate, and is formed by 
thermal decomposition of the methyl xanthate 
ester of cis-a-decalol, m.p. 93° (Hiickel et al., 
Ux.). -Octalin, may be formed, along 

with the J ^-octalins, when mixed 2-chloro- 
decah'ns are heated with aniline (Borsche and 
Lange, Annalen, 1923, 434, 219). 

The synthesis of some l:2-dialkyl-J^ -octalins 
has been described by Nesty and Marvel (J. 
Amer. Chem. Soc. 1937, 59, 2662). 

d ‘‘^-Octalins. — ciB- A‘^ -Octalin, b.p. 72-73°/16 
mm., is obtained from cw-2-chlorodecalm 
(Borsche and Lange, l.c.) and is characterised by 
a dibromide,, m.p. 170°. 

tram- A"^ -Octalin is obtained when trana-P- 
decalol, m.p. 76°, is dehydrated by heating with 
potassium hydrogen sulphate at 200° ; it has 
m.p. -24°, b.p. 190-192°, 0-901, nn 1-491, 

and forms a dibromide, m.p. 86°. On oxidation 
it gives frana-cyc^ohexanediacetic acid. It was 
first prepared by Leroux (Ann. Chim. 1910, 
[viii], 21, 458) and its identity was established 
by Borsche and Lange, and by Hiickel (l.c.) 
It is hydrogenated (platinum black in acetic 
acid) three times as fast as J ’-octalin (Hiickel 
et al., l.c.). 

An amine assumed to be lO-amino-A^^^- 
octalin, m.p. —11°, has been described by 
Hiickel and Blohm (Annalen, 1933, 502, 114). 

DECAHYDRONAPHTHALENES 

(DECALINS). 

The formation of decalin by hydrogenation of 
naphthalene, its manufacture and the properties 
of the commercial product have already been 
described (p. 413c). 

Decalin {decahydronaphthalene, CigH^g, 
exists in two stereoisomeric forms, cia- and trana- 
(see p. 414c) which differ appreciably in physical 
properties and in some of their chemical proper- 
ties. The possibility of this kind of isomerism 
of decahydronaphthalene was deduced on 
theoretical grounds by Mohr (J. pr. Chem. 1918, 
[ii], 98, 321 ; Ber. 1922, 56 [B], 230) and the 
existence of the two forms was first reported 
by W Hiickel (Nach. K. Ges. Wise. Qdttingen, 
1923, 43) who subsequently carried out most 
important work on the isomeric forms of decalin 
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and its derivatives. The two forms of decalin 
were obtained by fractional distillation of 
technical decalin, by reduction of the cis- and 
<ro?i,5-j8-decalone8 by Clemmensen’s method and 
from cis- and fmns-^-decalols by dehydrating 
these to octalins and reducing them catalytically. 
Which of the isomers has the cis- and which the 
^ra7?s- configuration was deduced partly on 
grounds of analogy with known cyclohex&ne 
derivatives (ct^-forms generally have the higher 
boiling-point, density, and refractive index), and 
partly from their relationship to the cis- and 
fmw5-decalols and -decalones, for which there is 
independent chemical evidence of configuration 
(Htickel, Annalen, 1925, 441, 1). 

Decalin is a colourless, steam- volatile liquid 
with an odour of menthol. The physical 
constants, including most recent determinations, 
are as follows : 

M.p. : cis-, —45° ; trans-, —33° (Htickel, ibid. 
1938, 533, 26). 

M.p.: cis-, 43-25°; trans-, — 31-16° (Seyer and 
Leslie, J. Amer. Chem. Soc. 1942, 64, 
1912). 

B.p. : cts-, 193°; trans-, 185^ (Htickel, 1926, 
lx,). 

B.p. : cis-, 194*6° ; trans-, 185-4° (Seyer and 
Leslie, l.c.). 

Density ; cis-, 0*893-0*898 ; trans-, 0-8709 
(HUokel, 1925 and 1938, ll.c.). 

Refractive index: cis-, 1-480-1*482; 
trans-, 1-4696-1*4713 (Htickel, lie.). 

Critical temp: cis-, 418-419°; trans-, 408- 
408-5° (Htickel, 1938, l.c.). 

Viscosity, in antipoises *. cis-, 0°, 6-620 ; 10°, 
4*300 ; 20°, 3*381; 100°, 0*920; trans-, 
0°, 3-233; 10°, 2*588; 20°, 2*128; 100°, 
0*692 (Seyer and Leslie, l.c.). 

Mol. heats of combustion : cis-, 1499-9 kg.- 
cal. ; trans-, 1496-9, kg. -cal. (Roth and 
Lasse, Annalen, 1926, 441, 48) ; trans-, 
1493*7 kg.-cal. (Htickel, 1938, l.c.). 

It follows from the discovery of the two forms 
of decalin in 1923 that the earlier work on decalin 
and its derivatives, especially that concerning 
physical constants, loses much of its value. 
References to earher work will be found in 
Htickel’s papers already quoted. It appears 
from results quoted by Willsttitter and Seitz 
that the product of catal5rtic hydrogenation 
of naphthalene using platinum is almost pure 
cw-isomer (Ber. 1924, 67 [B], 683) although 
Htickel considered it to contain 10% of the 
traiM-ioxm. Linstead et al. (J. Amer, Chem. 
Soc. 1942, 64, 1986) have offered a mechanical 
explanation for the observation that catalytic 
hydrogenation of polycyclic hydrocarbons at a 
low temperature gives cw-compounds. Yet it 
is to be noted that Htickel obtained a mixture 
of cis- and frans-decalin (ratio 2:1) by hydro- 
genating J^-octalin using platinum black in 
acetic acid as catalyst (A^alen, 1929, 474, 
121). The dehydrogenation of decalin by 
platinum on different carriers at 200-360° has 
been studied by Zelinski and Balandin (Z. 
physikal. Chem. 1927, 126, 267; Bull. Acad, 
Sci. U.R.S.S. 1929, 1, 29). 

Properties . — ^Decalin is comparatively stable 


towards oxidation but according to Castiglioni 
(Gazzetta, 1934, 64, 466) undergoes autoxidation 
in air in the presence of light, especially ultra- 
violet. Acid permanganate oxidises it to 
phthalic acid. Its oxidation by ozone has been 
studied by Durland and Adkins (J. Amer. 
Chem. Soc. 1939, 61, 430) ; the cis-form is more 
readily attacked than the trans-, giving 9- 
hydroxy-cis-decalin, some J *-ocialin, and a little 
cie-a-dccalone. The irans-iovm gave a 28% yield 
of ^-hydroxy-ivanB-decalin, with A^-oclalin and 
some trans-a-decaione. Oxidation of trans- 
decalin with selenium dioxide gives 2:3- (or 
1:2-) diketo-tT&ns-decalin, whilst Caro’s acid 
gives a peroxide, m.p. 174° (Rao and Kiip- 
puswamy, J. Annamalai Univ. 1937, 7, 22). 

Since decalin is stable to cold concentrated 
sulphuric acid, and even to weak oleum, these 
reagents can be used to purify it from less 
saturated hydrocarbons such as tetrafin. It is 
also insoluble in liquid sulphur dioxide, which 
can be used for the same purpose (Tetralin 
G.m.b.H., G.P. 310781). According to Pro- 
kopetz, when decalin is shaken with 20% oleum, 
the cis-isomer alone is oxidised, leaving the 
trans- unaffected (J. Appl. Chem. Russ. 1935, 
8, 1214). Chlorine attacks decalin in the cold 
forming chloro derivatives {v.i.) ; bromine is 
without action in the cold, but at higher 
temperatures has a dehydrogenating action, 
and bromonaphthalenes are formed (Leroux, 
Ann. Chim. 1910, [viii], 21, 460). Attack by 
bromine takes place very readily in the presence 
of aluminium bromide, and the curious result 
was observed by Zelinsky and Turova-PoUak 
(Ber. 1929, 62 [B], 1658) that, using the rec^uisite 
proportion of bromine, cis- and trans-deesMn 
gave two different hexabromonaphthalenes, m.p. 
312° and 269° respectively. Since the former 
only is obtained by direct bromination of 
naphthalene, it cannot be assumed that de- 
hydrogenation of decalin precedes bromination. 
The same authors found that cis-, but not trans- 
decalin forms a molecular compound with 
aluminium bromide, and that this reagent 
changes the cis- into the trans-ioim, other 
hydrocarbons being formed at the same time 
{ibid. 1926, 68 [B], 1292). Amongst the hydro- 
carbons formed by the action of aluminium 
bromide and of aluminium chloride on decalin 
at 130° is an isomeric hydrocarbon, a dimethyl- 
0:3;3-bicyc?ooctano, 



in which the positions of the methyl groups are 
uncertain (J. Appl. Chem. Russia, lOM, 7, 763 ; 
Jones and Linstead, J.C.S. 1936, 616). 

ChLORODBO ALINS . 

Mono- and di-chlorodecalins, liquids, have 
been obtained by chlorinating decalin, but it is 
doubtful whether individual compounds have 
yet been 'isolated, except possibly the 2-chloro- 
cis-decalin, b.p. 110-112°/16 nim, obtained by 
Borsohe and Lange from cts-)3-decalol, ]n.p. 
104°; individual compounds should, however, 
be oWinable now that all the isomeric decalols 
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have been characterised by Hiickel {see Leroux, 
Ann. Chim. 1910, [viii], 21 , 460; Borsche and 
Lange, Annalen, 1923, 434 ; 219; Zelinski and 
Gavedovskaja, Ber. 1924, 57 [B], 2062; Gysin, 
Helv. Chim. Acta, 1926, 9 , 69). 

Bromodecalins. 

The chemistry of the brominated decalins is 
also in an incomplete state. They have been 
obtained from the octalins by addition of 
hydrogen bromide or bromine. A 9-bromo- 
decalin, iQ-P* 29-30°, was obtained by Clemo 
and Orrnston by the addition of hydrogen 
bromide at 0° to J^-octalin; its configuration, 
cis- or trans-, is unknown (J.C.S. 1932, 1778). 
A 9:l0’dibro7n,odecaliny m.p. 163-164°, is formed 
by addition of bromine to the same octalin 
(Hiickel et al., Annalen, 1929, 474, 121). I^eroux 
(l.c.) described a l:2-dibrornodecalin, m.p. 143°. 
2:^~Dibromo-tr&n8-decalinf m.p. 85°, has been 
obtained by Leroux, by Borsche and Lange, and 
by Hiickel ; the two bromine atoms are probably 
in ci«-coiifiguration. Leroux also described a 
second 2:3-dibromodecalin, m.p. 41°, which 
did not give a ci^-glycol on hydrolysis (c/. 
Ganapathi, Ber. 1939, 72 [BJ, 1381*). 

NiTRODEC ALINS. 

The nitration of docalin has been studied by 
Nametkin and Madaev-Sitschev {ibid. 1926, 
59 [B], 370) and by Hiickel and Blohm (Annalen, 
1933, 502, 114). The former used technical 
decalin whicdi is nitrated by prolonged boiling 
with nitric acid, p 1*20, giving mainly 9-nifro- 
decalin, b.p. 96-97°/2 mm., insoluble in alcoholic 
potassium hydroxide, a little \-nitrodecalm, 
b.p. IO8-IO97I4 mm., soluble, and some 9:10- 
diniirodecalin, m.p. 164° (decomp.). Hiickel 
and Blohm studied the nitration of pure trmis- 
decalin as well as a mixture of 65% cis- and 
36% trans-. The ^raws-isomer gave almost 
entirely 9-wi^ro-trans-decaZiw, m.p. 24° ; the 
same isomer is the main product of nitrating 
the mixture, some Walden inversion occurring. 
The nitro-ci^-decalin could not be obtained pure, 
but pure 9-amine was obtained by reducing the 
impure material {v.i.). By reducing 9-nitro- 
IraTW-decahn with aluminium amalgam, 9- 
nitroso-tvB,n8-decaliny m.p. —16°, was obtained. 
It forms blue crystals (c/. J®-octalin nitroso- 
chloride), but also exists in a colourless bi- 
molecular form, m.p! 100°. 

Amino and Hydroxy Derivatives. 

Aminodecaiins {decalylamines) wore first 
prepared by Leroux (Ann. Chim. 1910, [viii], 
21 , 630) by reducing the oximes of a- and j8- 
decalones with sodium and alcohol. He obtained 
them as liquids of unpleasant odour, having the 
properties of strong bases. ^-Naphthylamine 
can be reduced to decahydro-jS-naphthylamine 
by hydrogen in the presence of nickel or nickel 
chromite using conditions ranging at first from 
176-22571,000-2,000 lb. per sq. in. and subse- 
quently 260-300°/2, 000-3, 000 lb. per sq. in. ; 
as a by-product di-decahydro-j8-naphthylamine 
is obtained (I.C.I., B.P. 606928; U.S.P. 
2127377). All detailed knowledge of a- and j3- 
deoalylamines is due, however, to the work of 
W. Hiickel and his school. 
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Stereochemical considerations show that both 
cis- and Zm?w-decalin should give rise to two 
different a-mono-substituted derivatives ; thus 
there should be four different a-decalylamines, 
each of which contains asymmetric carbon 
atoms and should be resolvable into optical 
isomers. Ignoring optical isomers for the 
present, four a-decalylamines, four jS-decalyl- 
jimincs, four a-decalols, and four j3-decaloIs 
should be possible. ' When, however, the amino- 
or hydroxyl-group is attached to the 9 (=»10/ 
carbon atom, only two isomers are possible. 
These theoretical considerations have been 
completely confirmed by Hiickel. Ho has been 
able to correlate the amino derivatives with 
the corresponding hydroxy derivatives, but it 
has not yet been possible to establish the 
configuration of the pairs of compounds such 
as the two ci5-a-decalylamines. For purposes 
of nomenclature these are designated cis-a- 
deoalylamine-I and cis-a-decalylamine-II, and 
so on. The complete series of decalylamines 
and deealols are given in the following Tables 
{see Hiickel, Annalen, 1938, 583, 1 ; Hiickel et 
al., ibid. 1933, 502, 99) which include melting- 
points of characteristic derivatives. 


a- AND jS-l)ECALYLAMlNE8. 


Designation. 

M.p. 

Benzoyl 

derivative, 

m.p. 

Acetyl 

derivative, 

m.p. 

m-a-Ainine-1 

8° 

206° 

isr 

m-a-Amine-II 

— 2“ 

193° 

141° 

im«s-a-Aniint‘-I 

-18^ 

112° 

130° 

imm-a-Aiiiine-Il 

-1° 

195° 

182° 

cis-^-Amme-1 

14° 

204° 

153° 

m’-j3-Amine-II 

1 ca. 20° 

128° 

88° 

trans-^-Amme-l 

47° 

177° 

130° 

trans- p- Amino -11 

15° 

176-177° 

163° 


a- AND jS-DECALOLS. 


Designation. 

M.p. 

Acid 

phtlialato, 

m.p. 

Acid 

succinate, 

m.p. 

cis-a-Decalol-I 

93° 

176° 

66° 

m-a-Decalol-II 

55° 

142° 

54° 

iran«-a-l)ecaIol-I 

49° 

121° 

107° 

iran/f- a-Decalol-ll 

63° 

168° 

85° 

ewf-^-Decalol-I 

105° 

116° 

81° 

m-/3-Dccalol-II 

18°, 31° 

153° 

59° 

trans-P-Decalol-l 

53° 

107-180° 

64° 

trans-^-Decolol-Jl 

75° 

180° 

81° 


The amines and alcohols are obtained respec- 
tively by acid or alkaline reduction of the 
corresponding ketoximes and of the ketones 
themselves {cis- and trans-a- and j8-decalones, 
v.i). The products designated I are obtained 
pr^ominantly by reduction under acid con- 
ditions, those designated II under alkaline con- 
ditions. In the a-series a uniform product is 
generally obtained by reduction under one or 
other set of conditions, but in the jS-series a 
mixture of products is more often formed. 

It is interesting to note that by treatment with 
nitrous acid both amines I and II of the trans- 
series give deealols II, the former undergoing 
Walden inversion ; and whereas amines II give 
a quantitative yield of deoalol, amines I give 
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only 30% of deoalol with 70% of octalin. In 
the cw-series, however, the jS-amines and not the 
a-amines undergo Walden inversion and there 
is no relation between occurrence of inversion 
and production of octalin. 

ciB-P- Decalylamiifie I, m.p. 15°, after careful 
purification, has been resolved into d- and l- 
forms through the d-camphorsulphonato. The 
d- and ^-amines had m.p. 30*6°, benzoyl derivative, 
m.p. 205°, acetylf m.p. 173° ; the hydrochlorides 
in water gave [a]},®* -b 15-4° (Hiickel and Kiihn, 
Ber. 1937, 70 [B], 2479). (For further infor- 
mation on the a- and )3-decalyamines, see 
Hiickel et al,y Annalen, 1925, 441 , 1 ; 1927, 451 , 
109; 1933, 502 , 99 ; Ber. 1941, 74 [B], 67). 

The two,9-aminodecalin8 have been obtained 
by reduction of the O-nitrodecalins ; 9 -amino- 
treaiB-decalin has m.p. —25°, acetyl^ m.p. 183°, 
benzoyl, m.p. 148-149° ; 9-amino-cm-decalin, 
m.p. —13°, acetyl, m.p. 127°, benzoyl, m.p. 147°. 
The latter was also obtained by reducing 9- 
nitroso-lO-chlorodecalin (Hiickel and Blohm, 
Annalen, 1933, 502 , 114). The 9-aminodecalins 
do not undergo inversion when treated with 
nitrous acid to form 9-decalols, but much 
octalin is formed {ibid. 1938, 533 , 1). 

a-Decalols. — ^The hydrogenation of a*naph- 
thol under pressure in the presence of nickel 
oxide (225-230°/168-172 atm.) was carried out 
in 1907 by Ipatieff (Ber. 1907, 40, 1287) who 
obtained a small yield of decahydro-a-naphthol, 
m.p. 67-59°. Later Leroux found that a- 
naphthol could be hydrogenated with difficulty 
to a decahydro-compound in the vapour phase 
in the presence of reduced nickel ; the reaction 
is carried out in two stages, the first at 170° and 
the second at 130° ; the catalyst must be highly 
active, but if too active it causes dehydration 
to octalin. Leroux’s product had m.p. 62°, 
b.p. 109°/ 14 mm. ; both this and the material 
obtained by Ipatieff must have been trans-a- 
decalol-11. 

According to English and Cavagheri, hydro- 
genation of a-naphthol by Adkins method gives 
mainly im/w-a-decalol (J. Amer. Chem, Soc. 
1943, 65, 1086). 

The conditions under which the isomeric 
a-decalols are formed are as follows. They can 
be separated by fractionation of their hydrogen 
phthalates, hydrogen succinates, or p-nitro- 
benzenesulphonates {see Hiickel et al., Annalen, 
1926, 441 , 1 ; 1930, 477 , 160 ; 1933, 502 , 99), 
cis- a- Decalol-1, m.p. 93°, is formed almost 
exclusively by hydrogenating ar-a-tetralol in 
the presence of platinum and acetic acid, and in 
good yield, with some iraiw-a-decalol-I, using 
colloidal platinum (Skita). Hydrogenation of 
a-naphthol by the Skita method gives a small 
yield with much decalin and other products. 

cis-a-DecoZoZ-Il, m.p. 66°, is obtained from cis- 
a-decalyamine-II. 

tram-a- Decalol-I, m.p. 49°, is formed, as 
already indicated, by hydrogenating a-naphthol 
under pressure with a nickel catalyst. At the 
same time a smaller quantity of /mw^-a-decalol- 
II is formed, the ratio being 3-4:1. i 

trans-a-Decolol-II, m.p. 63°, is formed as 
above, and better by Skita hydrogenation of 
^ans-a-deoalone. < 


L Transformation of ci«-a-decalol-I and trans-a- 
t decalol-I to <mn«-a-decaloMI is said to occur 
I when the former are heated at about 160° with 
sodium in xylene, using slightly more than 
enough sodium to form the alkoxide (Hiickel 
and Naab, Ber. 1931, 64 [B], 2137). 

jS- Deca I o I s . —When Leroux hydrogenated 
j3-naphthol as described for a-naphthol, he 
obtained a decahydro derivative, m.p. 76°, b.p. 
238° ; whilst Ipatieff, by his method, obtained a 
product of peppermint -like odour, m.p. 99-100°, 
which was later shown by Mascarelli (Atti R. 
Acad. Lincei, 1911, [v], 20 , ii, 223; Mascarelli 
and Recusani, Gazzetta, 1912, 42 , ii, 36) to be a 
mixture of two isomers, m.p. 76° and 105°. 
That these were derived respectively from cis- 
and fra»5-decalin was shown by Hiickel by 
oxidising them to known derivatives of cis- 
and trans-cyclohexane and by establishing their 
relation to cis- and trans -p-decalones. The 
existence of the four isomeric jB-decalols was 
established by Hiickel in 1926 (Annalen, 1927, 
451 , 109). Zelinski and Turova-PoUak had 
isolated three j3-decalols from technical decalol 
made by Poulenc Fr^res, but Hiickel isolated 
all four isomers from a large sample of technical 
decalol (c/. J. D. Riedel, A.-G., G.P. 486716, 
1926 ; this firm has a patent, G.P. 408664, for 
hydrogenating ar-/3-tetralol in the presence of 
nickel at 180° in tetralin solution to j8-decalol). 
According to Hiickel, hydrogenation of ac- or 
ar-/3-tetralol in the presence of platinum black 
and acetic acid gives ci5-j8-decalol-I, m.p. 105° ; 
colloidal platinum (Skita) produces decalin and 
a mixture of decalols containing much of the 
same isomer, some trans-j3-decak?Z-II, m.p. 75°, 
and more of eis-p-decalol-11, m.p. 18°. 

ciB-p- Decalol-i, m.p. 106°, is obtained as 
stated above, also by sodium reduction of cis- 
j8-decalone and from the cis -p-amine-l (Hiickel 
etal., Annalen, 1925, 441 , 1). It is practically 
odourless ; its phenylurethane has m.p. 134°. 

cia-P- Decalol-11, m.p. 18°, has an intense 
sweet smell. It is produced along with the 
other cw-form by sodium reduction of cia-P- 
decalone. Its phenylurethane has m.p. 102°. 

tranB-P- DeccUol-1, m.p. 63°, is formed, along 
with the other fra7?«-isomer by hydrogenation 
(Skita or WiUst&tter) of fra?w-/3-decalone. It 
has an intense odour of menthol. Its phenyl- 
urethane has m.p. 99° and^ it is best purified 
through its oxalate, m.p. 143°. 

tranB-p-Decalol-ll, m.p. 76°, is obtained as 
mentioned above, and also from the action of 
nitrous acid on both forms of trans-P-decalyl- 
amine. 

When heated with sodium and xylene both 
cw-j5-decalols give a mixture containing 80% of 
cw-jS-decaJol-I and 20% of ci«-^-decalol-II ; the 
trans- p-deoalol-1 is converted into trans-P- 
decalol-II (Hiickel and Naab, Z.c.). 

The optically active forms of cw-j8*decalyl- 
amine-I referred to above gave on treatment 
with nitrous acid optically active forms of 
aiB-p-decalol-ll, m.p. 38°, forming a racemic 
compound, m.p. 31°. The phthalate of the 
(+ )-decalol had a negative rotation. 

9-Hydroxydecalins. — These are obtained 
by the action of nitrous acid on the O-amines. 
9-Hydroxy-^-decalin has m.p. 66° ; 9-hf^hroxy- 



NAPHTHALENE. 


437 


trane-dteafWTO, m.p. 64°. ^-Amino-lO-hydroxy- 
decalin has m.p. 103° (Hiickel and Blohm, ibid. 
1933, 502 , 114). 

DIHYDROXYDECALINS. 

2:3 - Dihydroxydecalins. — Two isomeric 
2:3-dihydroxydecalinB were obtained by Loroux 
from 2:3-dibromodecalin, m.p. 86°, which was 
prepared from J^.Qctalin and bromine. The 
first, obtained by the action of aqueous potash 
on the dibromo-compound, had m.p. 160°; in 
this compound the two hydroxyl groups must 
have configuration, since it is also obtained 
from octalin-2:3-oxide (liquid, b.p. 226°) which 
is formed by the action of cold alcoholic potas- 
sium hydroxide on octalin-2:3-iodohydrin, m.p. 
70° (Ann. Chim. 1910, [viii], 21, 495). Accord- 
ing to Ganapathi (Ber. 1939, 72 [Bj, 1381) this 
glycol is ciB‘2:3-dihydroxy‘tTanR‘decalin, and its 
true m.p. is 166°. This glycol (m.p. 168°) has 
also been obtained by Lehmann and Kratschell 
by dismutation of 3 -hydroxy -/m»«-)3-decaIone 
{ibid. 1936, 68 [B,] 360). Its bisphenylurethane 
has m.p. 195° (Leroux). The second glycol, 
tTB,ViQ‘2\3-dihydroxy-tmns-decalm, m.p. 141°, was 
obtained by the adtion of silver acetate in acetic 
acid on the same dibromo-compound ; its 
phenylurethane has m.p. 121°. It is also formed 
by reduction of 2:3-diketo-<m??«-decalin with 
sodium amalgam (Ganapathi), and by reduction 
of a 3-hydroxy-tmw«-)5-decalone of m.p. 134° 
(Lehmann and Kratschell, l.c.). A third glycol, 
m.p. 125°, obtained along with the second, was 
considered by Leroux to be a molecular com- 
pound of the first two, but Ganapathi, who 
obtained it, m.p, 128-129°, by reduction of 2:3- 
diketo-frana-decalin with aluminium amalgam 
in moist ether, regards it as a second cw-2:3- 
dihydroxy-cis-decalin. 

1:6- Di hydroxydecal i n . — By hydrogenation 
of l:6-dihydroxynaphthalene over Raney nickel 
at 100-1 60°/ 120 atm., Robinson and Hudson 
obtained mixed decalin- l:6-diols m.p. 130-160°, 
with indications of a definite compound, m.p. 
169-161° (J.C.S. 1942, 691). A different decalin- 
l:6-diol was obtained by Campbell and Harris 
(J. Amer. Chem. Soc. 1941, 63, 2721) by hydro- 
genation (Adams platinum) of octalin-l:6-diol 
diacetate. 

9: 10- D i h yd roxydeca I i n . — See de(!alin-9; 10- 
diol (p. 4336). 

I)EOAHYDRO-)3-N APHTHALDBHYDE . 

This substance has been prepared from p- 
deoalone by Darzen’s reaction. It is a liquid, 
b.p. 100-102°/4 mm., with an odour of ambergris 
and is claimed as a perfume (I.G., B.P, 372013). 

Dboaueoabboxylic Acids. 

By complete hydrogenation of a- and j3- 
naphthoic acids, in the presence of platinum 
oxide Ranedo and L4on obtained decalin-l- 
carboxylic acid, m.p. 127° (chloride, b.p. 200°/120 
mm., amide, m.p. 198-199°) and decdUv •2-car -- 
haxyUc dcid, m.p. 72-76° (chloride, b.p. 210°/180 
mm., amide, m.p. 146?) (Anal. Fis. Qufm. 1927, 
25 , 421). Borsohe and Lange (Annalen, 1923, 
219) obtained a mixture of acids by treating 
the Grignard compounds from 2-chlorodecalin 


with carbon dioxide, and separated two acids 
which they called ci5-decalin-2-carboxylic acid, 
a resin (amide, m.p. 165-166°), and <m?w-decalm- 
2-carboxylic acid, m.p. 103° (amide, m.p. 166- 
168°). There should, according to stereo- 
chemical theory, be four different decalin -2- 
carboxylic acids, and Kay and Stuart (J.C.S. 
1926, 3038) obtained what they consider to be 
four different amides. Two were obtained by 
fractional crystallisation of the amides of the 
acid, m.p. 65-75°, obtained by reducing ar- 
tetrahydro-jS-naphthoic acid with sodium and 
amyl alcohol ; the other two from the amide 
of the acid, m.p. 80-90°, obtained by reducing 
with sodium and ethyl alcohol. The first two 
amides had m.p. 195-196° and 171-174°; the 
other two, m.p. 169-171° and 139-140°. 

A mixture of stereoisomeric decalin- 1- car- 
boxylic acids was obtained by Long and Burger 
(J. Org. Chem. 1941, 6, 852) by hydrogenating 
6-methoxy-l-napthoic acid, the methoxyl group 
being elimin ated . 1 - Hydroxydecalin- 2-carboxylic 
acid, m.p. 198°, was prepared by Hiickel and 
Goth by hydrogenating ethyl l-keto-l:2:3:4- 
tetrahydronaphthalene - 2 - carboxylate, and 
hydrolysing the ester. Some decalin-2-carboxy- 
late was formed at the same time (Ber. 1924, 
57 [B], 1286). 

A decalin-9:lO-dicarboxyUc acid (anhydride, 
m.p. 96°, imide, m.p. 188-189°) has been 
obtained by condensing J^-tetrahydrophthalic 
acid with butadiene and hydrogenating the so- 
obtained octalin-9:10-dicarboxylic acid, the 
anhydride of which had m.p. 68° (Brigl and 
Herrmann, ibid. 1938, 71, [B], 2280). 

Decalonbs. 

The decalones have already been referred to 
in connection with the decalols, which are 
obtained from them by hydrogenation, and the 
decalylamines, formed by hydrogenation of the 
decaloneoximes. There are four possible mono- 
ketodecalins, namely the a- and j8-docalones 
derived from both cia and fraw^s-decalin. These 
four ketones were characterised and their 
configurations established with reasonable cer- 
tainty by Hiickel in his work on the stereo- 
chemistry of decahydronaphthalene (Annalen, 
1926, 441, 1). The complete line of argument 
is too long to give here, but it may be mentioned 
that oxidation of one of the a-decalones with 
nitric acid gives cw-ct/cZohexane-l-propionic-2- 
carboxylic acid, m.p. 103°, whilst similar oxida- 
tion of the other gives the iran-s-acid, m.p. 143°, 
and that cis-j5-decalone was synthesised by 
cyclisation of ct5-cyck>hexane-l-acetic-2-pro- 
pionic acid. 

The decalones are prepared by oxidation of the 
corresponding decalols with chromic acid in 
acetic acid solution. They are oils or low melt- 
ing solids ; the a-decalones have odours re- 
sembling menthol; the jS-ketones have a less 
agreeable smell. 

The decalones have acquired some importance 
as intermediates in the synthesis of substances 
related to the sterols. 

a- Decal ones. — ^Mixed cts- and Iran^-a-de- 
calones, obtained by oxidation of mixed a- 
decalols, can be separated by fractional crystal- 
lisation of the semicarbazones (English and 
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Cavaglieri, J. Amer. Chem. Soc. 1943, 65, 1085). 
According to Hiickel (i.c.), the cis-form is changed 
to trans- by acid and alkaline reagents and by 
distillation at ordinary pressure, but English 
and Cavaglieri could not confirm these obser- 
vations. According to Hiickel, condensation of 
cis-a-decalone with oxalic ester and subsequent 
degradation back to the ketone gives trans-a- 
decalone; and attempts to make the oxime of 
the ci«-ketone only giVe fm7W-a-decalone oxime. 

ciB-a-Decolone has m.p. 2°, b.p. 126720 mm., 
1-008, n‘^ 1*49364; semicarbazone, 
m.p. 220-221° (docomp.), (Hiickel, l.c.). 

trans-a- DecaZowe has m.p. 33°, 0-986, 

1-48372 ; semicarbazone, m.p. 229- 
230° ; benzylidene derivative, m.p. 91°, 
oxime, m.p. 168° (Hiickel, l.c.), 

Methylation of 2-benzylidene-l-decalones gives 
the 9-methyl derivatives, whence are obtained 
d-metkyhcm-l-decalone {semicarbazone, m.p. 226- 
227°) and Q-methyl-ivsii\&-\-decalone {semicar- 
hazone, m.p. 21 9-220°), both liquids of camphor- 
like odour (Johnson, J. Amcr. (^hcra. Soc. 1943, 
65. 1317), 

j9-Decalones. — A technical jS-decaloiie from 
J. Riedel examined by WaUach and Weissen- 
bom (Annalen, 1924, &7, 161) was found to be 
a mixture of two products, and Hiickel {l.c.) 
found a technical product of unnamed origin to 
consist of 60% trans- and 40% ci^-decalone. 
The heats of combustion of the cis- and trans-fi- 
decalones are equal, 1,400*2 kg.-cal. per mol. 
(Roth and Lasse, ibid. 1925, 441, 48). 

ciB-p-Decalone has m.p. —14°, b.p. 247°/756 
mm., 1-0039, n^ 1-49180; semicar- 
bazone, m.p. 182-183° (decomp.) ; oxime, 
oil, b.p. 161-165716 mm. 

According to Cook and Lawrence (J.C.S. 1937, 
824), chlorination gives Z-chloro-ci8-2-decalone, 
m.p. 107-108° ; methylation of ci5-2-decaione 
takes place in the 3 -position, and condensation 
with ethyl oxalate and sodium chloride gives 
ethyl ci8-2-decalone-3-glyoxylate, b.p. 130°/0-7 
mm. 

tT&uB-p-Decalone has m.p. 6°, b.p. 241°/755 
mm., p^ 0-975, 1-48088; semicar- 

bazone, m.p. 192-193° (decomp.) ; oxime, 
m.p. 76°. 

Chlorination of <rans-j8-decalone gives Z-chloro- 
tTaniB-2-decatone, m.p. 92°, and a dichloro deriva- 
tive, m.p. 137°. The former is changed by hot 
sodium hydroxide into 3-hydroxy-tTaji8-2-deca- 
lone which exists in two forms, m.p. 84° and 134° 
(Lehmann and Kr&tschell, ^r. 1934, 67 [B], 
1867). 

The cyanohydrin of trans-P-decalone condenses 
with aromatic amines to give 2-cyano-2-aryl- 
amino-tT&nB-decalins, which exist in two forms 
(Desai, Hunter, and Hussain, J.C.S. 1936, 1675). 

When trans-P-decalone is heated with selenium 
at 260° a small yield of jS-naphthol is obtained 
(Ruzickii, Helv. Chim. Acta, 1936, 19 , 419); 
heated with selenium dioxide in boiling ethyl 
alcohol it is oxidised to 2:3-diketodecaUn, m.p. 
90-100°, giving a dioxime, m.p. 229° (GanapatM, 


J. Indian Chem. Soc. 1938, 15, 407). The dike- 
tone was reduced to the 3-hydroxy -2-decalone, 
m.p. 134°, and 2:3-dihydroxydecalin, m.p. 141°. 

Wallach and Weissenbom also obtained a 2:3- 
dikotodecalin by brominating mixed cis- and 
trans- p-deesdone and hydrolysing the product 
with alkali. This substance, m.p. 88-89°, has 
phenolic properties ; they called it a “ dios- 
phenol ” and gave it the structure of 2-hydroxy - 
3-lceto-A^-octalin. It formed a dioxime, m.p. 
196-197°. A small quantity of an isomeric 
diketone, m.p. 99-100° (c/. Ruzicka’s compound) 
was also isolated (Annalen, 1924, 437, 163). 

1:3- Diketo - ^m^w-deca hydronaphthalene 
was synthesised by Kon and Khuda (J.C.S. 
1926, 3071) and by Chuang and Tien (Ber. 1936, 
69 [B], 26) from 1-acetylcyc/o-J ^-hexene and 
! ethyl sodiomalonate. The latter authors give 
I m.p. 152-163° {2 -benzylidene derivative, m.p. 
229°). They noted that the fmas-isomer was 
formed when l:3-diketodecalin -4- carboxylic ester 
was boiled with 20% alcoholic potash, but by 
the action of a more dilute reagent at 15-20°, 
l:3-dikeio-cis-decalin, m.p. 124-125°, was formed. 

Two decalin-l:5-diones, m.p. 68-72° and 
164-167°, respectively, were obtained by 
Robinson and Hudson by oxidising (chromic- 
acetic acid) the decalin-l:5-diol obtained by 
catalytic reduction of l:5-dihydroxynaphthalene 
(J.C.S. 1942, 691). 

Homologues of Decalin. 

It would be beyond the scope of this article 
to give a full account of what is known of the 
homologues of decalin and its derivatives. 
Alkylnaphthalenes can be hydrogenated to 
alkyldecalins, but comparatively little has been 
done yet to isolate the stereoisomers. It may be 
noted that some sesquiterpenes are closely 
related to alkylated decalins (c/. Ruzicka ef at., 
Helv. Chim. Acta, 1931, 14, 1131, 1151; 
Annalen, 1927, 453, 62). In recent years use 
has been made of alkylated docalols and deca- 
lones for synthetic purposes ; for instance, 
numerous papers by R. Robinson and his col- 
laborators on the synthesis of substances related 
to the sterols may be found in the Journal of 
the Chemical Society. The following references 
are given as a guide to some of the literature ; 

l-Meihyl-decalols and -decalones, Robinson and 
Weygand, J.C.S. 1941, 388 ; English and 
Cavaglieri, J. Amer. Chem. Soc. 1943, 65, 1086. 
2-Methyldecalone, Cook and Lawrence, J.C.S. 
1937, 817 ; ^-Methyldecalones, Woodward, J. 
Amer. Chem. Soc. 1940, 62, 1211 ; Johnson, 
ibid. 1943, 65, 1317 ; Plentl and Bogert, J, Org. 
Chem. 1941, 6 , 669. 

The catalytic dehydrogenation of methyl- 
decalins has been studied by Linstead and 
collaborators. When a methyl group is present 
in the 9-position, no dehydrogenation occurs at 
200°, but at 300° the methyl group is either 
eliminated or migrates to the a-position, accord- 
ing to the catalyst used (J.C.S. 1937, 1146). 

1- and 2-Ethyldecalin8, b.p. 222° and 221°, 
respectively, have been obtained by hydro- 
genating the ethylnaphthalenes in the presence 
of nickel at 160° (L4vy, Compt. rend. 1931, 192 , 
1397 ; 198 , 174). 

I B. H. R. 



NAPHTHENIC ACIDS. 


439 


NAPHTHANIL {v. Vol. IV, 231a). 

NAPHTHAPHENANTHRIDINE AL- 
KALOIDS (v. Vol. II, 6296). 

NAPHTHAPHENAZINE (v. Vol. I, 566c). 

NAPHTHASTYRIL {v. Vol. I, 426a). 

••NAPHTH AZOLE (v. Vol. IV, 231a). 

NAPHTHENIC ACIDS. The term 
“ naphthenic acids ” is employed to denote 
those carboxylic acids which occur in petroleum, 
not including, however, the known mtty acids 
{e.g.i palmitic, stearic) which have been found 
in small quantities in certain crudes. Thus the 
terms “ naphthenic acids ” and “ petroleum 
acids ” are very nearly synonymous, the latter 
however including also all carboxylic acids 
found in petroleum. This distinction is how- 
ever largely academic, since, in commercial 
naphthenic acid mixtures, traces of fatty acids 
will be present, if they occur in the crude whence 
the naphthenic acid mixture is derived. 

Hitherto acids obtained from petroleum by 
artificial oxidation methods have not generally 
been included in the term “ naphthenic acids ” ; 
whether they should be is a moot question. 
The term “ poly naphthenic acids ” (or “ as- 
phaltogenic acids ”) has been used in this con- 
nection, but the structures of such products are 
as yet undetermined. 

Occurrence . — Naphthenic acids were first 
discovered, in 1874, in petroleum of Russian 
and of Roumanian origin, the name itself dating 
from 1883. Since then, investigation has shown 
that they are present, in lesser or greater amount, 
in practically all crudes. The content of naph- 
thenic acids may vary from below 0'1% to 
considerably over 2%. As a general rule the 
crudes of a paraffinic type have a lower content 
of acids them crudes belonging to the naphthenic 
and asphaltic groups. Thus, Pennsylvania 
crudes usually have naphthenic acid contents of 
about 0-03%, whilst certain crudes from Cali- 
fornia have been examined in which as much as 
3% is found. These acid contents correspond 
to approximate acidities of the crude oil of 
from 0-06 to 6-0 mg. KOH/g. 

Distribution in Crude Oil . — This is not uni- j 
form, and in practically all oils investigated the 
concentration of acids rises with boiling-point, 
to reach a maximum in the kerosene-spin^e oil | 
range (t.e., b.p. ca. 200-300®), thereafter falling 
again. Curves showing the distribution of 
naphthenic acids in various crudes with respect 
to the boiling-point of the fractions are given j 
by Schmitz (Bull. Assoc. fran 9 . Tech. P^trole, j 
1938, Nov., p. 93). There is considerable 
evidence that a certain amount of naphthenic 
acids is produced by the breakdown of oxy- 
genated bodies on the distillation of crude oil, 
although the extraction of naphthenic acids 
direct from crude oil has disposed of the earlier 
theory that the bulk, if not aU, of the naphthenic 
acids were thus formed. That some acids are 
nevertheless produced on distillation has been 
proved by investigations on crude oil that has 
been, experimentally, completely neutralised, 
and which, however, yields acid distillates. 

Becovery , — ^The recovery of n^hthenic acids, 
on a laboratory scale, is performed by the 
extraction of the crude oil, or petroleum fractions 
under investigation, with alcoholic potash, pre- 


ferably by boiling under reflux; the alcoholic 
solution is then diluted with water, and extracted 
with ether, in order to remove any hydrocarbon 
material dissolved in the alkali naphthenate 
solution. After removal of the ethereal extract, 
the solution is acidified with sulphuric acid, 
causing the separation of naphthenic acids, 
which are then extracted by light petroleum, 
freed from the latter by evaporation, and 
weighed. 

Identification of the extracted material may 
be carried out by the Charitschkov reaction 
(J. Russ. Phys. Chem. Soc. 1897, 29, 691), which 
consists in neutralising the material with caustic 
soda, adding copper sulphate solution, and 
extracting with benzene. If naphthenic acids 
are present, they form, under these conditions, 
a copper salt which is soluble in benzene, and 
which may be recognised by its intense green 
colour. This reaction forms the basis of a 
method for the determination of naphthenic 
acids in soda-neutralised oils (“ Standard 
Methods,” 7th ed., Institute of Petroleum, 
London, 1946, p. 258). It should be noted that 
a similar reaction may also be given by certain 
fatty acids. 

On an industrial scale, the acids are recovered 
either by the alkaline treatment of crude oil, 
or of its distillates, or else by distilling the 
reduced crude over alkali. 

The caustic soda extraction of crude oils is of 
limited applicability, since it is only possible 
in the case of relatively light crudes, which will 
separate easily from the aqueous layer without 
the formation of an emulsion (Velikovskii and 
Druzhina, Neft, Khoz. 1933, 26, 48; Biske, 
Refiner, 1937, 16, 72). For similar reasons the 
extraction of distillates is limited to those of 
relatively low viscosity, generally not exceeding 
that of spindle oil (approximately 60 centi- 
stokes, at 20°). More viscous oils may of 
course be washed, if it should prove economical, 
by heating so as to reduce their viscosity. A 
rich source of naphthenic acids are the alkaline 
residues which result from the normal refining 
treatment of various petroleum distillates, usually 
subsequent to refining by means of sulphuric 
acid. 

The product obtained by the alkali washing 
of crude oil, or of its fractions, is in effect an 
aqueous solution of sodium naphthenate, 
together with a certain amount of hydrocarbon 
material dissolved in the soap solution; this 
is removed by extraction with a light solvent 
after diluting the solution, and acidification of 
the separated aqueous layer liberates the 
naphthenic acids. Other methods of recovery 
include the salting out of the naphthenic soaps 
from aqueous solution with brine, or the use of 
sulphur dioxide for the neutralisation of the 
alkaline wash liquors. ' 

In the case of crudes, or reduced crud«e« 
distilled over caustic soda, the sodium naph- 
thenate formed is retained in the solid residue, 
and may be recovered therefrom by treatment 
with water or alcohol, and the further processing 
of the resultant solution as already described. 

Naphthenic acids recovered in this manner, 
particularly those obtained from crude, or from 
reduced crude, and not from distillates, contain, 
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in addition to the acids themselves, varying 
quantities of resinous and asphaltic bodies 
which have to be removed by further treatment. 
Furthermore there are also present phenols, 
which after naphthenic acids, form the principal 
oxygen-containing constituents of petroleum. 
Phenols are particularly evident in naphthenic 
acids recovered from the lighter cuts, such as 
kerosene and gas oil. In those cases where the 
alkaline residues from the refining of cracked 
products are processed, they may even form the 
main by-product. The separation of phenols 
from naphthenic acids is a matter of some 
difficulty ; normally, in the case of commercial 
acids — except in the relatively rare cases when 
these have been extracted from cracked materials 
— ^phenols are present in a small proportion of 
the total bulk and it is not usual to separate 
them. Separation methods which have been 
suggested are mainly based on the fact that 
extraction of a naphthenic acid-phenol mixture 
with sodium carbonate solution will dissolve 
the acids only, leaving the phenols to be taken 
up by subsequent treatment with caustic soda 
(c/. Campbell, ibid. 1936, 14, 381). Such a 
separation is, however, by no means complete, 
and in cases where a complete separation is 
required, as in the chemical investigation of 
naphthenic acid structure, it is necessary to 
eliminate phenols by laboratory methods, in- 
applicable on an industrial scale. 

Refining . — ^For some industrial purposes, the 
naphthenic acids are utiUsable in the condition 
in which they are recovered ; however, for the 
majority of applications, it is necessary to sub- 
ject them to some degree of refining, both in 
order to decrease their characteristic and dis- 
agreeable odour, and also to raise the acid 
content by the elimination of unsaponifiable 
matter. 

Whilst a slight degree of success is attained by 
the treatment of naphthenic acids in a manner 
analogous to that utilised for the refinement of 
petrofeum products, such as treatment with 
sulphuric acid and adsorbent earths, or by 
various oxidising agents, it is necessary for 
satisfactory refining to utilise distillation. 
Owing to their high boiling-points, distillation 
at atmospheric pressure cannot be accomplished 
without a considerable degree of decomposition, 
and either steam distillation or vacuum distil- 
lation is required. Final refining of the distillate 
can be effected either by a treatment with sul- 
phuric acid and earth, or with earth alone (Gold- 
berg and Kochoeva, Mask Zhir. Delo, 1935, 11, 
594k Various solvent refining methods have 
been proposed for naphthenic acids, but do not 
appear to have achieved commercial success. 

PhyaiccU and General Properties . — ^The acids 
obtained in this manner are oily liquids ; their 
colour varies from dark red to almost colourless, 
depending upon the degree of refinement to 
wmch they ^ve been subjected. The specific 
gravity of naphthenic acids, which in many cases 
decreases wi^ increasing molecular weight, can 
He within the range 0-93-1 -09, although the 
majority of commercial acids are within the 
narrower Hmite of 0-94-0-99. The product of 
apedfio gravity and refractive index has been 
proposed by Schutze cd. (Ind. Eng. Chem. 


[Anal.] 1940, 12, 262) as a guide to the classifi- 
cation of naphthenic acids. The boiling-points 
of the acids, at atmospheric pressure, are from 
about 216° upwards, although only the lower 
members can be distilled at atmospheric pressure 
without decomposition. The melting-points of 
the majority of acids are very low, in some cases 
below —80°, although solid acids, of a tertiary 
structure, have been isolated (Kennedy, Nature, 
1939, 144, 832 ; c/. Shive et al., J. Amer. Chem. 
Soc. 1940, 62, 2744 ; 1941, 63, 2979). 

Naphthenic acids have a pronounced and 
characteristic odour, which varies with their 
origin and degree of refining ; the odour is more 
marked in the lower members of the series. The 
acids are completely miscible with hydro- 
carbons; the lower members have a slight 
solubility in water ; they are soluble in sulphuric 
acid by which they are attacked but slightly. 
The acid values decrease with increasing mole- 
cular weight, the viscosities increase, and are of 
the same order, although higher, than of the 
petroleum fractions from which the acids are 
derived. 

Many grades of acids are commercially avail- 
able. Until fairly recently, the only acids on the 
market were those obtained from Russian and 
Roumanian crudes, being produced as a by- 
product of the refining of the kerosene- and 
spindle-oil cuts. For some years, however, acids 
from American crudes have taken an increasingly 
large share of the market, and these acids, in 
addition to being obtained from the lighter 
petroleum fractions, are also recovered from 
the heavier lubricating oil cuts, as well as from 
the original crudes or topped crudes. This 
change in the origin of naphthenic acids has 
meant that the importance previously attached 
to the acid value as a criterion of quality is now 
less, since, of course, with increasing molecular 
weight, the acid value will fall. Hence it is of 
more importance to know the content of the 
acids in unsaponifiable matter, since this factor 
represents the amount of inert non-reacting 
material, as far as the majority of the uses of 
naphthenic acids are concerned. It is now 
generally recognised that a high quality naph- 
thenic acid should have a content of un- 
saponifiable matter of below 10%. Acid values 
for commercial grades of naphthenic acids range 
from about 160-170 for acids derived from 
crudes and from lubricating oils, equivalent to a 
molecular weight of about 300, to about 260 or 
higher for acids from the lower boiling fractions 
of petroleum. Optical activity has been ob- 
served in naphthenic acids, but there is con- 
siderable evidence that this is due to impurities 
and not to the acids themselves. 

The acids are soluble in liquid sulphur dioxide 
and, in the refining of oils by the Edeleanu pro- 
cess, they tend to be concentrated in the extract 
phase. 

Chemical Constitution. 

For the purpose of the investigation of the 
structure of naphthenic acids, it is necessai^ to 
obtain them in a considerably purer condition 
than are the acids of commerce. This may be 
accomplished by careful vacuum distillation and 
further purification by chemical methods. These 
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latter may consist in the conversion of the acids 
to their methyl esters, which boil on the average 
at a temperature 60° lower than the acids them- 
selves, followed by redistillation of these esters 
and saponification for the recovery of the acids. 
Other methods include the preparation of the 
amides and oxalates of the acids, and also the 
resaponification of the commercial acids, fol- 
lowed by extraction of hydrocarbons by light 
solvents, sometimes under pressure, and libera- 
tion of the acids, with subsequent molecular 
distillation. 

Much of our knowledge of the structure of 
naphthenic acids is due to the work of von 
Braun (“ The Science of Petroleum,” London, 
1938, Vol. 2, p. 1007 ; He. Cong. Mond. Petr. 
1937, 2, 127). As a result of his investigations, 
and those of others, it may bo said that, broadly 
speaking, the acids up to about are aliphatic 
in character, those from Cg to about Cij mono- 
cyclic, and acids up to about Cgs bicyclic. The 
composition of the acids is represented by the 
following type formulse : 

Aliphatic acids, 

Monocyclic acids, C^Hg^-gOg. 

Bicyclic acids, C^Hg^-^Og. 

More highly condensed systems, up to 

have also been detected (Harkness and Bruun, 
Ind. Eng. Chem. 1940, 32, 499). Goheen (ibid., 
p. 603) h is also found evidence of the presence of 
more than two rings per molecule, and has pre 
pared naphthene hydrocarbons from naphthenic 
acids. In the majority of naphthenic acids so far 
examined, the ring structure is predominantly a 
cyclopentane ring with the carboxyl group at 
the end of an alkyl side-chain. The formula 
below represents a typical structure of medium 
molecular weight naphthenic acids, such as have 
been foimd in nearly all crudes, where v can be 
up to 6 or over. 

CMeg 

MeHC'^ ^CH, 

I I 

H,C CH[CH,VCO,H 

It is of interest to compare this structure with 
that of the naturally occurring chaulmoogric 
and hydnocarpic acids, which are also based on 
five-membered rings. The presence of acids 
with a six-membered ring is suggested by para- 
chor measurements on methyl esters oi naph- 
thenic acids from Russian crudes (Lapkin, J. 
Qen. Chem. Russ. 1939, 9 , 1332). 

, Acids containing a cyclohexane structiire have 
been isolated fi:om Californian petroleum (Ney 
et al., J. Amer. Chem. Soc. 1943, 66, 770), The 
Btability of naphthenic acids to reagents, and the 
absence of h^ogen absorption, indicate that 
unsaturation is absent. 

The acidic constituents from cracked distil- 
lates, in addition to being rich in phenols, as 
already mentioned, also contain straight chain 
acids in considerably greater quantity than is 
found in adds from crude oil or its firadions. 

Chemical Properties , — ^The naphthenic acids 
show the proposes that would be expected of 


them as monocarboxylic organic acids. They 
behave in a very similar manner to the fatty 
acids and, like them, form a series of metallic 
salts (soaps). Similarly to the fatty-acid soaps, 
the alkali soaps of the naphthenic acids are 
soluble in water and almost insoluble in hydro- 
carbons, whilst the soaps of other metals (except 
silver) are water-insoluble and oil-soluble. 

Naphthenic acids have a markedly acidic 
character, being more acidic than the higher 
fatty acids, and will displace weaker acids from 
their salts, even showing this tendency to a slight 
extent, at elevated temperature, in the case of 
the salts of strong acids such as chlorides. 

Many metals are attacked by naphthenic 
acids, and among the commoner metals the 
degree of attack is greatest in the case of lead 
and least (almost nil) in that of aluminium, with 
zinc, copper, and iron occupying intermediate 
positions in that order. 

The naphthenic acids, like the fatty acids, 
form amides, esters (including glycerides) and 
other derivatives. On reduction they yield the 
corresponding alcohols. 

Uses. 

The utilisation of naphthenic acids may be 
divided into that of the acids as such, and that 
of the acids in the form of their naphthenates, 
of which sodium naphthenate is the most fre- 
quently used. In certain cases a mixture of 
naphthenic acids and sodium naphthenate is 
supplied, since, unlike sodium naphthenate, such 
a mixture is liquid and pumpable, and, on 
receipt, it may be converted either entirely into 
the soap or into the free acid by the addition of 
the appropriate quantity of alkali or mineral 
acid (Shipp, Oil and Gas J. 1936, 84, No. 44, 
p. 66). Concentrated aqueous solutions of 
sodium naphthenate (up to 60%) are likewise 
fluid. 

One of the earliest uses of naphthenic acids 
was as an aid in petroleum refining for the pre- 
vention of emulsion formation. Naphthenic 
acids have also been used as a solvent for rubber, 
in rubber reclamation, and for admixture with 
tung oil to retard the gelatinisation of the latter. 
They also enter into the composition of various 
soluble oils (cutting oils) and greases. They 
have also been used as a diluent in refining 
operations for the identification of oil streams. 
Uses as wetting agents, and in ore flotation, as 
well as for mosquito control, have also been 
suggested. 

In the form of soaps, the sodium salt of 
naphthenic acid is that most frequently em- 
ployed, either for use as such or as the starting 
material for the pr^aration of other soaps. 
The sodium salt itself has been used for a con- 
siderable time as a cheap detergent; it is aJso 
employed as an emulsifier in the preparation of 
bituminous paints, particularly such as have 
been used in recent years for camouflage pur- 
poses. Sodiiun naphthenate is a constituent of 
various types of greases ; in solution it has some 
bactericidal activity (a 1% solution has a phenol 
coefficient of 3) and it has been used as a com- 
ponent of antiseptic soaps. 

Ammonium naphthenate in aqueous solution 
is a good solvent for hydrocarbons and this 
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property is made use of in the preparation of 
emulsions. Calcium naphthenate has a con- 
siderable solubility in fatty oils, and has been 
used to increase the viscosity of the latter ; it 
can also act as an oxidation catalyst for mineral 
oils, e.g., in the oxidation of hydrocarbons for 
the formation of synthetic fatty acids. It may 
be noted that the calcium soaps of the lower 
acids have but slight solubility in oils. 
Aluminium naphthenate forms a very consistent 
mass ; it is used as a thickener for mineral oils, 
as a constituent of greases, and also in the pro- 
duction of extreme pressure lubricants ; for the 
latter purposes, however, lead naphthenate is 
more widely employed. Aluminium naph- 
thenate is also used for the waterproofing of 
fabrics. The naphthenates of lead, cobalt, and 
mangamse have acquired wide use as driers 
(“ Soligen ”) in paint manufacture (Greenfield, 
Paint Manuf. 1935, 6, 164 ; Curwen, ibid. 1936, 
6 , 38) ; they are stated to be considerably 
superior in this respect to the fatty acid salts of 
these metals, being more soluble and stable than 
the oleates and linoleates. It is in the manu- 
facture of driers that a large proportion of the 
naphthenic acid output finds utilisation. The 
cobalt salt is the basis for a sensitive test for 
hydrogen peroxide, which, it is stated, is not 
given by ozone (Charitschkov, Chem.-Ztg. 1910, 
84 , 50, 479). Copper naphthenate is used as a 
wood preservative and for the impregnation of 
sandbags and other textiles, to prevent rotting 
(c/. Marsh et al., Ind. Eng. Chem. 1944, 86 , 176). 
Zinc naphthenate is likewise used for the pro- 
tection of fabrics, whilst cerium naphthenate is 
stated to be a good waterproofing agent. The 
use of naphthenates for the preservation of 
cellulose, and of textiles generally, has been 
discussed by Carter (Chem. Age, 1944, 61, 617). 
Tin naphthenate has been suggested as an 
oxidation inhibitor for mineral oils. Naph- 
thenates of bismuth and lithium have been em- 
ployed for medicinal purposes, as have the 
ureides. 

The addition of metallic naphthenates (in 
quantities of from 0*6% upwards) to fuel oils 
has the effect of markedly diminishing the soot 
produced. Some metallic naphthenates are 
employed as wetting agents for the dispersion 
of pigments in printing-ink manufacture, and 
various naphthenates, as well as the acids them- 
selves, are used as components of insecticidal 
and fungicidal sprays. The fungicidal action of 
naphthenic acids has been examined by Marsh 
{lx.). 

Generally speaking it may be said that the 
naphthenates form a convenient method of 
obtaining a metal radical in an oil-soluble form. 

The preparation of heavy metal naphthenates 
may be accomplished by several methods of 
which the following are the principal : 

(i) By the double decomposition of sodium 

naphthenate and a salt of the metal, 
whereby the metallic naphthenate is 
precipitated. 

(ii) By the interaction of the metallic oxide 

with naphthenic add; this may con- 
veniently be carried out in a medium 
wherein the resultant naphthenate is 
soluble. 


The discoloration of naphthenates, sometimes 
observed on storage, may be diminished by the 
use of inhibitors. 

Salts of naphthenic acids with organic amines 
have found application as emulsifying and 
wetting agents. The use of naphthenic acid 
derivatives in synthetic resin manufacture has 
been proposed. 

Naphthenic alcohols, prepared by the catalytic 
hydrogenation of the acids, have been employed 
as wetting agents, and as detergents, for which 
purposes esters and other derivatives of naph- 
thenic acids have also found some application. 

Analysis. 

The qualitative detection of naphthenic acids 
by means of the copper salt has already been 
mentioned. 

Like the fatty acids, naphthenic acids may 
be titrated in alcoholic solution, employing 
phenolphthalein as indicator. 

For the determination of the naphthenic acid 
content of samples of commercial acid, con- 
taining appreciable quantities of unsaponifiable 
matter, a modification of the Honig and Spitz 
(Z. angew. Chem. 1891, 4 566; J.C.S. 1893, 
64, ii, 102) method is employed. This consists 
in refluxing about 10 g. of the material for 
i hour with 60 ml. of N.alcoholic KOH ; 
60 ml. of water are then added, and the mixture 
extracted throe times with 40 ml. each time of 
light petroleum (b.p. 60-80®). The petroleum 
solution, containing the imsaponifiable matter, 
is then evaporated on the water-bath and the 
residue weighed. 

The residual alkaline soap solution is 
evaporated to remove the alcohol, and acidified 
to Methyl Orange with sulphuric acid. The 
liberated naphthenic acids are then extracted 
with light petroleum, and the extracts washed 
with saturated sodium sulphate solution until 
free from mineral acid, and then with a small 
quantity of distilled water to remove all the 
sodium sulphate. The solvent is finally removed 
by evaporation and the acids weighed. A cross- 
check, indicating the extent of the unavoidable 
loss of volatile unsaponifiable constituents, is 
afforded by the ratio of the acid values of the 
original mixture and of the pure acids. 

A similar method, varying slightly from the 
above, is described by Klotz and Littmann (Ind. 
Eng. Chem. [Anal.], 1940, 12, 76). 

The determination of naphthenic acids in the 
presence of mineral oil and of petroleum sul- 
phonic acids, is a matter of some importance, 
and has been the subject of work by Pilat and 
Sereda (Fettchem. Umschau. 1934, 41 , 171). 
The basis of their method is the removal of 
hydrocarbons by ethyl ether, and the subse- 
quent differentiation between naphthenic and 
sulphonic acids by the fact that the sulphonio 
acids, being the stronger, react with sodium 
chloride, whilst the naphthenic acids do not. 
The determination of naphthenic acids in heavy 
petroleum residues has been described by 
Schaefer (Fette u. Seifen, 1937, 44 , 146), 

SULPHO-NAPHTHENIO AciDS. 

The term ** sulpho-naphthenio acids " is one 
which is frequenuy misused. It denotes zui^ph- 
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thenic acids which, by the action of sulphuric 
acid or of oleum, have had a sulphonic group 
introduced into the molecule. In practice the 
term is often misapplied to refer to other sul- 
phonic acids, i.e.y acids obtained as a by-product 
during the refining of petroleum fractions by 
sulphuric acid or oleum by the sulphonation of 
the more easily attackable hydrocarbons, and 
which are substances quite distinct from 
naphthenic acids. 

Genuine sulpho -naphthenic acids can be pro- 
duced by the treatment of naphthenic acids 
with oleum, despite the fact that naphthenic 
acids are fairly resistant to such treatment. 
Investigations by Kisielewicz et al. (lie. Cong. 
Mond. Petr. 1937, 2, 435) showed that on the 
mixing of naphthenic acids with 100% (by 
volume) of oleum (10% free SO3) not more than 
60% of the naphthenic acids were sulphonated, 
and at that, only in the case of acids of higher 
molecular weight, whicih were the more easily 
attacked. It thus appears that sulpho-naph- 
thenic acids will occur in refining operations 
only as a result of the treatment of highly acidic 
petroleum distillates with oleum, when they will 
be admixed with other sulphonic acids, and it is 
therefore extremely unlikely that the majority 
of the commercial products which have been 
described as sulpho -naphthenic acids are in fact 
truly sulphonated naphthenic acids. Unless 
these latter are meant it would be preferable to 
employ the term “ petroleum sulphonic acids ” 
(to distinguish them from sulphonated fatty 
acids) in respect of petroleum refining by- 
products, and to restrict the term “ sulpho- 
naphthenic acids ” to genuine sulphonated 
naphthenic acids. The term “ naphthene-sul- 
phonic acids,” which is also sometimes met with 
for petroleum sulphonic acids, whilst admittedly 
less open to objection than “ sulpho -naphthenic 
acids ” is not free from ambiguity, and also has 
the disadvantage that it tends to pre-suppose a 
naphthene structure for these compounds, which 
is not necessarily always the case. 

Sulphonated naphthenic acids have been pro- 
duced for various purposes, amongst which may 
be mentioned use as wetting agents and as sub- 
stitutes for Turkey-red oil. 

Literature. — In addition to the references 
quoted, the following should be consulted for 
a more detailed discussion of the subject : 

C. Ellis, “ The Chemistry of Petroleum Derivatives,” 
New York, 1934, p. 1062 ; ibid. Vol. II, New York, 
1937, p. 1103. 

M. Naphtall, ” Chemle, Technologic und Analyse der 
Naphthensauron,” Stuttgart, 1927, and the 
supplementary volume ” Naplithensauren und 
Naphthensulfosauren,” Stuttgart, 1934. 

L. Gurwitsch and H. Moore, ” The Scientific Principles 
of Petroleum Technology,” London, 1932, p. 120. 
£. B. Littmann and J. B. M. Klotz, Chem. Reviews, 
1942, 30 , 97 (Principally a review of patents). 

A. N. Saohanen, “The Chemical Constituents of 
Petroleum,” New York, 1945, p. 315. 

V. B. 

N APHTH ITE (v. Vol. IV, 476a). 
NAPOLEON ITE (v. Vol. IV, 8b). 
NARCEINE {v. Opium). 

NARCI8SINE (v. Vol. VII, 428c). 
NARCOTINE (v. Opium). 
NARCOTOLINE (v. Opium). 

N ARCYLEN {». Vol. I, 796 ; 367<J). 


NARINGIN is a glycoside obtained from 
the flowers and fruit of Citrus deewnana Murr. 
(grapefruit) (WiU, Bor. 1886, 18, 1311 ; 1887, 
20, 294, 1186). It is the bitter principle of 
grapefruit, is sparingly soluble in water and is 
strongly Isevorotatory, [a]},® --82‘1° in alcohol. 

Naringiii, Co7H320i4,2H20, m.p. 171°, is 
hydrolysed by boiling dilute sulphuric acid and 
yields d-glucose, Lrhamnoso, and naringenirif 
or 6:7:4'-trihydroxyfia vanone : 



(ZoUer, Ind. Eng. Chom. 1918, 10, 371 ; Asahina 
and Inubuse, Ber. 1928, 61 [B], 1514 ; J. Pharm. 
Soc. .lapan, 1929, 49, 128). Naringin is not 
hydrolysed by emulsin, but by the a(^tion of an 
enzyme, apparently an a-glucosidase, present in 
celery seed, it yields naringenin and a disac- 
charide (Hall, Chem. and Ind. 1938, 473). The 
glucorhamnose residue is attached to position 
7 of the aglucone naringenin (Asahina and 
Inubuse, l.c. ; Rangaswami, Seshadri, and 
Veeraraghaviah, Proc. Indian Acad. Sci. 1939, 
9, A, 328). 

The synthesis of naringenin was effected by 
condensing phloroglucinol with the chloride of 
p-carbethoxycinnamic acid (Rosenmund and 
Rosenmund, Ber. 1928, 61 [B], 2608; Shinoda 
and Sato, J. Pharm. Soc. Japan, 1928, 48, 
No. 660, 117). Naringenin is reduced by 
hydrogen in the presence of palladium to 
phloretin (jS-p-hydroxyphenylpropionylphloro- 
glucinol) (Franck, Chem. Zentr. 1914, II, 263; 
Rosenmund and Rosenmund, l.c.). 

From the bark of the peach, Shinoda and Uyeda 
(J. Pharm. Soc. Japan, 1929, 49, 97) isolated a 
compound apparently identical wdth naringenin. 

E. J. C. 

NARRAWOOD {Pterocarpus spp.)^ a well- 
known Philippine wood, is classified with 
Sanderswood {Pterocarpus santalinus Linn.), 
Barwood {Baphia nitida Lodd) and Camwood 
(variety of Baphia nitida) under the name “in- 
soluble red ” woods, so called on account of the 
sparing solubility in water of the resinous 
colouring matters which they contain and to 
distinguish them from the “ soluble red ” woods 
of the type of logwood. 

By extracting narrawood with alcohol, the 
colouring matter, narriVy is obtained as a dark 
red amorphous powder decomposing at 180°, 
readily soluble in alcohol, insoluble in chloro- 
form (Brooks, Philippine J. Sci. 1910, 6, A, 
448). Narrin forms a copper salt of composition 
(^ 15 ^ 19 ^ 5 ) 2 ^^ and on fusion with alkali gives 
phloroglucinol and resorcinol. By slow oxida- 
tion with permanganate vanillin is produced, 
and when ^stiUed with zinc dust narrin yields 
a small amount of resorcinol dimethyl ether. 
According to Brooks, narrin is ilot identical 
with the santalin of sanderswood. 

The dyeing properties of narrin are similar to 
those of santalin, but the shades produced are 
not very fast to soap. 
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The “ insoluble red ” woods invariably con- 
tain the colourless constituents pterocarpin, 
Ci8Hii04(0Me), m.p. 164-5°, and homo- 
pterocarpiiiy Ci5Hio02(OMe)2, m.p. 87°, of 
which the latter is the more abundant. Homo- 
pterocarpin, which is devoid of hydroxyl or 
carboxyl groups, is converted by catalytic re- 
duction into i-dihydrohomopterocarpin contain- 
ing a phenolic group, and this on oxidation gives 
rise to 7-methoxychroman-3-carboxylic acid. 
Homopterocarpin is considered to be 4:2'- 
oxido-7:4'-dimethoxyi5oflavan (I) and Z-dihydro- 
homopterocarpin 2'-hydroxy-7:4'-dimethoxyi«o- 
flavan. To pterocarpin, formula (II) is ascribed 



(Dieterle and Leonhardt, Arch. Pharm. 1929, 
267, 81 ; Leonhardt et al., ibid. 1936, 278, 53, 
447 ; Raudnitz and Perlmann, Ber. 1936, 68 [B], 
1862 ; McGookin, Robertson, and Whalley, 
J.C.S. 1940, 787 ; Sp&th and Schlftger, Ber. 
1940, 73 [B], 1). 

E. J. C. 

NAS UN I N, the colouring matter of the egg- 
plant {Solanum melogena L. var. erculentum 
Ness), is considered to be a p-hydroxycinnamoyl 
derivative of a delphinidin-3- bioside, the acyl 
group being attached to the biose residue. It is 
thus closely related structurally to violanin 
(Kuroda and Wada, Bull. Chem. Soc. Japan, 
1936, 11, 272), 

Cl 



laHjoO^.O.CO.CH rCH.CgH^.OH 

W. B. 

NATROJAROSITE {v. Vol. VII, 81a). 

NATROLITE. One of the commonest 
members of the zeolite family of hydrous silicate 
minerals. Its composition is 

and it crystallises in the monoclinic system, 
though with very close approximation to ortho- 
rhombic symmetry. Crystals are sometimes 
slender prismatic and almost square in cross- 
section, but are usually acioular to fibrous, 
whence the colloquial name “needle zeolite. “ 


The mineral has perfect prismatic cleavage, a 
hardness of about 6, and p 2-25. It is generally 
colourless or white, but may be tinted yellow to 
red, and has a vitreous lustre. Like the 
“ artificial zeolites ” used in water-softening, 
natrolite has high base-exchange capacity and 
electrical conductivity. The natural mineral 
is typically found as radiating acicular groups 
in the steam -cavities of basalts. 

Jlef(^re7ice. — M. H. Hey, Min. Mag. 1932, 23, 243. 

D. W. 

NATRON. A mineralogical term (from the 
ancient virpov, soda) for the hydrated sodium 
carbonate, NagCOgjIOHgO, crystallising in the 
monoclinic system. Since this hydrate crystal- 
lises only at temperatures below 20°, it is only 
under exceptional conditions that it is likely to 
be found in the natron or soda lakes of desert 
regions ; and if formed it would soon effloresce 
into the monohydrate, Na2C03,H20, known as 
thermonatrite. According to Dana it exists 
only in solution. The native soda met with in 
the regions of natron lakes consists for the most 
part of the salt Na2C03,NaHC03,2H20 
known as trona, together with thenardite 
(Na 2 S 04 ) and halite (NaCI). 

L. J. S. 

NATURAL COUMARINS. The natural 
coumarins are lactones derived from the 
naturally occurring parent substance coumarin 
(I) {v. Vol. Ill, p. 412a) which has been found in 
75 different botanical species. Many of its 
simple derivatives are present in plants as 
glucosides whilst others, together with the more 
complex coumarins, have only been extracted 
in the free state, although it has been suggested 
that many of them may also be combined with 
glucose. Hitherto no coumarin glycosides have 
been detected. 

The natural coumarins fall into three main 
classes : 

I. The simple coumarins derived from 
coumarin : 


CH 



O 


II. The furanocoumarins. 

(a) Derivatives of psoralene, 2':3':7:6-furano- 
coumarin : 



{b) Derivatives of angelicin, 2':3':7:8-furano- 
coumarin : 
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ni. The pyrenoooumarins or chromeno-a- 
pyrones ; 

(a) Derivatives of xanthyletin, 6':6'-dimethyl- 
2':3':7:6-pyrenocoumarin : 



O O 


(6) Derivatives of 6':6'-dimethyl-2':3':5:6- 
pyrenocoumarin : 



(c) Derivatives of seaelin, 6':6''dimethyl- 
2':3':7:8-pyreiiocoumarin : 



(see Spath, Ber. 1937, 70 [A], 83. In addition 
to reviewing the field, with references, this 
paper gives many botanical sources of the 
natural coumarins). A few additional plant 
species have been included here and the official 
names have been checked with Index Kewensis. 

In those cases where the official name of a 
botanical species differs from that which has 
been used to designate the natural coumarin the 
synonym of the plant has been included in 
brackets after the Index Kewensis title, 

I. The Simple Coumajeiins. 

Degradation. 

The glucosides are hydrolysed by dilute 
mineral acids to yield glucose and the aglucones. 

The coumarins, on catalytic hydrogenation, 
furnish 3:4-dihydrocoumarin8 which are oxi- 
disable to succinic acid by the disruption of the 
a-pyrone ring. Methylation of coumarins by 
means of dimethyl sulphate and alkali also opens 
the lactone ring with the production of o- 
methoxycinnamic acids which, on oxidation, are 
converted into o-methoxybenzoic acids. The 
hydroxy-coumarins must first be methylated 
vdth diazomethane before carrying out this 
reaction. 

Alkali fusion of coumarins gives rise to phenols. 

Unsaturated side chains are detected by oxida- 
tion of the hydrogenated coumarins, when fatty 
acids are obtain^. An alternative method is 
the isolation of aldehydes or ketones by ozoni- 
sation. 

Fission of the coumarin ethers is brought 
about by means of acetic acid containing a trace 
of sulphuric acid, when an alcohol and a phenol 
are tlm products. 


Sf/nthesis. 

Qlucosides . — The glucosides have been syn- 
thesised by the action of O-tetra-acetylglucosidyl 
bromide on the phenols in the presence of silver 
oxide and quinohne. 

Coumarina. — 1 . Perkin’s method : 

MeOi^^^CHO 

+ Ac,0 

HOl JOH 



CH(OAc)a 

OH 


NaOAc- 


CH:CHCOONa 

OH 


Acid. 



Scopoleiin. 

2. Von Pechmann’s method : 



O 


Coumarin. 


3. Ester method ; 


OMe 



CHj{CN)COOEt 
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Acetoacetic ester or malonic ester may also be 
used {see Chakravarti, Proc. Nat. Acad. Sci. 
India, 1939, 5, 236 ; Shah, ibid.^ p. 243. These 
two papers give a general account of the 
synthetical methods employed in coumarin 
formation, and the first contains a bibliography). 

Aculeatin, CigHjgOg, 5:7-dimethoxy-6- 

coumarin (the positions of substituents in the 
benzene ring are not stated, but cf. Toddalo- 
lactone). Found in Toddalia aculeata Pers., 
m.p. 113°, [af^ +16-8° in EtOH {see Dutta, 
J. Indian Chem. Soc. 1942, 19, 426). 

Aculeatin Hydrate v. Toddalolactone. 

>C8Culetin, cichorigenin, esculetin, 6:7-di- 
hydroxycoumarin, occurs as the 6-glucoside, 
sesculin, m.p. 205° decomp. ; 

[a]p —146° in MeOH ; methyl ether, m.p. 226°; 
penta-acetyl deriv., m.p. 130°. It is also found 
as the 7-gluco8ide, cichoriin, 

in Gichorium intybua Linn., m.p. 216° ; methyl 
ether, m.p. 218°; penta-acetyl deriv., m.p. 217- 
218°. Both glucosides jdeld the same aglucone, 
aesculetin, on acid hydrolysis and this sub- 
stance also occurs in jEscuIus pavia Linn, and 
various Fraxinus species. .Esculetin, 


m.p. 276°, soluble in hot water with blue 
fluorescence ; G-methyl ether v. Scopoletin ; 7- 
methyl ether, m.p. 186° {acetyl deriv., m.p. 164- 
166°). Dimethyl ether, m.p. 146° ; diacetyl 
deriv., m.p. 133-134° {see Head and Robertson, 
J.C.S. 1939, 1266; 1930, 2434; Macbeth, ibid. 
1931, 1288 ; Seka and KaUir, Ber. 1931, 64 [Bj, 
622 ; Merz, Arch. Pharm. 1932, 270, 476). 

>Esculin V. JEsculetin. 

Am mores'! nol, C24H30O4, 4:7-diliydroxy-3- 
MegC ; CH{[CHa]2 • CMe : CHjja • CH 2* couma- 
rin, m.p. 109° ; diacetyl deriv., m.p. 102- 
103°; dibenzoyl deriv., m.p, 75° (^ee Raudnitz 
et al., Ber. 1936, 69 [B], 1966 ; Spath and 
Zajic, ibid., p. 2448). 

Aurapten, C15H13O4, 7-methoxy-8- 

-CHo- 

coumarin, a fish poison extracted from orange 
peel, m.p. 98“, [a]“ -33-4‘’ in EtOH. Boiling 
20% HjSOi gives ieoaurapten, m.p, 66° {see 
Bohme and Schneider, ibid. 1939, 72 [B], 780). 

Ayapanin v. Herniarin. 

Ayapin, C1OH0O4, 6:7-methylenedioxycou- 
marin, m.p. 231-232° in vac. {see Spath et al., 
ibid. 1937, 70 [B], 702 ; Bose and Ghosh, 
Current Sci. 1936, 6, 295). 

Chrysatropic Acid v. Scopoletin. 

Cichorigenin v. JSscvleiin. 

Cichoriin v. MscuUtin. 

CItropten, C11H10O4, Umettin, 5;7-dimeth- 
oxycoumarin. Occurs in essential oil of limes, 
other Citrus species and Zanthoxylum setosum 
Hemsl., m.p. 147-6°, soluble EtOH,CaHj, with 
violet fluorescence {see Heyes and Robertson, 
J.C.S. 1936, 1831 ; Nakazawa, J. Pharm. Soc. 
Japan, 1936, 55, 788). 


Daphnetin, 7:8-dihydroxyooumarin. Occurs 
as the 7-glucoside, daphnin, Ci 6 Hi, 0„2H,0. 
m.p. 228-229°, [o]“ -114-66° in MeOH. 
The aqueous solution has a bitter taste. It is 
also present in Arthrosolen polycephalus C. H. 
Mey, as a glucoside, (position of 

glucose residue not determined), m.p. 197-198°. 
Both glucosides, on acid hydrolysis, yield 
daphnetin, C9Hg04, pale yellow needles, m.p. 
266°; dimethyl ether, m.p. 119-121°; diacetyl 
deriv., m.p. 137° (^ee Hattore, ibid. 1930, 50, 
539; Gardini, Gazzetta, 1940, 70, 611). 
Daphnetin Glucoside v. Daphnetin. 
Daphnin v. Daphnetin. 

Esculetin v. Msculetin. 

Fabiatrin v. Scopoletin. 

Fraxetin, 7:8 - dihydroxy - 6 - methoxycou- 
marin. Present in the ash and in Msculus 
turbinata Blume, as the S-glucoside, fraxin, 
yellow needles, m.p. 206°. 
Alkaline solution has a blue-green fluorescence. 
Acid hydrolysis yields fraxetin, CjoHgOg, 
yellow plates, m.p. 237°; 1 -methyl ether v. 

Fraxidin ; S-methyl ether v. isofraxidin ; di- 
methyl ether, m.p. 103-104° {see Simada, J. 
Pharm. Soc. Japan, 1937, 67, 618; Spath and 
Dobrowolny, Bor. 1938, 71 [B], 1825 ; Wessely 
and Demraer, ibid. 1929, 62 [B], 120). 

Fraxidin, fraxetin, 1-methyl ether, 

8-hydroxy-6:7-dimethoxy coumarin, m.p. 196- 
197° {see Spath and Sienkiewiezowa ibid. 

1937, 70 [B], 1672). 

Fraxin v. Fraxetin. 

Fraxinol, CnHioOg, 6-hydroxy-5:7-dimoth- 
oxycoumarin, m.p. 172-173°; methyl ether, m.p. 
76-77°; acetyl deriv., m.p. 140-14i° {see Spftth 
and Sienkiewiezowa, ibid. 1937, 70 [B], 698). 
Gelseminic Acid v. Scopoletin. 

Herniarin, CigHgOg, ayapanin, 7-methoxy- 
coumarin, umbeUiferone methyl ether. Occurs 
in the leaves of Herniaria hirsuta Linn, and in 
Eupatorium triplinerve Vahl. {E. ayapana 
Vent.), m.p. 118-119°, soluble in cone. H2SO4 
with blue fluorescence; oxime, m.p. 138°; 
phenylhydrazone, m.p. 115° {see Bose and Roy, 
J. Indian Chem. Soc. 1936, 13, 680 ; Dey et al., 
ibid. 1935, 12, 140). 

Hydrocoumarin, CgHgOg, melilotic lactone, 
melilotin, melilotol, 3:4-dihydrocoumarin. Pre- 
sent in Melilotus officinalis Lam., m.p. 26°, 
b.p. 272° {see Palfray, J. Amer. Chem. Soc. 1941, 
68, 3641). 

/soFraxidIn, CnHigOg, fraxetin, 8-w 
ether, 7 -hydroxy-6: 8-dimethoxycoumarin, 
148-149° {see Spath and Dobrowolny, 

1938, 71 [B], 1831). 

Limettin v. Citroplen. 

Melilotic Lactone v. Hyd/rocourmrin. 
Melilotin v. Hydrocoumarin. 

Melilotol V. Hydrocoumarin. 

Osthenol, Ci4Hi408, 7-hydroxy- 8-yy-di- 
methylallylcoumarin, m.p. 124-125°. Shows a 
green-blue fluorescence in alkali. For methyl 
ether v. Osthol {see Spath and Bruck, ibid. 1937, 
70 [B], 1023). 

Osthol, CigHjgOj, osthenol methyl ether, 7- 
methoxy-S-yy-dimethylallylcoumarin. Occurs 
in Peucedanum ostruihium Koch., m.p. 86°, b.p. 
145-160° {see Haller and Acree, J. Amer. Chem. 


m.p. 

Ber. 
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Soc. 1934, 66, 1389; Spftth and Bruck, Ber. 
1937, 70 [B], 1023; Butenandt and Marten, 
Annalen, 1932, 496, 187). 

Ostruthin, CjjHggOg, 7 - hydroxy - 6 - 
MCjC : CH*[CH2]2‘ CMe: CH -CHg - coumarin, 
m.p. 119'’; methyl ether f m.p. 55°; acetyl deriv., 
m.p. 80° {see Spfi-th and Klager, Ber. 1934, 
67 [B], 859). 

Scopoletin, chrysatropic acidy gelseminic 
acidy sesculetin i)-methyl ether, 7-hydroxy-6- 
methoxycoumarin. Occurs in Scopolia carniolim 
Jacq. and in Murray a exotica Linn, as the 
glucoside, scopolin, CigHjgOg, m.p. 218°; 
soluble in H gS O4 with blue fluorcs(!encc. A second 
scopoletin glucoside, fahiatriny has been ex- 
tracted from Fabiana imbrimta Ruiz, and Pav., 
CigHjg09,2H20, m.p. 226-227°. Evidence as 
to the identity, or otherwise, of scopolin and 
fabiatrin is lacking except that, on acid 
hydrolysis, both compounds yield glucose and 
scopoletin, which is also f urid free in 

Prujius aerotina Ehi h., ithas m.p. 205°, is soluble 
in hot EtOH with blue fluorescence; methyl 
ether, m.jj. 145°; acetyl deriv., m.p. 177° {see 
Glaser, Arch. Pharrn. 1928, 260, 573; Seka and 
Hallir, Ber. 1931, 64 [B], 909 ; Hoad and Robert- 
son, J.C.S. 1931, 1241). 

Scopolin V. Scopoletin. 

Skimmetin v. Umbelliferone. 

Ski mm in v. Umbelliferone. 

Toddalo lactone, CigHg^Og, aculeatm hy- 
drate, 6:7-dimethoxy-6- 

Me2C(OH)CH(OH)CH2- 

coumarin, m.p. 132° (150°), [a]Jf -{-50*9° in 
CHCI3. Obtained from aculeatin by digestion 
with cQl. H2SO4 at 100°; diacetyl deriv., m.p. 
127° {see Spath, Dcy, and Tyray, Ber. 1939, 
72 [B], 53; Dutta, j. Indian Chem. Soc. 1942 
19, 425). 

Umbelliferone, skimmetin, 7-hydroxycou- 
marin, present in Skimmia japonica Thunb. as 
a glucoside skimmin, Ci5Hig0g,H20, m.p. 219- 
221°, soluble in EtOH with green fluorescence; 
teira-acetyl deriv., m.p. 183-184° in vac. ; acid 
hydrolysis yields umbelliferone, CgHgOg, m.p. 
223-224° (with sublimation), soluble in cone. 
H2SO4 with blue fluorescence; methyl ether v. 
Herniarin ; acetyl deriv., m.p. 140° {see Bdhme, 
Ber. 1939, 72 [B], 2130; Sphth and Neufeld, 
Rec. trav. chim. 1938, 67, 535). 

Umbelliprenin, C24H30O8, 

7-Me2C:[CH[CH2]aCMe]2:CHCH20- 

coumarin, m.p. 61-63°, occurs in Angelica 
archangelica Linn, {see Spfi-th and Vierhapper, 
Bor. 1938, 71 [B], 1667). 

Methylene - bis • 4: - hydroxy - 3 - coumarinyl, 


OH OH 



a haemorrhagic agent, occurs in spoiled sweet- 
clove hay. It has m.p. 288-289®, gives a red 
colour with FeClg in cyclohexanone ; dimethyl 


ether, m.p. 168-170°; diacetyl deriv., m.p. 260- 
262° decomp, {see Stahmann, Huebner, and Link, 
J. Biol. Chem. 1941, 186, 513). 


II. Fubanoooumaeins. 


The furanocoumarins are fish poisons and 
insecticides and are chiefly to be found in plants 
of the botanical families Rutaceae and Umbell- 
liferae. 


Degradation. 

Oxidation of both types of furanocoumarins 
yields furan-2:3-dicarboxylic acid. Compounds 
of type II (a) {see p. 444d) after methylation also 
give, on oxidation, 4-hydroxy-6-methoxyi50- 
phthalic acid : 


HOOC 

HO 


COOH 

OMe 


whilst angular compounds of type II (6) on 
oxidation yield 4-hydroxy-2-methoxyi5ophthalic 
acid ; 


HOI 


\|COOH 

L JoMe 

COOH 


Synthesis. 

The synthesis of the furanocoumarins has been 
achieved : 

1. From coumarones by completing the a- 
pyrone ring : 



CHgCOOH 

CHgCOOH 



Psoralene. 


2. From coumarins by completing the furan 
ring: 

(a) 


OMe 
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II (a) Derivatives of Psoralene. 

Bergamottin, C21H22O4, bergaptin, bergaptol 
geranyl ether , 

6-Me2C:CH[CH2]2CMe:CHCH20- 

psoraleno, m.p. 59-61°. Present in essential oil 
of bergamot. Heated in high vacuum yields 
bergaptol {see Spath and Kainrath, Ber. 1937, 
70 [B], 2272). 

Bergapten, CuHgOi, haracliriy bergaptol 
'inethyl ether, S-methoxypsoralene. Occurs in 
essential oil of bergamot, in Ruta graveolens 
Lima, and in Seaeli indicum Wight and Arn., 
m.p. 191° {see HoweU and Robertson, J.C.S. 
1937, 293 ; Spath et al., Ber. 1937, 70 [B], 478). 

Bergaptin v, Berga'moUin. 

Bergaptol, CnHgO^, 5-hydroxypsoralene. 
Occurs in essential oS of bergamot, m.p. 282°. 
Methyl ether v. bergapten. Oeranyl ether v. 
bergamottin {see Spath and Kainrath, ibid. 1937, 
70 [B], 2272). 

Byakangellcin, Ci7Hi807,H20, 5-(or 8)- 
methoxy-8(or 5)-Me2C(OH)CH(OH) CHg O- 
psoralene. — Extracted from the root of Angelica 
glcibra Makino. Used as the drug “ byakusi.” 
Pale yellow crystals, m.p. 125-126°, [aj^ 
4-24*62° in pyridine. Diacetyl deriv., m.p. 
118-119° {see Noguchi, Fugita, and Kawanami, 
ibid. 1938, 71 [B], 344). 

Byakangelicol, 6-methoxy-8- 

MegC— CH— CH.— O- 

V 

psoralene. Occurs in the root of Angelica 
glabra Makino, m.p. 106°, [aj^ +34*77° in 
pyridine {see Noguchi, Fujita, and Kawanami, 
ibid. 1938, 71 [B], 344 ; Noguti and Kawanami, 
J. Pharm. Soc. Japan, 1939, 59, 756). 

Fiscusin v. Psoralene. 

Heraclln v. Bergapten. 

Imperatorin, Ci0Hj4O4, rmrmelosin, xantho- 
toxol-yy-di'methylaUyl emer, 8-yy-dimetliylallyl- 
oxypsoralene. Occurs in the fruit of Aegle 
marmelos Correa and in Angelica glabra 
Makino, m.p. 102-103° {see Spftth ei al., Ber. 
1937, 70 [B], 1021). 

/so Imperatorin, CuHigOg, bergaptol yy- 
dimetkylaUyl ether, 6-yy-dimethylallyloxypsora- 
lene, m.p. 109° {see Sp&th and Dobrovolny, ibid. 
1939, 71 [B], 62). 


/soPImpinellin, 6;8-dimeth- 

oxypsoralene. Occurs in Beseli indicum Wight 
and Arn., m.p. 161° {see Sp&th and Vierhapper, 
Monatsh. 1938, 72, 179; Noguchi, Fujita, and 
Kawanami, Ber. 1938, 71 [B], 344). 
Marmelosin v. Imperatorin. 

Nodakenetin, Ci4Hi404, 4':6'-dihydro-5'- 
Me2C(OH)-p8oralene. Occurs as a glucoside, 
nodakenin, C2oH240g,HoO, m.p. 218-219°, 
Wd + 66*6° in water. Acid hydrolysis yields 
nodakenetin, m.p. 192° (186°), [a]i) —22*4°; 
acetyl deriv., m.p. 130° {see Arima, Bull Chem. 
Soc. Japan, 1929, 4, 113; Sp&th and Tyray, 
Ber. 1939, 72 [B], 2089). 

Nodakenin v. Nodahenetin. 

Ostruthol, C 21 H 22 O 7 , 

5 -MeCH:CMe*C0*0*CMe2*CH(0H)CH2*0- 

psoralene, m.p. 137°, [ajjf —18*3° in pyridine ; 
aeetyl deriv., m.p. 126° {see Spath and Christiani, 
ibid. 1933, 66 [B], 1150). 

Oxypeucedanin . Ci.H 1406» 


V 


-CH«— O- 


psoralene, m.p. 142-143°; hydrate, m.p. 134° 
{see Sp&th and Klager, ibid. 1933, 66 [B], 914). 

Peucedanin, Cj 5 Hj 404 , 4'-methoxy-6'-f5o- 
propylpsoraJone, m.p. 109° (90°). Inhibits fer- 
mentation {see Spath and Klager, ibid. 1933, 
66 [BJ, 749). 

Phellopterin, Ci7Hig06, 6-methoxy-8- 
Me2C:CH*CH2*0-p8oralene. Occurs in An- 
gelica glabra Makino and Phelloplerus littoralis 
Benth., m.p. 102° (^ee Noguti and Kawanami, 
J. Pharm. Soc. Japan, 1941, 61, 77). 

Psoralene, CnHgOg, ficusin [11(a)], m.p. 
171° (162°) {see Sp&th et al., Ber. 1937, 70 [B], 
73). 

Xanthotoxin, C12H8O4, xanthotoxol methyl 
ether, 8- methoxy psoralene. Occurs in the seeds 
of Angelica archangelica Linn., m.p. 146° {see 
Spath and Pailer, ibid. 1936, 69 [B], 767). 

Xanthotoxol, CijHgO^, 8-hydroxypsora- 
lene, m.p. 262-253°. Meth'yt ether v. xanthotoxin 
{see Sp&th and Vierhapper, ibid. 1937, 70 [B], 
248). 

An unnamed coumarin, CiaHgO*, m.p. 183- 
184°, occurs in the fruit of Seseli indicum 
Wight and Am. It is probably a methoxy- 
psoralene {see Bose and Guha, Sci. and Cult. 
1936, 2. 326). 


II {b) 2':3':8:7-Furanocoumarin8. 
Derivatives of Angellcin. 
Angeilcin, CuHgOg, isopsoralene, m.p. 142° 
{see Sp&th and Pailer, J^r. 1936, 68 [B], 940; 
Jois and Manjunath, ibid. 1937, 70 [B], 431). 

Athamantin, m.p. 6»-60°, [a]“ 

+96° in MeOH, 
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Occurs in Peucedanum oreoaelinum Moencli. 
{Athamanta oreoselinum Linn.) {see Sp&th 
et aU ibid. 1940, 73 [B], 709, 1309). 

/soBergapten, CjgHgO^, 5-mothoxyangeli- 
cin, m.p. 224° {see Spath and Kubiczek, ibid. 
1934, 70 [B], 1263). 

/soPsoralene v. Angelicin. 

Pimpinellin, CigHioOg, 5:6-diinethoxy- 
angelicin, m.p. 119° {see Wcssely and Kallab, 
Monatsh. 1932, 59, 161). 

Sphodin, Ci2Hg04, 6-methoxyangelicin. Oc- 
curs in Heracleum sphondylium Linn., m.p. 
189-191° {see Spath and Schmid, Ber. 1941, 
74 [B], 595). 

Sphondylin, Ci2Hg04, methoxyangehcin (?). 
Occurs in Heracleum sphondylium Linn., m.p. 
161-163° {see Si)ath and Schmid, ibid. 1941, 
74 [B], 695). 

Oroselone and Oreoselone. 

A few degradation products of natural cou- 
macins have been described in the literature 
which have not, so far, been found in plants. 
Two different substances have been given the 
name “ oreoselone.” Spath now proposes to call 
one of them “ oroselone.” 

1. Oreoselone, C14H12O4, a psoralcne deriva- 
tive, 



O O 


obtained from peucedanin by acid hydrolysis, 
m.p. 177-178° {see Spath, Platzer, and Schmid, 
ibid. 1940, 73 [B], 709 ; Bruckhausen and Hoff- 
mann, ibid. 1941, 74 [B], 1584). 

2. Oroselone, Ci 4 Hjq 03, an angelicin deriva- 
tive, 



obtained from athamantin by acid hydrolysis, 
m.p. 188-189° {see Sp&th et al., ibid. 1940, 73 [B], 
709). 

Ill, The Pyeenocoumarins. 

The pyrenocoumarins are few in number and 
all the known natural products are (a) 6':6'- 


dimethyl-2':3':7:6-, {h) 6':6'-diraethyl-2':3'5:6- 
or {c) 6^•6'-dimethyl-2':3':7'8-pyrenocoumarins 
{see p. 445a). 

These compounds are also fish poisons and 
insecticides. 


Synthesis. 

1. Prom a chroman derivative by com- 
pleting the a-pyrono ring : 

CH2 

w.r/ CHO 


I 


MegCv^ 


JOH 


+ CH2(CN) COOH 


,CH:C(CN)COOH 

OH 



Dihydroxanthyletin. 


2. Prom a coumarin derivative by addition of 
an UDsaturated compound to complete the pyxen 
ring: 



Angular compounds of types III (6) and (c) 
have also been synthesised by similar reactions. 


OMe 



+ MegCO 


Degradation of Pyrenocoumarins. 


OMe 



OMe 
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in (a) Derivatives of Xanthyletin. 

Luvangetin, Ci5Hi404, 8-methoxyxanthyle- 
tin. OccuTB in Imvunga scandena Buoh-Ham. 
and in PimpineUa aaxifraga Linn., m.p. 108- 
109° {aee Spftth and Schmid, ibid. 1941, 74 [B], 
193). 

Xanthoxyletin, C15H14O4, xanthoxylin N, 
6-methoxyxanthyletin, m.p. 133°. Cone. H2SO4 
gives a red solution (aee Robertson and Subra- 
manian, J.C.S. 1937, 286 ; Dieterle and Kruta, 
Arch. Pharm. 1937, 276, 45). 

Xanthoxyiin N v. Xanthoxyletin. 

Xanthyietin, C14H12O8, m.p. 128-128*5°. 
Dissolves in cone. HaS04 with orange-red 
colour (see Bell, Bridge, Robertson, and Subra- 
manian, J.C.S. 1937, 1542; Sp&th and HoUel, 
Ber. 1939, 72 [B], 2093). 

Ill (b) Derivatives of Pyrenocoumarin. 

Aiioxanthoxyletin, C15H14O4, 7-methoxy- 
6':6'-dimethyl-2':3':6:6-pyr6nocoumarin. Occurs 
in small amount in the bark of Zanthoxylum 
americanum Mill., m.p. 115*5°. Cone. HaS04 
gives an orange solution changing to orange-red, j 
bright red, and finally colourless on warming 
(see Robertson and Subramanian, J.C.S. 1937, 
1545). 

Ill (c) Derivatives of Seseiin. 

Seselin, Ci4Hi208, occurs in Seseli indicum 
Wight and Arn. and Skimmia japonica Thunb., 
m.p. 119-120° (see Sp&th and Hhlel, Ber. 1939, 
72 [B], 963). 

A. McG. 

NATURGIFTSTOFF (v. Vol. Ill, 434c). 

^^NATURLAb^^ (V. Vol. IV, 315c). 

N EAT ’S FOOT O I L is usually obtained in 
England by boiling out the fatty glands from 
the feet of cattle. The feet are scraped, washed, 
the hooves cut off and after removal of the hair 
are boiled with water in steam- jacketed pans. 
The oil which rises to the top is skimmed off 
and allowed to settle in a warm place, being 
sprinkled with salt to aid the separation of the 
water. The oil is then washed with water to 
remove gluey substances, and filtered. After 
long standing in the cold, a small quantity of 
stearin is deposited, the best types of oil being 
obtained by decanting the clear liquid from the 
stearin. Commercial oils of European origin 
frequently consist of genuine neat’s foot oil 
together with oil from sheep and horses’ feet. 

Neat’s foot oil is obtained on a larger scale as 
a by-product of the meat-packing industries of 
North and South America. The feet are taken 
directly from the slaughter houses, washed 
clean, and sawn off into suitable sizes, thus 
allowing for the possibility of separating the 
shin bone from the feet proper, which yield 
genuine neat’s foot oil whereas the composition 
of the oil obtained from the shin bone approxi- 
mates to that of the bone-marrow fat of the 
animal from which it is taken. In American 
practice, however, it is more usual to boil the 
shin bone together with the feet, after removal 
of the hooves, thus producing an oil of higher 
setting-point than that obtained from the feet 
alone. The whole process is completed in the 
shortest possible time as otherwise an oil of dark 


colour and unpleasant odour is obtained. The 
oil is skimmed off as in the English practice and 
filtered through a fine wire screen to remove 
most of the water and is then run into vessels 
fitted with closed steam coils. Passing steam 
through the cods serves to coagulate the organic 
impurities and to remove the remainder of the 
water from the oil, which is then filtered. 

The open -boiling process recovers approxi- 
mately half the oil, and is unsuitable for old and 
putrid bones on account of the lower yield, and 
of the offensive odour emitted from the vats. 
A higher yield is obtained by treating the feet 
in autoclaves with open steam at 2-3 atm. 
pressure. 

Neat’s foot oil is a pale yellow, limpid liquid 
having the following average characteristics : 
pjg 0*915-0*920, 1*468, setting point —4° 

to +4°, saponification value 192-197, iodine 
number 67-73, unsaponifiable matter 0* 1-0*5%, 
viscosity (Redwood) 70 seconds at 140°f., 
43 seconds at 200°f., free fatty acids as oleic 
0*1%. The oil has been stated (Eckart, Chem. 
Umschau, 1923, 80, 53) to contain oleic 75, 
palmitic 17-18, and stearic acid 2-3%, while 
a more recent analysis (Cuypers, Chem.-Ztg. 
1930, 64, 30) showed that a crude American oil 
contained linoleic 3-5, oleic 60, palmitic and 
stearic acids 31%, whereas de-stearinated 
samples contained up to 9% linoleic acid. 

The highest grades of neat’s foot oil, after 
chilling and separating from deposited stearin, 
are used as a lubricant for delicate machinery, 
and for treatment of hides and skins in the 
manufacture of high-grade leather. Neat’s foot 
oil is also extensively sulphonated, the product 
being used in large quantities for leather 
dressing. 

M. L. M. 

N EG R ET E I N . Negress potatoes extracted 
by means of methyl-alcoholic hydrogen chloride 
afford a solution from which ether precipitates 
a mixture of two anthocyanins, Negretein and 
Tuberin. Hydrolysis of negretein by means of 
10% sodium hydroxide at 0° yields negretin and 
jp-hydroxycinnamic acid. Negretin hydrolysed 
by short boding with 20% hydrochloric acid 
affords malvidin chloride, glucose, and iso- 
rhodeose. Negretein is therefore regarded as 

Cl 



(Chmielewska, A, 1936, 480). 

W. B. 

NEMALITE (v. Vol. II, 1195). 

NEMATIC SUBSTANCES (v. Vol. VII, 
354d). 

**NEMBUTAL'\ Sodium 6-ethyl-6-a-methyl- 
butyl barbiturate. Sedative, hypnotic, and 
aneesthetic. B.P.C. (v. Synthetic Deuos). 

S E 

NEOANTIMOSAN (v. Vol. I, 439a, and 
Synthetic Dettos). 

S. 



NEODYMIUM. 


NEOARSPHENAMINE. (Mainly) sodium 
3:3' - diamino - 4:4' - dihydroxy arsenobenzene - N- 
methylenesulphoxylate. “ Neo - aalvarsan ” ; 
“ N ovaraenohillon.’’' Used in treatment of 
syphilis. B.P., B.P.C. {v. Vol. I, 492o, and 
Synthetic Drugs). 

S. E. 

NEODYMIUM. Sym. Nd. At. no. bO. 

At. wt. 144-27 (IlonigHchmid, Naturwiss. 1937, 
25 , 701); determined by comparison with pure 
silver, the previously accepted value of 144 -20 
obtained by Baxter, Whitcomb, Stewart, and 
Chapin (J. Amer. Chem. Soc. 1916, 38 , 302) thus 
being confirmed; see also J.C.S. 1939, 361. 
Isotopes : Aston detected five isotopes by mass 
spectrographic analysis (Nature, 1933, 132 , 930). 
They are of the following masses, given in order 
of abundance : 142, 144, 146, 143, 146, from 
which a value of 143-5 was obtained for the 
atomic weight. Later Dempster detected iso- 
topes of masses 148 and 160 (Physical Kev. 
1937, [ii], 51 , 280). which leads to a calculated 
atomic weight of 144-29 (Mattauch and Hauk, 
Naturwiss. 1937, 25 , 780). 

Neodymium is a metallic element and a 
member of the cerium group of rare earths. 
Chemically it is ver}'^ similar to lanthanum and 
praseodymium, separation from the latter being 
exceedingly difficult. 

Sources. — Except for cerium, neodymium is 
the most abundant of tno rare-earth elements. 
It occurs in almost all of the cerium ores, of 
which the most common arc those named below. 
CeritCy Ceg(Ca,Fe)H2Si30ig, cliiefly from 
Sweden, was the principal source before the dis- 
covery of monazite sand, (Ce,Y)P04,Th02.Si02, 
occurring chiefly in Brazil, Carolina, Bohemia, 
Australia, and the Urals ; monazite is also 
known as mengite, urdite, and edwarsite. Orthite, 
allanite, or xanthorite, (Cu,Fe)2(Al,Ce)3HSi30i3, 
contains 10-20% of rare-earth oxides, chiefly of 
the cerium group. Radioactive monazite sand 
was discovered in Japan (Shibata and Kimura, 
Japan. J. Chem. 1923, 2, 1), containing NdoOg 
20, CCgOg 20, and DygOg 3-5%. A crystalline 
variety with a somewhat lower neodymium 
content was also found. Neodymium is also 
found in Norway, Canada, and Madagascar. 

Extraction and Separation. — The finely 
ground ore is attacked by concentrated hydro- 
chloric or sulphuric acid, and the aqueous extract 
treated with hydrogen sulphide to remove lead, 
copper, tin, bismuth, and similar metals. 
Alternatively, the ore may be fused with potas- 
sium bisulphate or sodium hydroxide, and the 
melt then digested with acid. Boiling oxalic 
acid solution is then added slowly to the boiling 
extract, giving a precipitate of the crude 
oxalates. Zirconium and thorium are removed 
by repeated treatments with boiling ammonium 
oxalate solution in which the rare-earth oxalates 
are almost insoluble. If large quantities of 
thorium are present, the neutral or very slightly 
acid solution of crude rare-earth salts may 
be treated with hydrogen peroxide, which 
precipitates an insoluble per-compound of 
thorium. 

Ores containing relatively large quantities of 
niobium or tantalum are fused with potassium 
bifiuoride, or treated with hydrofiuodo add to 
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extract these metals as their soluble fluorides or 
complex fluorides. 

The crude oxalates are usually separated into 
the (serium, terbium, and yttrium groups by the 
James method ; the dried oxalates are mixed 
with a small quantity of concentrated sulphuric 
acitl, and the anhydrous sulphates then formed 
are dissolved in ice-cooled water. Solid sodium 
or potassium sulphate is added slowly to precipi- 
tate the least soluble sulphates, i.e., those of the 
cerium group. The separation is not sharp and 
the sulphates of the terbium group begin to 
precipitate before the precipitation of the cerium 
group sulphates is complete. This treatment is 
applied after preliminary fractional crystallisa- 
tion of the nitrates if loss than 15% of yttrium 
earths is present ; uikUt such circumstances the 
yttrium earths are concentrated in the more 
soluble nitrate fractions, and they are removed 
by the above procedure only when they have 
become abundant enough to interfere with the 
separation of the cerium group, (k^rium is 
easily removed by oxidising a neutral solution 
with potassium bromate or permanganate, and 
boiling to precipitate a basic quadrivalent 
cerium salt. 

The remaining elements arc separated by 
fractional crystallisation {see Rare Earths). 
The double ammonium or magnesium nitrates, 
2NH4N03 ,Mi^»(N 03)3,4H20 or 
3Mg(NOg)2,2Min(NOg)3,24H20, 
are generally used to give a mixture of the 
praseodymium and neodymium salts. The 
fractionation is then continued, using the man- 
ganese double nitrates, the praseodymium salt 
being the less soluble. Other methods which 
have been used successfully to separate these 
two elements are the crystallisation of (i) the 
oxalates from nitric acid ; (ii) the double car- 
bonates ; (iii) the m-dinitrobenzoates ; and 
(iv) the simple nitrates from concentrated nitric 
acid. The fractional precipitation of the chlorides 
by gaseous hydrogen chloride has also been 
adopted. 

Preparation and Properties. — The metal 
is prepared either by the reduction of the oxide 
or chloride, or by the electrolysis of a fused 
salt. The electrolysis of the chloride is usually 
carried out at high current -density using a finely 
divided carbon cathode (Matignon, Compt. 
rend. 1900, 181 , 891 ; Sieverts and Roell, 
Z. anorg. Chem. 1926, 150 , 261). The graphite 
cell is usually lined with molybdenum or 
tungsten. The effect of current density and 
neodymium oxide has been investigated by 
Kremers (Trans. Electrochem. Soc. 1925, 47 , 
350), Trombe describes a miniature cell using 
a molybdenum rod cathode {ihid. 1934, 66 , 67) 
and Drossbach (Z. Elektrochem. 1938, 44 , 124) 
has designed a cell with an iron wire cathode for 
the electrolysis of fused 2KCI,NdCl3 at 860°c. 
using small currents. Impure neodymium was 
obtained by the reduction of the chloride with 
sodium (Matignon, Compt. rend. 1900, 181 , 
837 ), and Bommer and Hohmann (Z. anorg. 
Chem. 1941, 248 , 367), using the method of 
Klemm and Bommer, have prepared pure 
neodymium by reduction of the chloride, in 
vacuo, with potassium. 
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When pure the metal is silver-white, but it 
normally possesses yellow streaks due to slow 
atmospheric oxidation. p*J®=6-956; at. vol. 
=20*62 c.c. The paramagnetic moment re- 
corded by Tr )nibe (Compt. rend. 1934, 198. 
1591) of 17*8 Weiss magnetons agrees with the 
value obtained for its salts, and also with that 
calculated for the Nd+ + + ion, i.e., 18 magnetons 
(Trombe, Ann. Physik, 1937, fv], 7, 385). The 
magnetic susceptibility, which is approximately 
equal to that of ijraseodymium, europium, and 
ytterbium, is 39*51 x 10~ ' C.G.S. units (Trombe, 
Compt. rend. 1934, 198, 1591). An earlier value 
of 36*21 X lO"*’ C.G.8. units was recorded by 
Owen (Ann. Physik, 1912, [iv], 87, 666). The 
susceptibility has been discussed theoretically 
by Selwood (J. Amer. Chem. Soc. 1933, 55, 3161) 
and Foex and Fehrenbach (Compt. rend. 1936, 
203, 857). 

The two reduction potentials of —1*870 and 
— 1*960 V. have been determined by Noddack 
and Brukl (Angew. Chem. 1937, 50, 362). 
Neumann and Kiehter obtained the normal 
hydrogen electrode potential of 1*748 v. Like 
praseodymium, metallic neodymium has a 
hexagonal close-packed structure, a =3*655 a. ; 
c=5*880a. ; atomic radius=l*819 a. (Klemra 
and Bommer, Z. anorg. Chem. 1937, 231, 138). 

It was suspected for a long time that neo- 
dymium is weakly radioactive, but it is now 
thought that such activity is duo to impurities. 
)9-Radioactive isotopes corresponding to the 
following masses have been prepared by neutron 
or deuteron bombardment of neodymium : 141, 
161, and either 147 or 149. 

Spectra. — The arc spectrum has been in- 
vestigated by Joye (Arch. 8ci. phys. Nat. 
Geneve, 1913, 36, iv, 41) and Muthmann, Weiss, 
and Heramhof (Annalen, 1907, 355, 165) ; for 
the spark spectrum, see Exner and Haschek 
(Sitzungsber. Akad. Wiss. Wien, 1899, 108, Ila, 
1071), Azeona (Chem. Zentr. 1941, I, 330), and 
Albertson, Harrison, and McNally (Physical 
Rev. 1942, [u], 61, 167). 

The absorption spec!trum of neodymium salts 
in solution has been the subject of many in- 
vestigations. The 4,691 a. band coincides with 
a band of the praseodymium spectrum. QuiU, 
Selwood, and Hopkins (J. Amer. Chem. Soc. 
1928, 50, 2929) have stated that Beer’s law does 
not hold for solutions of the chloride and 
nitrate. Selwood {ibid. 1930, 52, 4308) has 
studied the effect of concentration on the wave- 
length of these bands. Gardiner {ibid. 1926, 
129, 1618) investigated the ultra-violet spectrum. 
For spectra in non-aqueous media, see Jones 
and Guy (Physikal. Z. 1912, 18, 649); Jones 
and Anderson (Proc. Amer. Phil. Soc. 1908, 47, 
276) ; Jones and Strong (Amer. Chem. J. 1911, 
46, 1; 1912, 47, 27); Schaffer (Physikal. Z. 
1906, 7, 822). 

Uses. — Neodymium and its compounds are 
used widely to a very limited extent. The total 
annual consumption is approximately 80 tons. 
The metal is sometimes deposited in the carbon 
cores of arc-light pencils, which produce intense 
white light. A mixture of neodymium and 
praseodymium nitrates is used for stamping 
trade marks on gas mantles and the like. 


Neodymium is present to the extent of 16% in 
“ mischmetall ” {v. Vol. II, 6166). This alloy 
possesses interesting pyrophoric properties and 
is used widely in cigarette lighters, flash powders, 
tracer bullets, etc. Several alloys of chromium, 
nickel, aluminium, and magnesium, containing 
neodymium, have been patented in the past ten 
years for specific uses. Several of the salts are 
used in glass manufacture and pottery to im- 
part delicate tints. The phosphate imparts a 
rose tint to porcelain, and the oxide a special 
bluish -red colour to glass. The subject is dis- 
cussed fully by Schmidt (Glashiitte, 1941, 71, 
No. 8, 105). 

Compounds or Neodymium. 

Neodymium is torvalent in all its compounds, 
although oxides approximating to the formulas 
NdOg and Nd 40 g have been reported (Brauner, 
Z. anorg. Chem. 1902, 32, 1 ; Marc, Ber. 1902, 
35, 2382). The salts are pink or violet in the 
solid state, and usually pink in solution, giving 
characteristic absorption spectra (see above). 

Neodymium Oxide, NdgOg. — 7*24. A 
clear blue powder with a pale red fluorescence, 
prepared by heating the hydroxide, oxalate, 
nitrate, or carbonate. It occurs in two forms : 
(a) blue-violet plates belonging to the trigonal 
trapezohedral system, obtained by heating the 
hydroxide or nitrate to l,l00--l,300°c. for 1-2 
hours, and (6) a pseudo trigonal form prepared 
by heating the hydroxide at l,300°o. for 5 
minutes or the sulphate at l,000^c. for several 
hours. The oxide is an exceedingly stable 
compound with a heat of formation of 435 kg.- 
cal. The solubility in water is 5*7 x 10~® g.-mol. 
per 1. at 29°c. Neodymium oxide is readily 
soluble in dilute acids. 

Neodymium Hydroxide, Nd (OH ) 3 , is pre- 
cipitated by the action of alkali on neodymium 
salts, as a bluish precipitate, although it has 
been obtained as a rose-coloured product. On 
heating at 30(>-350°c. greyish-brown 

2Nd203,3H20 ' 

is formed, which is converted into Nd 203 ,H 20 
at 525°c. The hydroxide, like the oxide, is 
readily soluble in dilute acids. 

Neodymium Fluoride, NdFg, may be ob- 
tained by the action of fluorine on a heated 
neodymium salt, or as a gelatinous precipitate 
by the addition of concentrated hydrofluoric 
acid to a solution of a neodymium salt (Popovici, 
ibid. 1908, 41, 634). 

Neodymium Chloride, NdClj. — ^M.p. 786°, 
p 4*16. Obtained in the dry state by heating 
the hydrated chloride or oxide in hydrogen 
chloride or by the action of the chlorides of 
sulphur or carbon tetrachloride on the heated 
oxide. The heat of formation is 249*4 kg. -cal. 
The molten salt is green, depositing large violet 
prisms on cooling. The anhydrous salt is veiy 
hygroscopic and dissolves in water with a hign 
heat of solution (3 kg. -cal.), the resulting solu- 
tion being feebly hydrolysed. The conductivity 
has been studied by Bbdlander (Dissert., 
Berlin, 1916, p. 13). The boiling-point of an 
alcoholic solution has been used to determine 
the molecular weight. 
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NdCIgjBHgO, p\^'^ 2-282, is obtained from 
aqueous solution. The solubility is very high 
(246-2 g. per 100 g. of water at 13°C.) and the 
salt molts at 124‘". 

Ammonia forms several addition compounds, 
with from one to twelve molecules of ammonia 
per neodymium chloride molecule (Matignon 
and Trannoy, Compt. rend. 1906, 142, 1042). 
Alcohol and pyridine form addition compounds, 
NdCl3,3C2H60H and NdCl3,3C5H3N. 

Neodymium Oxychloride, NdOCI, is 
formed by heating the chloride in water vapour 
or in air. The small mauve cubic crystals do 
not melt at l,000°c. 

Neodymium Perchlorate, 

Nd(CI04),6H20, 

is a very deliquescent violcst-rose coloured pro- 
duct obtained by evaporating a solution of the 
oxide in perchloric acid, and allowing the solu- 
tion to stand over concentrated sulphuric acid. 
At 170°g. the anhydrous salt is formed, but 
above 180°c. decomposition takes place. The 
aj)cctrum has been studied fully by Selwood 
(J. Amer. Chern. Soe. 1930, 52, 31 12). 

Neodymium Bromide, NdBr3, is prepared 
in the anhydrous state by the methods used 
to ])repare the chloride, the red crystalline 
product being isomor])hou8 with the chloride. 
The salt dissolves in alcohol and acetone and is 
slightly hydrolysed by water. The hydrates 
NdBr3,6H20 and NdBrg,9H20, analogous 
to those of praseodymium bromide, are formed. 

Neodymium Bromate, Nd(Br03)3. — The 
anhydrous salt is obtained by heating 
Nd(Br03)3,2H20 at 150''(’. ; the dihydrate 
is formed by heating the hydrate 

Nd(Br03)3,9H20 


lises on evaporating an aqueous solution. It 
loses the water of crystallisation at 350°C7. 
Ndg (804)3, SHgO is formed by adding sul- 
phuric acid to a solution of neodymium nitrate 
and precipitating with alcohol. The resulting 
red prisms are isomorphous with the correspond- 
ing erbium, yttrium, and praseodymium salts. 
Extensive studies have been made on the solu- 
bility of this salt in water (Reinacker, J.C.8. 
1930, 1687 ; Friend, ibid., p. 1633). Friend has 
attributed a break in the solubility curve to an 
allotropic modification ; he has also prepared 
N dg (804)3,1 6 H2O by the addition of the finely 
powdered octahydrate to dilute sulphuric acid 
between 0 and 30^c. At ordinary temperatures 
this readily passes into the octahydrate. 

Neodymium Basic Sulphate, Ndg 03,803, 
or (Nd0)2S04, prepared by heating the an- 
hydrous salt to 800"c. in air, is a bluish- red 
insoluble powder. 

Neodymium Hydrogen Sulphate, 
NdH3(S04)3.- 

'J’his salt forms clear rose-coloured needles, very 
similar to the corresponding praseodymium salt, 
and is obtained by evaporating a solution of the 
oxide in concentrated sulphuric a(id. 

Neodymium Double Sulphates. — The fol- 
lowing have been prepared : 

Nd2(S04)3,5K2S04,2H20; 

Nd2(S04)3,4K2S04,2H20; 

Nd2(804)3,K2S04,2H20; and 

3Nd(S04)3,2K2S04,8H20. 

Some of these double sulphates show eonsider- 
able dilferences from tlui corresponding prase- 
odymium salts. For example. 


to 100°c. The latter forms hexagonal prisms, 
very soluble in water, prepared by evaporation 
of the solution obtained by the addition of 
barium bromate to neodymium sulphate. 

Neodymium iodide, Ndlg. — This is a highly 
exothermic compound prepared by the action 
of hydrogen iodide on neodymium chloride near 
its melting-point, or by direct union of the two 
elements. At high temperatures an allotropic 
modification is formed. 

Neodymium Sulphide, Nd2S3. — p5\U, mol. 
vol. 72-1 c.c. A brown powder formed by the 
action of hydrogen sulphide on the anhydrous 
chloride or sulphate at 600-1 ,000°c. At higher 
temperatures a green vitreous mass results. 
Water readily decomposes the sulphide, but 
heat has no action below 2,200*^0. 

Neodymium Sulphite, Nd2(803)3,aq., is 
produced by passing sulphur dioxide into a 
suspension of neodymium hydroxide in water. 

Neodymium Sulphate, Nd2(804)3. — Pre- 
pared in the anhydrous state by heating the 
oxide and concentrated sulphuric acid gradually 
to red heat. It forms rose-coloured needles, 
exceedingly soluble in water. The ionisation 
has been considered by Aufrecht (Dissert , 
Berlin, 1904, p. 67) and Bodlander {ibid. 1915, 
p. 33). The crystals decompose at TOO-SOO'^o. 
The heat of formation is 67*2 kg.-cal., and the 
heat of solution 36-5 kg.-cal. Several hydrates 
have been isolated: Nd2(S04)3,6H20 crystal- 


Nd2(S04)3,(NH4)2S04,8H20 

forms beautiful violet crystals, and a similar 
rubidium salt has been isolated. The thallium 
double sulphates have been studied. 

Neodymium Selenide, NdgBeg, is formed 
by the action of hydrogen selenide on the heated 
oxide or chloride, as a dark violet powder, in- 
soluble in water. The properties are dis- 
cussed fully by Klemm and Koezy (Z. anorg. 
Chem. 1937, 2^, 84). 

Neodymium Selenates, Nd2(8e04); 
and Nd2(8e04)3,8H20, are prepared 
same way as the sulphates and are very 
similar. There is evidence for the existence of 
Nd2(8e04)3,12H20 (Friend and Round, J.C.S. 
1928, 1820). 

Neodymium Nitride, NdN, is a black 
powder, readily decomposed in humid air with 
the liberation of ammonia. It may be prepared 
by heating the metal at 900°o. or the carbide at 
l,200°c. in nitrogen. 

Neodymium Nitrate, Nd(N03)3,6H20. — 
This hydrate and the pentahydrate, 

Nd(N03)3,6H20, 

are isomorphous with the corresponding bis- 
muth compounds. These hydrates are prepared 
by adding the oxide to nitric acid and crystal- 
lising the solution. Many double nitrates are 
formed. Nd(N08)8,2NH4N03,4Ha0 forms 


.6H2O 

in the 
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reddish- violet plates (ni.p. 47°c.). In addition 
a series of salts of the general formula 

2Nd(N03)8,2M^MN03)2.24H20 

has been prepared, where Mn, Co, 

Ni, Zn, or Cu. These have been investigated 
fully from the point of view of separating the 
rare earths (Jantsch and Widgorow, ibid. 1911, 
69, 222; Prandtl and Ducrue, ibid, 192G, 150, 
105 ; Friend, J.C.S. 1930, 1903). 

Neodymium Phosphates. — NdP 04 is 
formed by the fusion of mierocosmic salt, 
NH4NaHP04, and neodymium oxide, or by 
the addition of phosphoric acid to neodymium 
sulphate. An acid phosphate and the meta- 
phosphate Nd(P03)3 known. 

Neodymium Carbide, NdC.^, in the form of 
golden yellow microcrystalline hexagonal plates, 
is obtained by heating a mixture of neodymium 
oxide and sugar charcoal in the electric furnace. 
Water reacts at room temperature to produce a 
mixture of gases, acetylene being the chief 
constituent. i 

Neodymium Carbonate, NdoiCOg )3.8H20. 
is obtained when carbon dioxide is passed into 
a solution of a neodymium salt in sodium bi- 
carbonate solution. The hydrate loses six 
molecules of water over concentrated sulphuric | 
acid, and the monohydrate is produced at 
100°c. The basic carbonate Nd(0H)C03 is 
formed on boiling a suspension of the carbonate. 
Double salts are formed with potassium, sodium, 
and ammonium carbonates, and thallium double 
carbonates have been reported. 

Neodymium Boride, NdB^. — A product 
approximating to this composition has been 
obtained by electrolysing a mixture of neo- 
dymium and boric oxides with some lithium 
oxide and fluoride (Andrieux, Ann. Chim. 1929, 
[x], 12, 473). It forms blue crystals and 
resembles lanthanum boride. 

Neodymium Borates. — Nd 28409 is precipi- 
tated as a reddish-brown powder by the addition 
of borax to a solution of a neodymium salt. 
The orthoborate, NdB03, a violet-red micro- 
crystaUine powder, and the compound 
Nd(B02)3, also exist. 

Neodymium Chromate, 

Nd2(Cr04)3,8H20, 

is formed by mixing neodymium oxide with a 
0*1 N. solution of potassium chromate in the 
minimum quantity of chromic acid. Brownish- 
yellow microscopic needles are formed. 
Nd2(CrO4)3,10H2O is formed by double 
decomposition of neodymium nitrate and potas- 
sium chromate as a voluminous yellow precipi- 
tate. The anhydrous salt is prepared by fusion 
of the anhydrous chloride with potassium 
chromate. 

Neodymium Acetate, 

Nd(CH3C00)3,H20.-~ 

This forms violet-red flakes when the oxide is 
added to excess acetic acid. It is recrystallised 
from water. Many double compounds are 
formed with organic acetates. 

Neodymium Oxalate, Nd2(C2O4)3,10H2O. 
is precipitated by the addition of oxalic acid 
or an alkaline oxalate to a neodymium salt in 


acid or neutral solution. It is a rose-coloured 
salt, relatively insoluble in water (148 mg. per 1. 
at 25°c.). 

A. J. K. W. and R. F. H. 

NEON. Sym. Ne. At. no. 10. At. wt. 
20-183 (International Atomic Weight Com- 
mission, 1934; Baxter and Starkweather, Proc. 
Nat. Acad. Sci. 1928, 14 , 67, obtained the value 
20-182 from density measurements). Isotopes: 
20, 21, 22, A^^ith percentage abundances 90-00, 
0-27, and 9-73, respectively (Bainbridge, Physical 
Rev. 1933, fii], 43 , 424 ; Vaughan, Williams, and 
Tate, ibid. 1934, [ii], 46 , 329). Neon was the 
first inert element for which the existence of 
isotopes was discovered (J. J. Thomson, Proc. 
Camb. Phil.-Soc. 1914, 17 , 201). 

Isolation of Nfon. 

After the discovery of helium and argon it 
appeared probable that other gases with 
similar properties might exist to occupy vacant 
places in the periodic classification of the 
elements. In 1896 Ramsey and Travers began 
a search for them {see M. W. Travers, “ The 
Discovery of the Rare Gases,” London, 1928). 
In June, 1898, 15 1. of argon, prepared from air 
by chemically removing the nitrogen and 
oxygen, wwe liquefied by means of a new 
refrigerant, liquid air, supplied by Hampson 
who had just previously succeeded in preparing 
large quantities l)y tlirottle expansion of com- 
pressed air. The first portions of the gas which 
boiled off this liquid argon were collected 
separately and examined spectroscopically. 
The spectrum showed the presence of argon, 
helium, and a hitherto unknown gas, which was 
named neon. 

A further quantity of the neon concentrate 
was then prepared in a different manner. A 
Hampson air liquefier was operated in a closed 
circuit, the gas leaving the liquefier being 
returned to the compressor, so permitting a 
continuous concentration of the lighter con- 
stituents in the unliquefied air. Some of this 
latter was condensed under pressure at liquid- 
air temperature, and then allowed to evaporate 
while being thoroughly agitated. The gas 
obtained in this manner was mainly nitrogen. 
After removing the nitrogen chemically, the 
residue was much richer in neon than the 
concentrate obtained from the 16 1. of argon 
prepared a year earlier. The helium-neon- 
argon mixtures obtained by the two processes 
were mixed. 

To isolate the neon, Travers (op. cii.) used 
liquid hydrogen, prepared by himself for the 
purpose in an apparatus also utilising throttle 
expansion. At the boiling-point of liquid 
hydrogen (— 263°o.), the argon and neon in the 
mixture were solidified, but not the helium, 
which has a boiling-point below that of hydrogen. 
The neon, with an appreciable vapour pressure 
at — 263°o., was pumped away from the non- 
volatile argon, and after refractionation, gave 
the first pure neon ever prepared. Its density 
was found to be between 9*9 and 10*0. 

To determine the amount of neon in air, 
W. Ramsey (“ The Gases of the Atmosphere,” 
London, 1915) admitted a measured quantity of 
air to a bulb containing coconut charcoal. 
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cooled to -“100°o. A large proportion of the 
oxygen and nitrogen was adsorbed, but not 
the helium and neon. The unadsorbed gases 
were pumped off and treated in the same manner 
with a smaller quantity of charcoal. The gas 
mixture then pumped off, still containing 
nitrogen and oxygen, was mixed with excess 
of oxygen and the nitrogen removed by sparking 
over sodium hydroxide solution. After re- 
moving oxygen by phosphorus, the mixture of 
neon and helium was admitted to a bulb con- 
taining charcoal cooled to — 186®o., when the 
neon was completely adsorbed. The helium 
was pumped off, and when the charcoal warmed 
up the neon was collected and measured. Air 
was thus found to contain 12-4 vol. of neon in 
one miUion vol. of air, with 4*1 vol. of helium. 


^2 
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In 1909, G. Claude (Compt. rend. 1909, 148, 
1464) found 16 vol. of neon (and 5 vol. of 
helium) per million of air, when experimenting 
with a plant treating 360 cu.m, of air per hour. 
Moureu {ibid. 1920, 171, 941) estimated 18 vol., 
and Watson (J.C.S. 1910, 97, 810) gave 18-2 vol. 
Recent work by G. H. Cady and H. P. Cady 
(Ind. Eng. Chem. 1945, 17, 760) supports the 
value 18 vol. per million. 

The method employed by Claude for the 
extraction of neon and helium on an industrial 
scale is still utilised to>day. In his type of 
oxygmi separator the air to be treated enters 
at A (Pig. 1) at a pressure of about 4 atm. and 
rkm up the imier tubes, b, which are surrounded 
by liquid oxygen boil^ at a pressure a little 


above atmospheric. Part of the air is liquefied 
and drops back into the vessel o, this liquid 
having an oxygen content of about 40%. The 
uncondensed gases pass over to the outer tubes, 
where they condense to a liquid containing only 
a few per cent, of oxygen, and which collects 
in vessel d. Neon and helium, with boiling- 
points 63°o. and 86°o. lower than that of 
nitrogen, resist liquefaction and accumulate in 
the vapour above the liquid in vessel d. More 
nitrogen is liquefied on passage up tube e, and 
a further concentration of the rare gases is 
effected by connecting b to a coil immersed in 
the nitrogen-rich liquid coming from d ; this is 
now subjected to a pressure a little above 
atmospheric, after passage through valve F, 
and therefore has a temperature some 12°o. 
lower than the liquid in d. The liquid nitrogen 
rising in the coil flows back, and is withdrawn 
through the valve a. From the top of the coil 
a gas mixture is withdrawn which may contain 
as much as 80% of helium-neon. In this mix- 
ture there is always a few per cent, of hydrogen, 
equivalent to 0-5-1 *0 vol. per million vol. of 
treated air. Whether this hydrogen is a normal 
constituent of the atmosphere, or whether it 
arises from the oil used as a lubricant on the air 
compressor, has not been conclusively deter- 
mined. After removing the hydrogen chemically, 
the nitrogen content is further reduced by sub- 



jecting the mixture at high pressure to a low 
temperature, produced, e.gr., by liquid nitrogen 
boiling at atmospheric pressure. Finally, the 
mixture, having now a small nitrogen -content, 
is separated by adsorption on cooled active 
charcoal, with subsequent fractional desorption. 
Helium and neon are thus isolated in a very pure 
state. Minute traces of impurity render them 
useless for most of their applications, and great 
ckre has to be exercised in maintaining high 
purity. They are usually supplied in sealed 
glass containers at atmospheric pressure, having, 
for example, the form shown in Fig. 2. 

To avoid contamination by the gases adhering 
to the glass surface, the container is heated to a 
high temperature whilst being evacuated, and is 
then washed out with some of the highly purified 
rare gas before cooling, final filling, and sealing 
off. The outlet tube of the container is closed 
by a thin walled glass partition. The container 
is fused to the user’s equipment at a, and after 
evacuation up to a the partition is broken by 
causing the piece of iron i to strike it on passing 
a current through the solenoid s. 

Propeetibs of Neon. 

Neon is an inert, colourless, tasteless, odour- 
less gas, which does not condense at the tempera- 
I ture of liquid air but is solid at the temperature 
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of liqiiid hydrogen. The solid forms a face- 
centred, cubic crystal, with a lattice constant 
of 4-52 A. The atomic radiuSt calculated from 
ionisation potentials, is 0*68 a. (Mazundor, 
Z. Physik, 1930, 66, 119). 

The saturation vapour pressure above solid 
neon has been determined by Keesom and 


Haantjes (Physica, 1935, 

2, 460) : 

"tck). 

p(mm,Hg). 

15-92 

1-07 

16-93 

2-67 

17-97 

6-70 

18-58 

10-71 

19*79 

24-88 

20-45 

37-35 

Crommelin and Gibson 

(Comm. Leyden No. 

1856, 1927) quote data for the vapour pressure 
on which the following figures are based : 

TCk). 

P- 

15-46 (solid) 

0-55 ram. Hg. 

18-24 

7-8 

20-00 

28-2 

21-92 

91 

22-94 

148 

24-07 

250 

24-60 

317 

24-65 

325 

26*67 

451-6 

26-50 

605-2 

27-24 

1-000 atm. 

36-34 

7*970 atm. 

44-45 

26-86 atm. (critical 


point). 

(More recent data on vapour pressure are given 
in Rev. Mod. Physics, 1941, 13, 310.) 

The gas deyisity was determined by Baxter 
and Starkweather (Proc. Amer. Acad. 1928, 
14, 50). They found a value of 0-89990, the 
correction for deviation from Avogadro’s rule 
being given by : 

l-f-A=0-99941 (at 0°), 

The density of liquid neon is 1 *248 at 24-58 °k. 
(Kammerlingh-Onnes and Crommelin, Comm. 
Leyden No. 147d, 1916). 

The normal boiling-point is 27-17°k. 
(--245-92°c.), and the melting-point (triple 
point) is 24-67°k. (-248-52'^c.) at 323-5 mm. 
pressure (Crommelin and Gibson, Comm. Leyden 
No. 185b, 1927.) 

The critical temperature of the gas has been 
given as 44-74 °k., and the critical presmire 
27-23 atm. (Verschalfelt, Comm. Leyden, 1928, 
17, Suppl. 64d). A later determination (Wool- 
sey, J. Amer. Chem. Soc. 1937, 59, 1677) gave 
44'45 ®k. and 26-86 atm., respectively. 

Neon gas has a refractive index of 0*006276 j 
(for A 6462 a.) with respect to vacuum at 0°c. 
(Cuthbertson and Cuthbertson, Proc, Roy. 
Soc. 1932, A, 186, 40). 

The magnetic susceptibility at 20®c. is quoted 
as -"•7*651x10-6; at -183''o. it is -7*64x lO-® 
(Havens, Physical Rev. 1933, [ii], 43, 992). 

The thermal conductivity has been determined 
by Curie and Lepape (Compt. Rend. 1931, 198, 
842), who found a value of 0*0001092 at 0°C., 


with respect to air, a value of 0*0000583 being 
assumed for air. 

Keesom and Lammercn (Proc. K. Akad. 
Wetensch. Amsterdam, 1934, 37, 614) give the 
following figures for the molar specific heat of 
noon gas: 

TCc). 2?(atTn-) Cp. 

-245-3 1 5-55 

0 0-88 4*96 

Keesom and Haantjos (Physica, 1935, 2, 986) 
studied the thermodynamic properties of liquid 
and solid neon. They state that the specific 
heat of liquid ^‘*Ne is greater than that of 22 Ne, 
whereas this order is reversed for solid neon. 
The atomic heat of fusion of “‘^Ne is 1*18 g.-cal. 
greater than that of The calculated heat 

of fusion is 80 g.-cal. per g.-rnol. This agrees 
with the value of 80*1 deterrainod experi- 
mentally by Clusius (Z. physikal. Chem. 1936, 
B, 31, 459). Clusius quotes 3-26 units for the 
entropy of fusion. 

The heat of vaporisation of liquid neon is 
quoted as 431-47 g.-cal. per g.-mol. at 25-17°K., 
and 415-31 g.-cal. per g.-mol. at 27-1 5°k. 
(Mathias Crommelin, and Kamerlingh-Onnes. 
Comm. Leyden No. 162b, 1923.) The calculated 
value from the Trouton-Nornst equation is 
365 g.-cal. per g.-rnol. at 27-17°k. 

The viscosity of neon has been studied by 
Edwards (Eroc. Roy. Soc. 1928, A, 119, 378). 
It increases with temperature, and has a value 
of 3,076 X 10-’ at 15°c. 

Neon gives two main sets of spectra. The 
Ne I system (Paschen, Amer. Phys. 1919, 60, 
405) corresponds to an ionisation potential of 
21-47 V.; it is a singlet-triplet system, consisting 
of 132 series. The strongest lines lie in the 
visible and near ultra-violet. There is also a 
strong accumulation of lines in the orange 
region. The strongest line in the visible region 
is the Djj-line, at 5852-5 a. (yellow). This 
spectrum is used for the detection of neon. The 
Ne II system is a doublet- quartet system corre- 
sponding to an ionisation potential of 40-9 v. 
(Russel, Compton, and Boyce, Proc. Amor. 
Acad. 1928, 14, 280) ; Frisch. Z. Physik, 1930, 
64, 499). 

I There is also a possible Ne iii system (ionisa- 
tion potential 63-2 v., singlet-triplet-quintet) 
and a Ne IV system (doublet-quartet). Details 
of the spectra are given in H. Kayser, “ Tabellen 
der Hauptlinien der Elemente,” Berlin, 1926. 

For neon absorption-lines in stellar spectra, 
see Menzel and Marshall (Cambridge Mass., 
Harvard Coll., Astr. Observatory, reprint 99). 
For the Zeeman effect of neon, see Murakawa and 
Iwana, Sci. Pap. Inst. Phys. Chem. Res. Tokyo, 
1930, 18. 

The dielectric properties of neon have been 
studied by Watson, Rao, and Ramaswamy 
(Proc. Roy. Soc. 1931, A, 182, 569). The di- 
electric constant c is given by (c— 1 ) 28 “ x 10® 
—122*9. Neon has the smallest known value of 
dielectric cohesion, dVjdp (where F« striking 
potential, p— pressure) (Bouty, J. Physique, 
1903, 2, 401 ,* Ann. Chim. Phys. 1913, [viii], 28, 
645). This makes it a useful medium for gas- 
discharge tubes. 
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Uses of Neon. 

Neon is extensively used in discharge tubes. 
A neon tube consists of a length of glass tube at 
each end of which a metal electrode is attached. 
It is filled with neon to a pressure of about 
10 min. of mercury. When a suitable voltage is 
applied across the electrodes a current passes 
through the gas, which glows and radiates light. 
Alternating current is used, the positive column 
starting out from each electrode ; owing to the 
persistence of vision, the discharge presents a 
symmetrical appearance in the tube. High- 
tension current is necessary, the voltage ranging 
from 5,000 to 15,000, and current from 15 to 50 
milliamp., whilst the tubes may be up to 60 ft. 
long. In a clear glass tube the glow is an attrac- 
tive, warm orange-red. Wlien a little mercury 
is present with the neon, the glow becjomes blue ; 
it appears green in a yellow glass tube. Such 
neon tubes run cold, and in cold weather the 
vapour pressure of mercury is insufficient to 
maintain the blue colour ; this disadvantage is 
overcome by the addition of argon. Neon tubes 
have a luminous efficiency of 8-15 lumens per 
watt, much the same as that of a gas-filled 
tungsten -filament lamp. 

If the electrodes are placed close together, the 
light emitted comes principally from the 
negative glow, the visible positive column and 
anode glow being entirely absent (“ Os(jU7n ” 
lamp). Such “ negative glow tubes ” are made 
for use as low-power illuminants, as indicators 
to show whether a circuit is “ live ” or “ dead,’' 
as a temperature standard for use with the dis- 
appearing-filament pyrometer, in sound-film 
recording, etc. They have a neon or helium- 
neon filling and operate on 200-250 v. supplies. 
The property that a discharge tube possesses, in 
virtue of which it remains eflfcctively non- 
conducting until the applied voltage reaches a 
definite value, namely, the striking potential, 
permits of its use as a protective device in 
various electrical circuits. 

Some of the radiation of low -pressure dis- 
charge-tubes is in the ultra-violet region, and is 
invisible. Substances exist which arc capable 
of transforming ultra-violet radiation into radia- 
tion detectable by the eye, i.c., of transforming 
“ invisible ” energy into “ visible ” energy. 
Such luminescent substances are used to coat 
the interior walls of discharge tubes, either to 
change the effective colour or to improve the 
efficiency, and some of them can be excited by 
neon. Colours, suitable for interior lighting, 
may be produced at efficiencies comparable with 
those of the tungsten lamp. 

Whereas high-tension current is required for 
cold-cathode tubes, ordinary 200-240-v. sup- 
plies will operate the more recently developed 
“ hot-cathode ” tubes. In these the electrodes 
consist of alkaline-earth oxides which are main- 
tained in a hot, electron-emitting condition. 
High current-densities thus become possible, so 
that compact units of high luminous output are 
practicable, greatly exceeding in candle power 
cold-cathode lamps of the same dimensions. 
Tubes filled with neon at a few millimetres 
pressure radiate orange-red light with an effi- 
ciency considerably in excess of that afforded 


by tungsten-filament lamps and coloured filters. 
Such tubes have found application as beacon 
lights on aerodromes and in lighthouses, on 
account of the high mist- and fog-penetrating 
power possessed by the neon light ; they have 
also been employed in floodlighting and decora- 
tive lighting, and in horticulture where irradia- 
tion wif h red light is said to hasten the growth 
of plants. 

Noon, and in part argon, are further used as 
filling gases for modem metal- vapour lamps. 
When the cold lamp is switched on, the rare gas 
allows passage of the current, which is later 
continued by the metal (sodium or mercury) 
after its vapour pressure has been raised 
sufficiently by heating the lamp. 

C. R. H. 

“ NEON A V\ 5 - Ethyl - 5 - w - butylbarbituric 
acid. “ Eoveryiy Sedative and hypnotic. 
B.P.(^ {v. SyNTiiETin Drugs). 

8. E. 

NEONITE (r. Vol. IV, 51%). 

NEOPINE {v. Opium). 

“ N EOSTIBOSAN ’ ’ . llicthylamine p-amino- 
phenylstibinatc. Used in treatment of Kala- 
azar. B.P.C. {v. Synthetic Drugs). 

S E 

NEOSYNEPHRINE HYDROCHLO- 
RIDE. I • a - Hydroxy - - methylamino - a - 

m-hydroxyphenylethane hydro<‘hloride. Vaso- 
constiictor-active when administered orally 
{v. Synthetic Drugs). 

S E 

NEPHELINE. A inembe^r of the fels- 
})athoidal group of rock-forming minerals that 
form insfead cd felspars in certain igneous rocks 
rich in alkalis and poor in silica. Jt is a sodium 
potassium aluminium silicate, essentially 

(Na,K)(AI,Si) 204 , 

the amount of potassium being usually low, 
KgO not exceeding 7% ; calcium may also be 
present. .Artificial nepheUne, NaAiSiO^, con- 
tains NagO 21-8, AlgOg 35-9%. The natural 
mineral crystallises in the hexagonal system and 
occurs in two varieties. “ Glassy ” nepheline, 
found in recent soda-rich lavas, forms small 
colourless prismatic crystals, hut the much 
more common “ greasy ” variety, often called 
elaiolitey is nearly always massive or granular, 
is of a grey, greenish or reddish colour, and 
occurs in plutonic rocks, such as nepheline 
syenite. Nepheline fuses easily to a colourless 
glass, colours the flame a strong yellow, and is 
readily decomposed by acids with gelatinisation. 
p 2-55-2‘65, hardness 5J-6. It is rarely found 
in rocks that contain quartz. Extensive masses 
of nepheline-syenite occur in the Kola Peninsula, 
U.S.S.K. (locally associated with apatite), Nor- 
way, South Africa, and in the Bancroft district 
of Ontario where jiegmatites often yield large 
masses of almost pure nepheline for industrial 
use. 

During the past decade nepheline has been 
gaining favour at the expense of felspar sis a* 
source of aluminium in the glsiss industry for 
addition to the glass batch. Most of the 
nepheline used in this way comes from Ontario, 
whose export of nepheline-syenite in 1940 
amounted to about 20,000 tons. The Eussians 
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utilise nepheline from Kola as a substitute for 
bauxite in the manufacture of metallic alumi- 
nium, and in various other industries including 
ceramics, leather, textiles, and rubber. 

D. W. 

NEPHELOMETRY AND TURBIDI- 
METRY. 

Definitions and Scope. — ^Nephelometry is 
usually taken to mean the photometric measure- 
ment of the light scattered by a medium such as 
a cloud or a suspension in a liquid. It should 
be distinguished from turbidimetry, which con- 
sists in the measurement of the light transmitted 
by such a medium. The transmission of a 
turbid medium is reduced because of the loss of 
light that is scattered, so that turbidimetry and 
nephelometry are complementary methods of 
examining the same phenomenon. 

This distinction has not always been so clearly 
made, but definitions of turbidimetry and 
nephelometry on these lines have now been 
recommended by a committee appointed by the 
Society of PubUc Analysts (Analyst, 1942, 67, 
164). The two types of measurement are made 
for similar purposes and by somewhat similar 
instruments, so that it is convenient to consider 
the two subjects together in this article. 

A number of turbidimeters and nenhelometers 
will bo first described, and some of <;he relevant 
properties of scattering media will be mentioned ; 
then reference will be made to a number of uses 
to which the methods of nephelometry and 
turbidimetry may be put. 

Turbidimeters. — Any instrument that can 
be used for colorimetry (in the chemical sense) 
can also be used for turbidimetry. For example, 
the Duboscq colorimeter {v, Vol. Ill, 303d), the 
Pulfrich photometer {v. Vol. Ill, 304d), and the 
*Lovibond tintometer {v. Vol. Ill, 3026) can be 
used for this purpose. Any of the various types 
of photoelectric colorimeter may also be used 
as turbidimeters ; there are a number of types 
of such instruments on the market, and descrip- 
tions of several are given by Guild (J. Sci. Instr. 
1938, 15, 66) and MuUot (Ind. Eng. Chem. 
[Anal.], 1941, 18, 667). 

A very simple turbidimeter of the visual type 
that may be used for turbidities of, say, natural 
or industrial water, consists of a column of 
liquid of adjustable depth, in a tube with a clear 
glass bottom, below which is a lamp. The 
depth of the column is increased until the lamp 
filament as seen through it just disappears, and 
conversely the depth is decreased until the fila- 
ment just appears. The mean of the two depths 
of liquid then gives a measure of its turbidity. 
One such instrument is described by Parr and 
Staley (Ind. Eng. Chem. [Anal.], 1931, 8, 66). 

Nephelometers, — In most nephelometers 
the light scattered from two specimens is com- 
pared. One of these is a standard, the other 
being a specimen under examination. The 
standard may be a plate of ground glass, etc., 
or other permanent material, but more often is 
a solution of the same type as the test specimen. 
In visual instruments, a}^ least, the method of 
use is to adjust the intensity of the incident 
light (or, in some instruments, of the scattered 
light) for one of the specimens, until the two 
scattered beams are matched in intensity. ' 


In one of the earliest forms two tubes were 
used with their axes coinciding at the observer’s 
eye (Richards, Proo. Amer, Acad. Arts. Sci. 
1894, 80, 386). The tubes were illuminated 
from the side, and the lengths of each tube 
illuminated were adjusted by sliding opaque 
sleeves up and down the tubes until the in- 
tensities of scattered light from the two tubes 
were judged to be equal. 

Current forms of nephelometer based on this 
principle are analogous to the Duboscq type of 
colorimeter {v. Vol. Ill, 303, Fig. 3). In this 
case the walls of the cups are of clear glass and 
have black glass ends. The cups are illuminated 
from the side by a special lamp-house and 
viewed, as in the colorimeter, from the top. 

The effective length of illuminated column is 
adjusted by means of the usual raising and 
lowering plungers, which must, in this case, 
have opaque sides with clear glass ends. Com- 
mercial forms of this nephelometer are usually 
arranged so that they can readily be converted 
into colorimeters. 

A micro-form of this type of nephelometer has 
been described, which requires only 3-6 c.c. of 
liquid (Kloinmann, Biochem. Z. 1923, 187, 148). 
In this the cylindrical cups holding the liquids 
under test are of small diameter and are im- 
mersed in rectangular glass cells of liquid, so 
that a uniform beam may bo transmitted through 
the large curvature of the waU of the cup. To 
secure a sensitive measurement for small in- 
tensities of scattered light, it is necessary to 
ensure that the instrument is well provided with 
diaphragms, so that the field of view is only 
illuminated by the scattering solution imder 
test, and that the effect of light scattered from 
the base or walls of the cups is reduced to a 
minimum. With this condition obtaining, a 
high intensity of illumination will help to give 
good sensitivity in comparing very small 
turbidities. 

This latter principle was followed in a sensitive 
nephelometer which was specially designed for 
comparison of the light scattered by different 
optical glasses. In this instrument high- 
powered lens systems formed images of a carbon 
arc inside two glass specimens to be compared. 
These images were viewed in a direction at 
right-angles to that of the incident beams, and 
an adjustable aperture in one beam was used for 
matching the intensities of the two. 

Several instruments have been described (Ind. 
Eng. Chem. [Anal.], 1936, 7, 262; J. Sci. 
Instr. 1939, 16, 99) which use one scattering 
solution only, and bring together into the 
two halves of a photometric field the light 
scattered by a solutioii and the light trans- 
mitted through it, respectively. An adjustable 
optical wedge (or similar device) in the trans- 
mitted beam serves to match the two halves of 
the field. In this way the ratio of transmitted 
to scattered light is measured. For a given in- 
crease in concentration of scattering material 
in a liquid, the scattered light is increased and 
the transmitted light reduced, so that the change 
in the ratio is greater than the change in eitli^ 
of the separate quantities determined by d'lW of 
the previously described instruments. This 
instrument should therefore be particularly 
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useful in the determination of small changes of 
turbidity. It has the further advantage that 
no comparison standard is necessary in routine 
use of the instrument. (Of course standard 
solutions are required in initial calibration of 
this as of other instruments.) 

The Pulfrich photometer {v. Vol. Ill, 305, 
Fig. 4) can be arranged with side illumination 
for specimen tubes, when it is required to be 
used as a nephelometer. In this case the in- 
tensity of one of the scattered beams is reduced 
by the adjustable aperture of the photometer. 

Modern forms of the Lovibond Tintometer 
{see Fawcett and Hewitt, J.S.C.l. 1939, 58, 342) 
may be used for nephelomotry. The scattering 
solution, illuminated from the side and observed 
from the front, forms one half of the photometric 
field. The other half of the field is illuminated 
by light reflected from a magnesium oxide plate, 
which passes through a fixed neutral density to 
reduce its intensity suitably, and also through 
the Tintometer colour slides. Any colour 
difference in the two halves of the field is first 
corrected by the use of the colour slides, and 
then the intensities are matched by means of the 
“ obturator ” vane, the scale of which reads 
directly in densities. 

The various photo-electric fluorimeters that 
have been designed (a number of these arc 
described by Muller, Ind. Eng. Chem. [Anal.], 
1941, 13, 6G7) may also bo used as nephelo- 
meters. 

Rayleigh’s Law of Scattering. — Before 
proceeding further it will be convenient to state 
Rayleigh’s equation for the intensity of scattered 
light, because, although of limited application, 
it forms a convenient starting point for dis- 
cussing the properties of suspensions. 

Rayleigh’s law was deduced for the case of 
non-conducting particles that are small com- 
pared with the wave-length (A) of the incident 
light. This law may be stated as : 

Z,//o={K-n)M‘’(l+ cos'*^ j3)(7raF2/AV2) 

where Iq is intensity of the incident beam ; 

Ig is the intensity of the light scattered 
at an angle j3 to the direction of 
incidence ; 

a is number of particles per mii t volume ; 

V is the volume of a particle ; 

r is the distance of the observer ; 

n' is refractive index of suspended 
material ; 

n is refractive index of medium. 

The implications of this law in relation to 
nephelometrio measurements will be developed 
in the following sections. 

Applications of Nephblometry. 

Determination of Concentration. — ^The 
most usual use for any of the nephelometers 
and similar instruments described above is for 
the determination of the concentration of an 
insoluble substance such as, for example, silver 
chloride* The method is not absolute, that is to 
say an instrument must first be calibrated by 
taking measurements with a series of known 
ooncentrations of the material in question. 
Bkoe the measurements are afieoted many 


factors it is most essential that in all this work 
a technique should be carefully worked out that 
will give reproducible results, and that this 
technique should be then rigidly adhered to. 
A number of factors that influence these measure- 
ments and which will be discussed in turn are : 

1 . Solubility of the precipitate. 

2. Nature of liquid. 

3. Particle size. 

4. Use of protective colloid. 

5. Colour of the suspended material. 

1. The sensitivity of the nephelometric method 
is in general limited, not by the sensitivity of 
the nephelometer, but by the solubility of the 
material in question. Thus, for example, the 
solubility of silver chloride in water is of 
the order of one part per million, so that in 
the estimation of chlorine nephelometrically as 
silver chloride a greater dilution than this cannot 
be detected; at higher concentrations, only a 
fraction of the chloride present is precipitated 
as silver chloride. Nevertheless, if calibration 
measurements are made on known solutions a 
curve can be prepared showing the relation 
between instrument reading and total chloride, 
not merely the portion in suspension. This 
curve can then bo used for the analysis of un- 
knowns prepared in exactly the same way as the 
standards. In this connection it must, of 
course, be remembered that the solubility of the 
silver chloride will be affected by the tempera- 
ture and the nature and quantity of other 
materials in solution. 

2. The nature of the liquid that holds the 
suspension is also a factor for consideration. 
Apart from the effect of variations of solubility 
with different liquids, as discussed above, the 
refractive index of the liquid (as also that of the 
suspended material), affects the intensity of 
scattered light. By Rayleigh’s formula (abovt./ 
the intensity of scattered light is greater the 
greater the difference of refractive index between 
suspension and liquid. Thus it has been found 
that the light scattered by a barium sulphate 
suspension in glycerin is less than that scattered 
by the same suspension in a mixture of glycerin 
and water. 

3. It is seen from Rayleigh’s law that for 
particles small compared with the wave-length 
of light, the scattered light is proportional to the 
number of particles and the square of the volume 
of a particle, i.e., to aa”, where a is the diameter 
of a particle. But since the concentration (in 
units of mass) is proportional to oa^, the 
scattering is proportional to the product of 
concentration and the cube of the particle size. 
Thus, at constant concentration, for very small 
particles (e.gr., molecules in solutions) the scatter- 
ing is small but increases very rapidly with 
increasing particle size. 

When the particle is not small compared with 
the wave-length of the incident light, Rayleigh’s 
law no longer applies. For particles large com- 
pared with the wave-length of light it is obvious 
that the scattering is proportional to the surface 
area of particles, t.e., to aa^*s=aa®/a«=conoentra- 
tion/diameter. In this range, therefore, for 
constant concentration the scattered light 
decreases with increasing radius. It is thus 
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obvious that there is some size or range of sizes 
in which the scattered light has a maximum 
intensity. 

Owe (Kolloid-Z. 1923, 32, 73) made nephelo- 
metric measurements with barium sulphate 
suspension of varying sizes, and showed, that for 
particles below 0-5p. diameter the scattered 
light increased with increasing particle size, 
whereas for larger particles, of above l-Op. dia- 
meter, the scattering decreased with increasing 
diameter. The theory given above is thus 
confirmed, but unfortunately Owe does not 
show complete results for the range of sizes 
between 0-5/x. and l*0/x. where neither of 
the above considerations apply. 

It is therefore obvious that to obtain reliable 
nephelometric measurements of concentration, 
particle size must be controlled by proper 
methods of forming a suspension. Important 
factors in this connection are temperature, con- 
centration of reagents, method of mixing, time 
between mixing and measurement, etc*. 

4. Colloidal solutions may be divided into two 
types ; (a) emulsoids — known variously as 

hydrophilous, hydrophilic, gelatinising, etc. — 
which can exist in appreciable concentration 
without losing their colloidal nature ; and 
{b) suspensoids, which are non -gelatinising, 
anhydrophilous, hydrophobic, etc., and which 
coagulate when their concentration is incTeased. 
Appreciable concentrations of suspensoids could 
not be used in nephelometric work but for the 
fact that the addition of a colloid of the emulsoid 
t 3 rpo will inhibit the coagulation. This added 
emulsion is known as a protective colloid. (In 
some cases where the two materials carry 
opposite electric charges, the added emulsoid 
may instead produce coagulation.) The general 
effectiveness of an emulsoid as a protective 
colloid is specified by its “ gold number ” (v. 
Vol. Ill, 2876). The gold number is determined 
by the effectiveness of an emulsoid in preventing 
the increase in particle size of a gold solution, 
which is indicated by the colour change from 
red to blue. Quantitatively the gold number is 
equal to the weight in milligrams of dry material 
which, added to 10 c.c. of gold sol. (concentra- 
tion 0*0065%), is just sufficient to prevent the 
red-to-blue colour change on addition of 1 c.c. 
of 10% sodium chloride solution. Thus the 
smaller the gold number, the greater is the 
protective action of an emulsoid. Gold numbers 
for typical protective colloids are gelatin 0*005, 
gum arabic 0*15-0*25, potato starch 25. i 

6. The light scattered or transmitted by a < 
solution being measured nephelometrically or i 
turbidimetrically (respectively) will often be j 
coloured. Owing to the selective effect of ] 
Rayleigh’s law, according to which the scatter- j 
ing is proportional to A-^, the shorter wave- < 
lengths (blue) of a beam of white light will ( 
suffer greater scattering than the longer wave- 1 
lengths (red), so that the scattered beam will ] 
appear bluish while the transmitted will be 
yellowish. In some cases the beams will be ( 
mpre definitely coloured, as in the case of gold i 
solutions, for example, which are strongly ] 
coloured (Rayleigh’s law does not apply in this i 
case because the particles are electrically con- 
ducting). In the case of suspensions of larger 


* particle-size the materials may have their own 
i characteristic colours, c.j/., lead sulphide or 

potassium cobaltinitrite.. 

It is, of course, imx)ortant that conditions of 
> formation of the suspensions are so standardised 

• that there is no variation of colour betv/een one 
I sample and another, otherwise results may not 
, be comparable. 

Another point to (consider is the colour of the 
; liquid in which the particles are suspended. 
Thus for example potassium may be estimated 
turbidimetrically as potassium cobaltinitrite by 
addition to a solution of a potassium salt of an 
excess of sodium cobaltinitrite. This latter is 
yellow, and it is important that the quantity 
used be definite, otherwise the transmission of 
the suspension will not depend only on the con- 
centration of suspended material. In this 
example use of a red colour-filter in the mea- 
suring beam is a great advantage, because the 
yellow so<lium salt in solution absorbs very 
little red light, so that the effect of variation in 
the concentration of this is then much less 
important. 

iStandardiimtion. — From all that has been said 
above, it is obvious that the essential of all 
nephelometric and turbidimetric work is the 
(*alibration of a method before use with the 
instrument to bo used, and the standardisation 
of conditions so that the obtaining of repro- 
ducible results is ensured. Thus many workers 
limit themselves oven to a definite manner of 
shaking a solution after mixing the components 
to ensure a suspension of reproducible particle- 
size. 

A valuable example of the work required to 
determine the proper (ronditions for obtaining 
good nephelonu'tric results, is to be found in a 
paper by Lamb, Carleton, and Moldrum (J. 
Amer. Chem. Soc. 1920, 42, 251) on silver 
chloride. All their measurements were made 
against a standard suspension of “ kiesolgiihr ” 
that had been allowed to stand for some days, 
so that <;()arse particles had settled out and no 
further change would take place during its use. 
The paper is concerned with the concentration 
of silver chloride that gives the best reproduci- 
bility of measurements with the particular 
nepheloraeter in use ; this was found to be 

9x 10—'’ M. 

It was found that some time must elapse for 
the particles to grow to a stable size, during 
which time the opalescence increases. If the 
solution is left at room temperature, maximum 
opalescence is not reached for 60 minutes, but 
it is found that if the solution is heated to 40®c. 
for 30 minutes and then cooled, the opalescence 
has reached a maximum value ; this does not 
afterwards decrease by further coagulation, 
except when stronger solutions are used 
(30 X 10~® M.), when it was found to be important 
to examine the solutions not longer than half-an- 
hour after cooling. 

In the case of silver chloride, which is of course 
sensitive to light, it was found important to keep 
the solution in the dark, except during the actual 
measurement, otherwise the opalescence was 
found to be decreased. 

Determination of Particle Size. — The 
variation of scattered light with particle size 
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has already been discussed, but this does not 
seem to have been used as a means of deter- 
mining particle size. The complementary 
property, viz. variation of transmitted light 
with particle size, is being used, however, for 
this purpose. Consider a dilute suspension of 
opaque particles which are large compared with 
the wave-length of light ; suppose there are n 
particles per c.c., each of diameter a. Consider 
a beam of light of intensity / traversing an de- 
ment of the suspension of length &l in the direc- 
tion of the beam and of unit area in a per- 
pendicular direction. For a dilute suspension 
it can be assumed that the particles are not 
obscuring one another, and so the fra<!tion of 
light stopjx^d (d///) by the particles is equal to 
the ratio of the i)rojocted area of the particles 
to the whole area of the beam, which is unity. 
Thus: 

d//i-(7ra2/4)ndZ, 

or, integrating over a fine length I of the sus- 
pension, 

log (/o//)=-(77a-/4)n? 

where /q and I are the intensities of the incident 
and emergent beams, respectively. 

(It should be noted that a dilute suspension 
of opaque particles has been assumed, and the 
effect of light scattered by the particles emerging 
as part of the transmitted beam has been 
neglected. A considerable amount of work has 
been done on this subject, and it has been found 
that while the above equation holds in many 
cases, its validity should be checked for each 
particular type of particle.) 

Measurement of the transmission of a sus- 
pension, by a suitable colorimeter or turbidi- 
meter, thus allows a determination of By 
filtering and weighing the ratio na^/(weight) 
—■na^pnjij can be determined. Thus the two 
determinations permit a calculation of n and a 
separately. On allowing the suspension to 
settle, the larger particles fall more rapidly, and 
by measuring the transmission at various time 
intervals it is possible to determine the numbers 
of particles of various sizes, i.e., the size distri- 
bution. 

Such measurements of particle size for a 
number of minerals have been made by Hay- 
wood (Proc. Inst. Mech. Eng. 1938, 267), and 
for cements by Wagner (Proc. Amer. Soc. Test. 
Mat. 1933, 33, 553). (See also papers by 
Richardson, J. Sci. Instr. 1936, 13, 229; Proc. 
Physical. Soc. 1943, 55, 48; Sharratt, Van 
Someren, and RoUason, J.S.C.I. 1945, 64 , 73.) 

Miscellaneous Applications. — Photo- 
graphic methods of photometry normally depend 
on comparing or measuring the light transmitted 
by different parts of an exposed plate. This is 
strictly a turbidimetric measurement, but photo- 
graphic densitometry is really a subject of its 
own and cannot be adequately discussed in the 
limits of this article. It may be mentioned, 
however, that in the case of weak exposure of a 
plate such that the density after development is 
too small to serve as a useful measure of light 
intensity, an appreciable amount of light is 
scattered by the plate, and measurement of 
scattered light by nephelometric means can 
terve as a means of measuring the intensity of 


light used to expose the plate. It has been 
shown (Brentano, Baxter, and Cotton, Phil. 
Mag. 1934, [vii], 17, 370) that for suitable con- 
ditions of plate blackening and of nephelo- 
metric set-up the scattered light is proportional 
to the exposure. 

Other applications are to solutions of sugar, 
syrup, beer, etc., where measurements are made 
from consideration of appearance rather than 
actual determination cf suspended impurities. 
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NEPHRITE (p. Vol. VII, 766). 

NEPOUITE (p. Vol. V, 430a). 

NERADOL (p. Vol. VII, 257c). 

NERAL (p. Citral 6, Vol. Ill, 184a). 

NEROL (P. Vol. V, 518a). 

NEROLI, ESSENTIAL OIL OF. Oil 
of Orange Flo2vers. The oil distilled from the 
fresh flowers of bitter orange Citrus bigaradia 
Risso, Fam. Rutacejc. Most of the oil is distilled 
in the South of France, particularly in the Alpes- 
Maritimes. Two crops are gathered in the year 
in May and October ; Spain, Italy, Sicily, and 
Tunis all produce the oil in small quantities. 
The oil is used in the manufacture of Eau de 
Cologne and other perfumes. The residual 
aqueous distillate is sold as orange-flower water. 

Constituents. — The chief aromatic constituents 
are acetic esters of nerol, linalol, faniesol, 
geraniol, and phenyl ethyl alcohol. Methyl 
anthranilate is the body which has the charac- 
teristic odour of neroli oil and is present to 
the extent of 0*4-1%. Other constituents 
are terpineol, decylaldehyde, jasmone, indole, 
phenylacetic acid, and a trace of paraffin hydro- 
carbons. 

Vhuracter3.—p\ll 0-870-0-895, [a]“ +2° to 
+ 6° (occasionally higher) 1 -468-1 '477. 

Esters, calculated as hnalyl acetate, 8-20%. 
The oil obtained by redistillation of orange - 
flower water has a higher content of methyl 
anthranilate (from 6 to 6 per cent,). 

The oil from the fresh flowers of the sweet 
orange is sometimes distilled and has a similar 
composition. 

0TB 

d-NEROLIDOL, 

MeoC:CH*[CH»VCMe:CH*[CH2V 

C(OH)MeCH:CH5j 

HX:CMe*[CHa]8*CMe:CH[CHa]a* 

C(OH)Me*CH:CHjj, 

b.p. 125-12774*5 mm., 0*880, 1*4802, 

[a3i> -)- 12*48®, occurs in neroli oil{Citrus bigaradia) 
and in Peru balsam (v. Tebpenes). 

J. L. S. 

NERVON (V. Vol. Yll, md). 
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NESSLER’S REAGENT. 


NESSLER*SREAGENT(t;. Vol. II, 672c). 

NEURINE (V. Vol. Ill, 94a). 

NEUTRON (Sym. jn). The neutron is one 
of the fundamental particles. It is electrically 
neutral and its mass, obtained from measure- 
ments on the disintegration of deuterium by 
y-rays (Chadwick, Feather, and Bretscher, 
Proc. Roy. Soc. 1937, A, 163, 366) is 1-00894 
±0-00002 mass units (scale '*^0“ 16-00000). 
This is 0-00081 mass unit greater than the mass 
of the hydrogen atom, and therefore the free 
neutron is expected to be unstable, trans- 
forming into a proton and an electron, with a 
“ half-hfe ” of a few hours. The neutron spin 
is a half-integral multiple of #i/27r and, like that 
of the proton and the electron, is probably equal 
to J(li/27r). As would be expected from its half- 
integral spin, the neutron obeys Fermi-I)irac 
statistics (i.e., the Pauli exclusion principle holds 
for neutrons) (Bethe and Bacher, Rev. Mod. 
Physics, 1936, 8 , 89). The neutron magnetic 
moment has been directly determined (Alvarez 
and Bloch, Physical Rev. 1940, [ii], 57, 111) 
to be — l-OSg ±0-02 nuclear magnetons. 

Discovery. — The existence of a “ neutron ” 
had been predicted many times before its dis- 
covery, one of the most accurate and definite 
statements on its expected properties being 
made by Rutherford (Proc. Roy. Soc. 1920, A, 
97, 396). The discovery arose from studies in 
the artificial disintegration of light nuclei, using 
the high-energy a-particles emitted by some of 
the naturally occurring radioactive elements 
(radium, polonium, etc.). Bothe and Becker 
(Z. Physik, 1930, 66, 289) found that beryllium, 
when bombarded with high-energy a-particles, 
emitted a penetrating radiation which they con- 
sidered to be a very energetic y-ray. Curie and 
JoUot (Compt. rend. 1931, 193, 1412, 1415) 
noticed that this radiation ejected protons from 
paraffin wax, and concluded that, if a y-ray, its 
energy must be of the order of 60 me.v. (fifty 
million electron-volts). Finally, by studying 
collisions between the beryllium radiation and 
nuclei of various masses, Chadwick (Nature, 
1932, 129, 312) proved that it consisted of heavy 
neutral particles of mass approximately equal 
to that of the proton. 

The Neutron as a Structural Unit of 
the Nucleus. — The nucleus of an atom of 
atomic weight A and atomic number Z contains 
Z protons and (A—Z) neutrons. Strong attrac- 
tive forces must exist between these particles 
in order to overcome the electrostatic repulsion 
between the protons. These forces show satura- 
tion properties, that is a nuclear particle inter- 
acts with only a limited number of other 
particles in the nucleus, and this suggests a 
similarity to the valency bonds betVreen atoms. 
By analogy with the homopolar bond, nuclear 
forces are considered to be caused by the ex- 
change of light particles between the heavy 
nuclear particles. These light particles should 
have a mass intermediate between the masses 
of the electron and proton, and may be similar 
to the mesons of cosmic rays (see *Bethe and 
Bacher, Rev. Mod. Physics, 1936, 8 , 83 ; 
Peierls, Ann. Rep. Progr. Physics, 1939, 6, 78). 

Interaction of Neutrons with Matter. — 

The forces between neutrons and electrons are 


very small, and therefore neutrons lose little 
energy when passing through the extra-nuclear 
structure of atoms. It is mainly by collisions 
with nuclei that neutrons are scattered or 
absorbed, and therefore lose energy. Because 
of the small “ size ” of the atomic nucleus 
(10~^- cm., cf. atomic dimensions, 10"'^ cm.), a 
neutron will, in general, traverse relatively 
largo thicknesses of matter before making a 
collision, when, being uncharged, it c.in easily 
penetrate into the nucleus to form a “ com- 
pound ” nucleus (Bohr, Nature, 1936,137, 344). 
The binding energy of a neutron in an average 
nucleus is of the order of 8 me.v. ; this energy, 
plus the kinetic energy of the incident neutron, 
will be available for the general excitation of the 
compound nucleus, which is therefore in a 
highly excited state, at least 8 me.v. above the 
ground state. A short time after its formation, 
the excited compound nucleus either reverts to 
the ground state by the emission of y-ray quanta 
or disintegrates by emission of heavy particles. 
In discussing these processes it is convenient to 
divide neutrons into two classes, slow and fast, 
with a dividing line at approximately 1,000 e.v. 

Fast Neutrons. — For incident neutrons of 
energies up to 6 me.v. the most probable modes 
of de-excitation of the compound nucleus are 
by emission of a neutron of lower energy (the 
inelastic scattering process) or, in light elements, 
by emission of a proton or an a-particle. For 
neutrons of higher energies, more than one 
neutron can be emitted, and charged particle 
emission can take place in heavier nuclei. A 
rare alternative mode of de-excitation for all 
fast-neutron energies is by y-rays, and an 
alternative in heavy elements (thorium, pro- 
tactinium, uranium, neptunium (?), plutonium) 
is fission. 

The quantum levels of the compound state 
formed by capture of a fast neutron form a 
continuum. Therefore the probability of cap- 
ture in this energy region, as a function of 
neutron energy, shows no pronounced maxima 
or minima ; but if charged particles are emitted, 
a number of discrete energies only may appear, 
due to resonance penetration of the potential 
barrier opposing their exit. The cross-sections 
for fast-neutron processes, all of which may lead 
to radioactive products, are of the order of 
sq. cm. ; that is, the mean free path of a 
fast neutron in a solid is approximately 10 cm. 

Another t}™ of fast-neutron process of the 
same order of importance, but not involving a 
compound nucleus, is that of elastic scattering. 
In this process kinetic energy and momentum 
are conserved, so that marked loss of neutron 
energy results only from collision with light 
nuclei. 

Slow Neutrons. — By passing fast neutrons 
into a medium containing light nuclei, it is 
possible to slow down the neutrons to energies 
as low as 1/40 e.v. If the light nuclei do not 
capture these low-energy neutrons a “ gas ** 
of slow neutrons is produced, in thermal equili- 
brium with the nuclei of the medium. Heavy 
water and graphite are media which, most com- 
pletely, produce this effect; ordinary water 
and paraffin wax are often us^ as slowing-dowm 
media, but the protons capture neutrons to ft 
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certain extent so that complete “ thermal 
equilibrium ” cannot be attaint. 

Capture of these slow neutrons by nuclei now 
leads to a compound state the excitation energy 
of which is about 8 me.v. (the neutron binding 
energy) plus, at most, a few electron volts (the 
kinetic energy) . In this excitation -energy region 
the quantum levels of the compound nucleus are 
sharp and distinct [1/10 to a few electron volts 
wide, and separated by about 100 e.v. in medium 
and heavy nuclei (Bohr, lx.)]. The probability 
of capture of slow neutrons shows, therefore, 
strong maxima when the neutron energy plus the 
binding energy corresponds to a quantum level 
of the compound nucleus. In addition, because 
of the large de Broglie wave-length of slow 
neutrons, the captive cross-sections are much 
greater than those of fast neutrons and can be as 
much as 10,000x10^2^ sq. cm.; that is, the 
mean free paths are of the order of 0*01 mm. 
[E.g.f the captive cross-sections for absorption 
of thermal (^1/40 e.v.) neutrons are 3,000 
X 10~24 gq. cm. for cadmium and 30, 000 x 
sq. cm. for gadolinium.] 

De-excitation from these levels almost in- 
variably takes place by y-ray emission. Lithium 
and boron, however, emit a-particles, and 
nitrogen emits protons, following capture of 
slow neutrons, and fission occurs in and 

2fjPu. This property of (i.e., that it is 

capable of fission by slow neutrons) has enabled 
chain reactions to be established in mixtures of 
uranium and graphite or heavy water. 

Production of Neutrons. — One of the most 
convenient sources of neutrons is beryllium 
undergoing bombardment by a-particles or by 
y-rays. a-Partiole bombardment is usually 
carried out by intimately mixing a radium salt 
with beryllium, and y-ray bombardment by sur- 
rounding radium with a block of beryllium. 
The successful development of methods of 
accelerating charged particles to high energies 
(high-voltage machines, cyclotrons, etc.) has 
led to the production of neutron sources of high 
intensity and having other desirable properties. 
The bombardment of a deuterium target by 
deuterons yields mono-energetic neutrons. High- 
energy deuteron bombardment of beryllium gives 
a very intense neutron source, and from deuteron 
bombardment of lithium in a medium-sized 
cyclotron, neutrons with energies up to 26 me.v. 
can be obtained. (For deta^ of these and 
other reactions, see Livingston and Bethe, Rev. 
Mod. Physics, 1937, 9 . 290). 

The fission of uranium is accompanied by the 
emission of two or three neutrons per nucleus 
(see, for e:i^ample, von Halban, jun., Joliot, 
and Kowarski, Nature, 1939, 148 , 470, 680). 
These neutrons are captured by uranium or 
other nuclei or escape through the sides of the 
block of material used. However, in a reacting 
pile the equilibrium neutron-density can be 
several orders of magnitude greater Jyhan that 
which can be obtained by other means (see 
Sim^, Rev. Mod. Physics, 1946, 17 , 361). 

Detection of Neutrons.— The most con- 
venient way of making measurements on fast 
i^eutrons is to use a hydrogen-^ed detector 
(c^nd chamber, ionisation chamber, etc.). The 
neutrons transfer a part, or all, of their energy 


to the hydrogen nuclei, and the energies and 
number of the recoil protons can be related to 
the neutrons producing them. The efficiency 
for fast-neutron detection in the usual type of 
instrument is low — of the order of 10“®. Slow- 
neutron measurements are usually made with 
ionisation chambers containing boron or 
hthium, which emit a-particles after capturing 
a slow neutron ; the efficiency of detection of 
slow neutrons can be made unity. Alternatively, 
the radioactivity induced in an element is often 
used for slow-neutron, and occasionally for fast- 
neutron detection. Manganese and dysprosium 
are common slow-neutron indicators. 

Practical Applications of Neutrons. — 
The ease with which neutrons penetrate into 
the nuclear structure makes them the most im- 
portant particles with which to investigate this 
structure. The high neutron-intensities in a 
uranium pile will make possible the production 
of very large amounts (thousands of curies) of 
artificially radioactive substances, of great im- 
portance as tracers in physical, chemical, and 
biological studies. Those artificial radioactivi- 
ties will also be of great value, and replace 
radium, in radio-therapy. It may be, aho, that 
inadiation of tissues by fast neutrons will prove 
useful in the treatment of cancer {see next 
section). 

Biological Effects of Neutrons. — The 
biological effects of fast neutrons are mostly 
due to the ionisation produced in living tissue by 
recoil protons, which have been given energy 
by collision with the fast neutrons. The effects 
are similar in quality to those due to X- or y- 
rays, but are several times more powerful, if 
referred to equal numbers of ions created per 
unit volume of tissue. The enhanced action is 
thought to be due to the high density of the 
ions in the proton tracks as compared with the 
lower density in the electron tracks due to X- 
or y-ray irradiation. The action of slow neutrons 
is much less than that of fast neutrons, and is 
largely due to y-rays emitted following their 
capture by the atomic nuclei of living tissue. 
Attempts have been made, with inconclusive 
results, to improve cancer therapy by using fast 
neutrons from a cyclotron instead of X- or y- 
rays (^ee Spear, J. Sci. Instr. 1946, 22, 21 ; 
for a general account, see D. E. Lea, “ Actions 
of Radiations on Living Cells,” Cambridge 
Univ. Press, 1946). 
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NICCOLITE. Nickel arsenide, NiAs. 
Small amounts of iron, cobalt, and sulphur are 
often present, and by increasing replacement of 
of arsenic by antimony the mineral grades into 
breithauptite (NiSb). Niocolite crystallises in 
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the hexagonal system, but crystals are rare, and 
the mineral is usually massive, reniform, with 
a columnar or reticulated structure. It has a 
distinctive pale copper-red colour with metallic 
lustre (hence called Kupjernickely copper- 
nickel), and brownish-black streak. By its 
greater hardness (5-5^), and brittleness it is 
readily distinguished from native copper. 
p 7*78. Niccolite emits arsenical fumes of 
garlic -like odour when heated on charcoal, and 
gives the nickel test with dimethylglyoxime. 
The mineral is often c.oated with a pale-green 
decomposition film of annabergite (nickel 
bloom), NigAsgOg.BHgO. 

Niccolite is a minor source of nickel, notably 
in the copper-bearing shales of Mansfeld in 
Germany, and in the nickeliferous pyrrhotite 
ores of Sudbury, Ontario ; it is also frequently 
present in vein deposits containing cobalt and 
silver minerals. 

D. W. 

NICKEL. Sym. Nl. At. wt. 58-69. At. 
no. 28. Isotopes 58, 60, 61, 62, 64. 

Although the Chinese have used a nickel- 
copper-zinc alloy for over 2,000 years, nickel 
was not discovered until 1751, when Cronstedt 
found the element in niccolite, obtained from a 
Swedish cobalt mine. Bergman isolated the 
metal and produced the first pure nickel in 
1775. The properties of nickel were described 
by Richter in 1805. 

MINING, SMELTING AND REFINING. 

Distribution of Ores. — Ores containing 
nickel occur in many parts of the world and 
numerous deposits, chiefly low-grade, were 
worked in the nineteenth century. World pro- 
duction in 1870 was about 500 tons, mostly 
obtained from Norway. Germany, Scandinavia, 
Austria, and Peimsylvania produced smaller 
quantities. Russian nickel -mining dates from 
1866 and small, low-grade deposits in the Urals 
have been worked intermittently since then, but 
the output has always been small. Ores from 
New Caledonia were exported to Europe in 
1875 and shortly afterwards production began 
in Canada, where large, rich deposits had been 
found earlier in the century. A potentially im- 
portant mine near Petsamo, Finland, was in the 
development stage in 1939. Low-grade ore 
bodies are also being developed in Brazil and 
Cuba to produce ferro-nickel. Mayari pig, a 
low nickel- bearing iron, has been obtained from 
Cuban properties for many years. The abund- 
ance of nickel in the 10 -mile depth of the earth’s ■ 
crust was estimated by Wells to be 0*016% | 
(U.S. Geological Survey, 1943). j 

Current world nickel output in 1939 was about , 
100,000 tons, Canadian production accounting 
for about 90% and New Caledonia for most of i 
the balance. Norwegian and Russian pro- 
duction remained low. Some by-product nickel 
was obtained in the refining of other metals, 
notably copper and cobalt, but the amount was 
small in relation to world output. 

New Caledonia Production. — The New 
Caledonia ore is a hydrated nickel magnesium 
silicate, garnierite, [(N 1 ,Mg)SI 02 »HjjO] (v. 
Vol. V, 429d), which contains about 6-6% of 


nickel. It is quarried from small ore- bodies 
which outcrop in many parts of the island. 
Production methods are governed by the avail- 
ability of suitable fuel and fluxes. Blast-furnace 
treatment is employed, using gypsum (hydrated 
calcium sulphate) as a flux, and imported coke. 
The sulphate is reduced to sulphide, and the 
sulphur combines with the nickel to produce a 
nickel sulphide matte. T'his is besseraerised to 
oxidise the bulk of the sulphur, a siliceous flux 
is added to slag oft’ the iron, and the resultant 
matte is roasted to eliminate the remaining 
sulphur. The oxide is then gromid and mixed 
with farinaceous material, which acts both as a 
binder and a reducing agent, and the product 
briquetted into circular discs or cubes, known as 
“ rondelles.” These are heated for from one to 
two (lays in close contact with charcoal and, 
when reduction is complete, assay about 99-25% 
nickel. 

Canadian Production. — The Canadian 
mines, which dominate the industry, occur on 
the periphery of an oval-shaped basin, 30 miles 
long and 16 miles wide, near Sudbury in 
Northern Ontario. Many ore bodies have been 
found and the chief producing mines are of vast 
extent, uniform in composition, and rich in 
other metals. The ore contains about 2% of 
nickel, with a varying copper content, usually 
about 4-5%, and substantial amounts of the 
“ platinum group ” metals, together with 
silver, gold, cobalt, selenium, and tellurium. 
Owing to the richness of the ore and the highly 
developed methods of treatment employed, 
the area is the world’s lowest- coat producer. 

The chief minerals in the Canadian deposits 
are pyrrhotite (FCgSg), chalcopyrite (CuFeS^) 
(v. Vol. 11, 617c), and pentlandite [(Ni,Fe)iiSjo]‘ 
In parts the two last named are found in masses 
in a fairly pure state, but normally they are 
intermixed with the iron sulphide in a basic 
gangue. The separation of the copper and nickel 
is effected by the “ Orford ” process. 

Smelting. 

Smelting procedure involves four main stages 
— concentration, calcination, revorberatory-fur- 
nace treatment, and bessemerising to produce a 
suitable matte. 

The object of concentration is to remove the 
rock and separate as much copper as possible. 
This is achieved by the flotation process (v. 
Vol. V, 263d), in which the surface properties of 
finely divided particles are utilised to separate 
the different constituents. The separation is 
effected in tanks filled with a suitable liquid for 
the materials being treated. Rock particles, 
which are easily wetted, sink quickly ; sulphide 
particles, which do not wet so quickly, tend to 
float for a time which can be extended by adding 
reagents to the slurry to enable the mineral 
particles to resist wetting. Airis blown through 
the' tanks and the sulphide particles become 
attached to the bubbles and are carried to the 
surface. The addition of fine oil prevents the 
bubbles breaking when they reach the surface. 
The copper- bearing mineral floats to the top; 
the nickel sulphide remains at a lower level; 
the iron-bearing mineral is lower still and the 
rock falls to the bottom. 
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The separation of copper from nickel is rough 
but effective, about half the copper being 
recovered by flotation, and the need for a furnace 
separation treatment of this part is thus elimi- 
nated. The pyrrhotite contains a good deal of 
nickel and goes forward for further treatment. 

Preparation of the ore for flotation involves 
crushing and grinding to obtain a finel^'^ divided 
powder. This is carried out in ball and rod 
mills, which feed the crushed material with water 
to bowl classifiers, which pass suitable material 
forward to the flotation tanks and return coarse 
material for further treatment. The tanks are 
divided into groups, the first producing copper- 
rich material and feeding the tailings to the group 
which produce . a nickel-copper concentrate. 
Both the concentrates are treated again to s( cure 
a b(itt(ir separation. Dewatering is carried out 
in settling tanks, in tray thickeners, and by 
filtration, the residual moisture being eliminated 
in the calcining furnaces. 

The object of calcining is to reduce the sulphur 
content to the point at which just enough is 
available to form a nickel-copper-iron sidphide 
matte for the next operation. The roasting is 
(!arried out in furnaces having free access to air, 
the sulphxir being converted to sulphur dioxide, 
which is piped off with the other converter gases 
and used for the manufacture of sulphuric acid 
by the contact process, the acid in turn being 
used to produce the sodium acid sulphate which 
is required in the Orford nickel -refining process. 
The reaction is exothermic and no heat is 
required except for starting the furnaces. The 
sulphur content is reduced from 28 to 16% and 
the concentrate discharged to the jcvcrberatory 
furnaces. 

Reverberatory furnace treatment is designed 
to eliminate the remaining gangue, which is 
slagged off, and to bring the mixed sulphides to 
the molten state suitable for feeding to the 
converters. Revert slag from the converters 
is also treated with the sulphides for recovery of 
nickel and copper. 

Treatment in Bessemer converters, to elimi- 
nate the iron and further reduce sulphur by 
oxidation, is the final stage of smelting. Enough 
silica is added to form an iron silicate which can 
be slagged off. The resultant matte contains 
about 80% of nickel and copper. 

Refining. 

The first process in refining is the separation 
of the copper from the nickel by the “ Orford ” 
process. This involves heating the matte in a 
cupola with sodium acid sulphate (nitre cake) 
and coke, which gives a molten product contain- 
ing sulphides of copper, nickel, and sodium. 
The copper and sodium sulphides unite in a 
solution which is lighter than the nickel sul- 
phide, BO that when pgured into pots the product 
settles into two layers, the top portion being 
copper and sodium sulphides and the bottom' 
portion nickel sulphide. The process is often 
referred to as the “ tops and bottoms process.” 
A better separation is obtained by remelting the 
1)ottoms to produce “ second bottoms ” which 
contain about 1*5% of copper and 72% of nickel. 

Einal refining is carried out by the electrolytic 
jirooess In Canada or by the “ Mond ” process in 
YOh. 


South Wales. In the former method the cobalt 
content, which averages about 0*5%. remains in 
the nickel. In the Mond process the cobalt is 
isolated and recovered. Both processes permit 
the recovery of the precious metal content of the 
ore. The selenium and tellurium follow the 
copper and are recovered in the copper refinery. 

Several treatments are necessary to produce 
nickel in the forms required in commerce, and 
as a preliminary to electrolysis. The second 
bottoms are ])roken up, ground, and any remain- 
ing sodium sulphide leached out with hot water. 
Hot dilute sulphuric acid is used to dissolve the 
remaining iron. The copper is chloridised by 
calcining the sulphide with about 15% of coarse 
salt, the cuprous chloride being then dissolved 
out with hot water. 

The product, now known as green nickel oxide, 
is then calcined with soda ash, and the sodium 
salts formed are washed out with hot water. 
This produces a (jommercial product known as 
black nickel oxide, which has uses in the pottery, 
electrical, enamolling, and fat-hardening in- 
dustries. It is also used as a basis in the pro- 
duction of various nickel salts. 

Metallic nickel is produced from the sulphides, 
which are reduced to oxide in a different way. 
Following treatment for removal of iron, the 
washed material is cahuned with coke in 
Dwight-Lloj’^d sintering machines. In these 
machines the sulphides are carried on moving 
belts under a blast of air and flame and after 
one or two passes are converted to oxide. The 
sinter is then melted with coal and anode scrap 
and cast into anodes. 

Purification of the impure nickel is achieved 
by electrolysis, the hot, nickel-bearing solution 
from the anode compartments being pumped 
over nickel powder to precipitate the copper, 
passed through Dorr thickeners to eliminate 
solids, while air is blown through to oxidise the 
iron, which is precipitated as ferric hydroxide. 
The acid set free by the hydrolysis of ferric iron 
is neutralised by adding a suspension of nickel 
carbonate in water to the solution. After filter- 
ing, the solution flows to the cathode compart- 
ments and the nickel is deposited on starting 
sheets, from which it is stripped and cut up to 
form the market product. The precious metals 
are recovered from the anode slimes. 

The Mond Process. 

The nickel- refining process operated in South 
Wales is based on work carried out in the late 
Dr. Ludwig Mond’s laboratory in the last 
century, when it was discovered that if carbon 
monoxide is passed over freshly reduced nickel 
at temperatures below 80°c. a volatile metallic 
compound, nickel carbonyl, Nj(CO) 4 , results 
and that this compound can be decomposed into 
nickel and carbon monoxide by heating to about 
180°c. When it was shown that no other metal 
reacted in precisely the same way, the possi- 
bilities of using the reaction as a new nickel- 
refining process were apparent. 

The process starts with ground sulphide pro- 
duced by the Orford process. This is passed 
through ball mills to obtain a fine powder, which 
is calcined, the sulphur being eliminated as 
sulphtur dioxide. The resultant oxide is then 
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ground and reduced to metal by water gas 
containing roughly 60% of hydrogen and 36% 
of carbon monoxide. In the reducers, which 
are tall, cylindrical vessels, the oxide is passed 
over a series of superimposed plates, the reduc- 
tion temperature of approximately 350°c. being 
maintained by a hot-air circulating system. The 
water gas enters at the top and leaves at the 
bottom. Owing to the low temperature em- 
ployed, about 97% of the reduction is due to the 
endothermic reaction with the hydrogen, which 
is from twenty to forty times as rapid as the 
exothermic reaction with carbon monoxide. 
The effluent gas, which is rich in carbon mon- 
oxide, is suitable for the formation of nickel 
carbonyl in the volatilisers. 

The reaction in the volatilisers, to which the 
crude metal is transferred, is exothermic, the 
heat generated being dissipated by radiation and 
conduction. A temperature of 50-60*^0. is 
maintained. The metal travels downwards and 
the carbon monoxide upwards. The concen- 
tration in the exit gas ranges from 200 g. to 25 g. 
of nickel per cubic metre, the higher figure being 
reached in the first volatiliser. 

Decomposition is effected at a temperature of 
about 180°o. In the decomposers the nickel 
carbonyl is brought into contact with heated 
nickel pellets on which the nickel is deposited. 
These pellets, when built up to about 10 mm. 
diameter, are the final product. Close tempera- 
ture control is required, as carbon monoxide is 
liable to break down into carbon and carbon 
dioxide at 200®c. The carbon monoxide released 
in the decomposers is returned to the reducers to 
form more carbonyl. 

The precious metal and cobalt contents of the 
ore are recovered from the residues from the 
volatilisers. 

The Peoperties of Nickel. 

Nickel exists in only one phase which is stable 
at all temperatures. It has a magnetic trans- 
formation point at about 350®c., and changes in 
other physical properties occur at approximately 
this temperature, but whether these changes are ! 
interconnected is not known, as no alteration 
in the structure of the metal has been observed. 
The properties of the metal have been deter- 
mined by many investigators working with metal 
of different compositions, which fact, combined 
with the lack of uniformity in melting conditions, 
heat treatment, and crystal structure, appreci- 
ably affects the results obtained and makes 
comparisons difficult. Several methods of pro- 
ducing nickel of academic purity have been 
employed during recent years and the results of 
work on high-purity material have been included 
where available. 

Production of High-Purity Nickel. — 
The usual method is to prepare high-purity 
nickel salts for conversion to oxide and reduc- 
tion with hydrogen or by direct electrolysis of 
the salts. Melting pure nickel in hydrogen or 
in vacuum involves the risk of contam^tion 
from the crucible. Electrolysis, even in a 
ohloiide bath, leaves traces of sulphur. The 
product of t^ carbonyl process tends to be 
contaminated by carbon and oxygen. The 
most satisfactory method, according to Wise 


and Schaefer (Met. and Alloys, 1942, 16, 424), 
is by eloctrodeposition from a very pure nickel 
chloride electrolyte, using insoluble iridium- 
platinum anodes. This method has yielded a 
product containing 99-99% of nickel and Cu 
0-0008, Fe 0-0006, Co 0-0003, and C 0-0026%. 

Influence of Impurities on Nickel. — 
The effect of impurities on the malleability of 
nickel was investigated by Merica and Walten- 
berg (J. Res. Nat. Bur. Stand. 1926, 19, 166) 
who found that when nickel is melted in the 
presence of oxygen the oxide formed (NIO) 
forms a eutectic with nickel. The solubility of 
oxygen in molten nickel, over a range of tem- 
peratures, was determined by Hensel and Scott 
(Trans. Amer. Inst. Min. Met. Eng. 1933, 104, 
139) using vacuum fusion in an induction fur- 
nace. Absorption increased with temperature 
as shown by the following results : 1,466®C., 
0-294%; l,650®o., 0-423%; l,(>60°c., 0-626%. 
The nickel-oxygon diagram showed a eutectic 
at 0-214% oxygen at l,435®c. Turbulence and 
time increased the rate of absorption. Merica 
and Waltenberg found nickel containing nickel 
oxide, at least up to the eutectic composition, 
to be malleable. Nickel melted mider hydrogen 
or under carbon monoxide also proved to be 
malleable. Their experiments showed that 
carbon monoxide, carbon dioxide, oxygen, and 
nitrogen in normal amounts did not render 
nickel non-malleable, but that sulphur had a 
profoundly adverse effect. They placed the 
permissible limit for sulphur in cast nickel 
below 0-006%. Electrolytic nickel containing 
less than 0-005% was malleable without special 
treatment. As little as 0-01% of sulphur added 
to remelted electrolytic nickel rendered it almost 
completely non-malleable. They attributed the 
effect of sulphur to the formation of a eutectic 
film of nickel and nickel sulphide (NigSjj) on 
each metallic grain of nickel, which lowered the 
intercrystalline cohesion of the mass of grains 
even at low temperatures. This eutectic 
melted at 630®o., and at higher temperatures 
there was practically no cohesion between the 
nickel grains. The addition of 0*6-1 -0% of 
manganese to nickel containing more than 0-01% 
of sulphur improves malleability. Manganese 
combines with nickel sulphide to form man- 
ganese sulphide and nickel, the two forming a 
eutectic melting at l,325°c. Distribution is in 
the form of small globules along the grain 
boundaries. The addition of 0-06-0-10% of 
magnesium completely restores maUeaffility. 
Magnesium sulphide is insoluble in molten nickel 
and is foiind dispersed throughout the grains. 
Magnesium is also used as a degasifier. 

Hydrogen is readily soluble in nickel. When 
the metal is heated or in the molten state, the 
gas is occluded. The precise form in which the 
hydrogen exists has not been determined, but 
Hiittig (Z. angew. Chem. 1926, 89, .07) has sug- 
g^ted that the gas forms a compound wiSk 
nickel and that the balance is in the form of a 
solid solution, the relative amounts of each 
varying with temperature. The solubility of 
hydrogen in nickel was determined by Sieverts 
(Z. Metallk. 1929, 21, 37), but his figures have 
been disputed. As with other gases in metals, 
the solubility of hydrogen at a constant tempm- 
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ture is proportional to the square root of the 
pressure. The adsorption of hydrogen by nickel 
has been investigated by many workers. Taylor 
and Bums (J. Amer. Chem. Soc. 1921, 48, 
1273) found that nickel reduced at 600-700°c. 
adsorbed comparatively little hydrogen, an 
interesting point as nickel reduced at this 
temperature is inert as a catalyst, Huntzicker 
and Kahlenberg (Trans. Electrochem. Soc. 
1933, 68, 349) investigated the relationship of 
hydrogen to specially prepared pure nickel, and 
concluded that nickel was normally a passive 
metal, but that the presence of hydrogen raised 
its activity so that it replaces copper, silver, and 
other metals from solutions. 

No figures are available on the solubility of 
nitrogen in nickel, but Lombard (Rev. Met. 
1929, 26, 343) investigated the diffusion of 
nitrogen through nickel and found it to be very 
low, indicating a low solubility in the solid state. 
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The presence of nitrogen in gas extracted from 
nickel has been reported. 

Crystal Structure and Lattice Dimen- 
sions. — Nickel crystallises in face-centred cubes. 
The side of the unit cube was found by Kennedy 
(J. Res. Nat. Bur. Stand. 1930, 6, 1300) to be 
3-525 A. This figure for the lattice dimension 
gives a calculated density of 8*917 g. per c.c. : 
experimentally determined values of 8-907 for 
cast and 8-901 for worked material were obtained 
from the same material. The maximum density 
was obtained in coarsely crystallised ingot 
metal. Owen and Yates (Phil. Mag. 1936, [vii], 
21, 809) obtained a figure of 3-51045 a. at 0°c. 
by X-ray measurements. They confirmed that 
the structure remained face-centred over the 
range investigated, 0~600"c. 

Melting-Point and Latent Heat of 
Fusion. — Wensel and Roeser (J. Res. Nat. Bur. 
Stand. 1930, 5, 1300), using the optical pyro- 



MAGNETIZING FORCE (Gilberts per cm.) 

Fig. 1. 


meter method, found the melting- or freezing- 
point of high -purity nickel to be l,456°c. They 
checked this value with many determinations. 
The generally accepted melting -range for com- 
mercial nickel is l,435-l,446°c. 

White (Chem. Met. Eng. 1921, 25, 17) deter- 
mined the latent heat of fusion of a nickel melt- 
ing at l,460®c. to be 73 g.-cal. per g. 

Specific Heat. — Sykes and Wilkinson (Proc. 
Physical Soc. 1938, 50, 834) give the following 
values (in g.-cal. per g. per °c.) for specific heat, 
being the average for samples of vacuum-melted 
and of sintered carbonyl nickel of high purity : 
100°O., 0-1123; 200*^0., 0-1225; 300°o., 0-1367; 
400°c., 0-1267 ; 60(ro., 0-1265; 600°o., 0-1328. 
White (Chem. and Met. Eng., 1921, 25, 17) 
states that the mean specific heat between 20°c. 
and the melting-point is 0-134 g.-cal. per g. per 
^C. Values obtained by earlier investigators are 
pven by Stoner (Phil. Mag. 1936, [vii], 22^ 81) 
m a review of the factors involved in determining 
the speoifio heat of nickeL 
Appearance and Colour,— Nickel has a 


I lustrous, silver-white colour with a slight, steel- 
' grey tinge. The metal is sufficiently hard to 
take a mirror polish. 

Density. — The density of nickel is 8-90 g. 
per c.c. Peffer (J. Res. Nat. Bur. Stand. 1930, 
6, 1299), using high-purity nickel, prepared by 
Jordan and Swanger, obtained a value of 8-907 
g. per c.c. at 23®o. for ingot metal, and 8-901 g. 
per c.c. at 25°c. for rolled material annealed at 
950°c. 

Electrical Resistivity and Temperature 
Coefficient. — Wenner and Caldwell (J. Res. 
Nat. Bur. Stand. 1930, 5, 1301) found the 
electrical resistivity of high-purity nickel to be 
7-236 and 7-290 noicrohxns per cm. cube at 20®o. 
for annealed and cold-drawn material, respec- 
tively. The temperature coefficient of the 
resistivity of the metal per ®o. between 0® and 
100°o. was 0-00667. Wise and Schaeffer (Met. 
and ADoys, 1942, 16 , 424) give values of 6-141 
(0®o.) and 6-844 microhms per cm. cube (20®o.), 
the figures being based on determinations by 
Umbreit on high-purity electrolytic nickel. 
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The temperature coefficient was 0-00682. The 
electrical resistivity of commercial nickel is 
generally higher, and is usually in the range of 
9-10-5 microhms per cm. cube. 

Magnetic Properties. — Nickel is ferro- 
magnetic below, and paramagnetic above, the 
magnetic transformation point. The Curie point 
depends somewhat on previous history. Sanford 
(}. Res. Nat. Bw. Stan’. 1930, 5 , 1302) 
made several determinations by the magneto- 
metric method, using an astatic magnetometer 
and gave an average value of 380°c. on heating 
and 371°c. on cooling from approximately I 
500°c. Kussmann and Schultz (Physikal. Z. 
1937, 38 , 42) studied the question of the Curie 
point and its relation to the change point in the 
temperature-electrical resistance curve. They 
concluded that one property cannot bo deduced 
from the other and that the Curie point in a 
perfectly homogeneous material is an absolute 
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high-purity nickel as determined by Yensen 
{ibid. 1942, 16, 427) is shown in Fig. 3, with a 
portion of an hysteresis loop from B 5,000. The 
coercive force {H(>)y from 5,000 gauss, was 
found to be 2-73 oersteds per cm. 

The ferromagnetic change in length per unit 
length for nickel of 99-98% purity was found 
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Fig. 2. — Permeability Values for High- 
Purity (Single-Crystal) Nickel. 


Fig. 3. — Magnetic Induction of very Pure 
Polycrystalline Nickel. 


point and not a range. The mean value obtained 
by these investigators was approximately 353°c. 
Earlier workers obtained values varying from 
330° to 368°c. 

Sanford investigated the magnetic properties 
of high -purity nickel both as cold-worked and 
after annea ing. The effect of annealing on the 
normal induction is shown in Fig. 1. His value 
for the saturation value of intrinsic induction 
(J5 — H)oo was 6,160 gauss; this figure was 
obtained by earlier workers. Bozorth and 
WiUiams (Met. and Alloys, 1942, 16 , 427) give 
a figure of 6,6(X) gauss, which was estimated from 
results obtained in examining the magnetic 
properties of single-crystal nickel made by 
melting very fine nickel powder in pure hydrogen. 
The saturation value is a function of the con- 
stitution and is not otherwise dependent upon 
its condition. 

Bozorth and Williams (lx.) also examined 
the magnetic induction and permeability of the 
same nickel. The permeability values are given 


by Owen and Yates (Phil. Mag. 1936, [vii], 21, 
809) to be about 2*4 x 10~*, which is much higher 
than the values previously recorded for nickel 
of lower purity. 

Thermal Expansion. — Owen and Yates 
measured the thermal expansion of 99-98% 
pure nickel by X-ray measurements at 0-600°c. 
The lattice parameter was measured, and it was 
found that up to 370°c. the lattice expanded 
gradually at first but rapidly between 310° and 
370°c., until at the latter temperature it had an 
abnormally high coefficient of expansion, but 
there was no evidence of thermal hysteresis. 
Above 370°o. the coefficient tif expansion rapidly 
decreased, falling to quite a low value before 
assuming at 420°c. a value which increased up 
to the highest temperature at which the measure- 
ments were made. The results are given in 
Table I. 

Adensted (Ann. Physik, 1936, 26 , 69) reported 
on the thermal expansion of nickel (99-8% 
purity) at low temperatures (0° to --196°c.). 
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Table I. — Thermal Coefficient of 
Expansion of Nickel. 


Temperature, 

°c. 

Lattice 

parameter, 

A. 

Thermal 
ccefficient of 
expansion, 

X 10-6. 

0 

3-51645 

13-5 

100 

3-52125 

14-6 

200 

3-52637 

15-8 

300 

3-53177 

16-6 

350 

3-53477 

23-0 

360 

3-53.575 

25-8 

370 

3-53664 

26-0 

3H0 

3-53730 

17-5 

390 

3-.537S6 

15-0 

400 

3-53842 

15-6 

500 

3-54462 

17-6 

600 

3-5.5087 

17-8 


His measurements showed good agreement with 
those obtained much earlier by Griineisen {ibid. 
1918, 55, 371). The average coefficient for the 
range 0° to -180°c. is 10*22x IQ-^. 


from 26° to 900°c., and attempted to locate a 
transformation region between 300° and 400°c. 
An irregularity in the rate of expansion at 360°c. 
was noted. 

Thermal Conductivity. — Van Dusen and 
Shelton {ibid. 1934, 12, 429) measured the 
thermal conductivity of commercial nickel and 
nickel of 99-94% purity; their results are given 
in Table II. 


Table II. — Thermal Conductivity of 
Nickel in C.G.S. Units. 


"c. 

Commercial 

nickel. 

Jligli-purity 

nickel. 

100 

0-1,55 

0198 

200 

01 43 

0 175 

3{)0 

0-131 

0- 1 52 

400 

0-125 

0-142 

.500 

0-130 1 

0-148 

600 

0-136 

— 


Thermoelectromotive Force. — The 
Hidnert (J. Ees. Nat. Bur. Stand. 1930, 5, I thermoelectromotive force of high-purity nickel 
1301) measured expansion on high-purity nickel I against platinum was measured by Caldwell 
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(ibid. 1930, 5, 1304). Nickel is thermoelectrically 
negative to platinum. From the figures given 
in Table III, it will be noted that there is a 


Table HI. — Thermal Electromotive 
Force of Nickel against Platinum. 


Tempera- 
ture of 
hot i 

Junction, 
“0. 

E.in.f. 

Pt-NI, 

millivolts. 

Tempera- 
ture of 
hot 

junction, 

“0. 

E.m.f. 

Pt-Ni, 

millivolts. 

100 

1-485 

700 

8106 

200 

3-105 

- 800 

9-350 

300 

4-590 

900 

10-696 

400 

5-4,50 

1,000 

12*130 

500 

6-165 

1,100 

13-625 

600 

7-040 




change in the regi n of the magnetic trans* 
formation point. The values were taken, with 
the cold junctions at 0°c. 

Electron Emission . — The electron emission 
from nickel has been investigated by Benjamin 
(Phil. Mag. 1936, [vii], 20, 7). For wireless valve 
cathodes, ordinary commercial nickel, which 
contains traces of the activating elements 
magnesium and silicon, is widely used. Oxide- 
coated cathodes of high-purity nickel (99-99%) 
give only 30-80% of the emission normally 
obtained from the commercial product. Ben- 
jamin tested the behaviour of a series of low- 
alloy-content nickel cores. The initial emissions 
he obtained are given in Table IV. 

The purity of the nickel is given as probably 
99-32%. 
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Table IV. — Electron Emission from Oxide- 
ooATED Nickel Wire. 


Composition. 

Average emission at 
1,020‘'K. (747^C.) in 
mllllami). (40 v. on the 
plate). 

Nickel 

31 

Ni-f()*07% Mg . . . 

4.5 

Ni f 01% Ti, 0*.37% Fe . 

45 

Ni-f0*39% Ti, 11“;, Fe . 

46 (from curve) 

Ni4-2*0%AI .... 

50 

Ni-fO-34% Mn . . . 

20 

Nl-f2*33% Fe . . . . 

22-5 


Thermal Reflectivity, Emissivity, and 
Diffusivity. — The thermal reflectivity of 
nickel is high and the thermal emissivity is low. 
Reflectivities of nit'kel for radiation of long 
wave-lengths (infra red) are 0*835 at 2/i. and 
0*870 at 3fx. Barnes (Physical Rev. 1929, [ii], 
34, 1026) gives the figure for the total emissivity 
as 0*19 at l,000°c. Frazier {ibid. 1932, [u], 40, 



700 800 900 1000 1100 


Temperature 

Fig. 5. 

692) has reported on the thermal diffusivity of 
nickel of 99*26% purity, and obtained the value 
£^=0*1600. Starr (Rev. Sci. Instr. 1937, 8, 61) 
measured the thermal diffusivity of high-purity 
nickel (99*98%) and found the value at 26°c. 
to be iC= 0*1 6885 ±0*0100009 sq. cm. per sec. 

Optical Properties. — ^Polished nickel re* 
fleets a high percentage of incident light ; many 
uses of electrodeposited coatings, notably lamp 
reflectors, are based on this property. 

Meyer (Ann. Physik, 1910, 31, 1017) found the 
optical constants for A~0*689^ to be : reflec- 
tivity 66*6%; absorption index (K) 3*42%; 
refractive index 1*68%. 

Coblentz and Stair (J. Res. Nat. Bur. Stand. 
1930, 5, 1300) measured the ultra-violet re- 
flectivity of high-purity nickel ; their results are 
compart with the reflectivity of electro -plated 
nickel and commercial nickel in Fig. 4. 

Hlucka (Z. Physik., 1936, 96, 230) measured 
the reflectivity of nickel in the spectral region, 
and Geoghegan (Brit. J. Phot. 1934, 28, Suppl, 


46) compared the reflectivity of nickel with 
magnesium oxide and electro-silver and obtained 
values of 36*48 and 63*10, respectively. 

Vapour Pressure. — The vapour pressure of 
nickel has been determined by Jones, Langmuir, 
and Mackay (Physical Rev. 1927, [ii], 30, 201). 
Their results are shown in Fig. 6. 

Velocity of Sound. — The velocity of sound 
in sheet nickel was measured by Wood and Smith 
(Proc. Physical Soc. 1935, 47, 149) and found 
to be 5*71 X 10 ‘ cm. per second. 

The Mechanical Pboferties of Pure 
Nickel. 

Very little information is available on the 
mechanical properties of high -purity nickel, 
most work having been carried out on com- 
mercial-grade material. Average tensile values 
of the latter are given in Table V. 


Table V. — Tensile Properties. 



Yield strength, 
tons per 8 ( 1 . in. 

Maxi- 

mum 


Keduc- 

Condition. 

0*1% 

perma- 

nent 

set. 

0-2% 

perma- 

nent 

set. 

stress, 
tons 
per 
sq. in. 

Elon- 

gation, 

o/ 

/o- 

tion of 
area, 

%. 

Hot rolled. 

Cold drawn 
24% re- 
d u ctlon, 
stress re- 
1 i c v e d 
300°c, 3 
hours 

Cold drawn, 
annealed 
790^0., 3 

10*3 

10*7 

qi-7 

44-5 

02*9 

27*1 

27-7 

38*7 

33*0 

720 

hours . 

10*9 

il*9 

32*7 

46*0 

79*4 


Tensile Strength and Elongation. — 
Jordan and Swanger (J. Res. Nat. Bur. 
Stand. 1930, 5, 1291) found the tensile strength 
of high-purity nickel to be 32*9 kg. per sq. mm. 
Determination of the elongation was not possible 
because the surface of the bar was roughened 
by the tension loading and the gauge marks 
obliterated. The investigators stated that the 
elongation was certainly 25% in 2 in. and 
probably considerably more. 

Ransley and Smithells (J. Inst. Metals, 1932, 
2, 287) have examined the properties of nickel 
wire of varying degrees of purity. The effect of 
minor constituents on the tensile strength and 
elongation of 0*0426 mm. diameter wire after 
annealing at various temperatures is shown in 
Fig. 6. It will be seen that the values for pure 
nickel (99*91% including cobalt) fall with low- 
temperature annealing, while the other com- 
positions show a slight increase in tensile strength 
when annealed below 400®o. Values for the 
reciystallisation temperature are given in 
Table VI. 

The effect of minor constituents on the tensile 
strength up to l,000®c. of the same wires is 
shown in Fig. 7. It will be noted that all the 
wires l^ave a well- defined arrest over the range 
300~460°c., except the high-purity nickel, in 
which there is scarcely any indioatkm of a break. 
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Table VI. — Reobystallisation 
Tempbeatubes. 


Material. 


Pure nickel (99-91%, including cobalt) . 

Nickel + Iron (2-33%) 

Nickel + Manganese (0-34%) 

Nickel I- Magnesium (0-07%) 

Commercial nickel (99-39%, including cobalt) 


480 

580 

620 

640 

640 


Hardness. — Jordan and Swanger (J. Res. 
Nat. Bur. Stand. 1930, 6, 1291) measured the 
hardness of their high-purity nickel and obtained 
the following values : scleroscope 5*0 ; Rockwell, 
100 kg., i-in. ball, 42-44. 

Fetz (Trans. Amer. Soc. Met. 1937, 25, 1030) 
investigated the point of recovery of cold- 
worked * nickel at elevated temperatures. He 


found the turning point of the hardness- 
recovery curve of high-purity nickel (99-99%), 
80% cold-rolled, at 463°c. (30 minutes anneai). 
Electrolytic nickel (99-866%) as deposited 
recovered from an 80% reduction at 440°o. 
For recrystallised material the turning point was 
454°o. The turning points of the hardness- 
recovery curves of cold-rolled nickel were found 
to be directly proportional to the amount of cold 
work. Increasing the reduction by 10% lowered 
the softening temperature by 23-3%. 

In cold-roUed electrolytic nickel the Debye 
lines become completely sharp on annealing 
before the hardness recovers from cold work. 
The increase of strain-hardening during cold- 
roUing is not a linear function of the amount of 
cold work. A slight increase of hardness takes 
place before the release of strain-hardening. 
This maximum hardness has nothing to do with 
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the slight rearrangement of atoms preceding the 
magnetic transformation. 

The rate of strain -hardening of recrystallised 
electrolytic nickel during cold-rolling is shown 
in Fig. 8. The softening of the same nickel in 
relation to reduction is shown in Fig. 9. 


The effect of other elements present upon the 
recovery of highly pure nickel was studied by 
Fetz in a subsequent paper {ibid. 1938, 26, 961). 
The presence of 0*11% of cobalt had no effect. 
Tin affected the recovery profoundly, 0*26% 
moving the recovery range upward by more than 




2Wo. Additions of 0-25 and 0*76% of silicon 
raised the range 100® and 140°o. respectively. 
The action of copper was mild; the presence 
of 0*76% raised the softening temperature of 


severely cold-worked carbonyl nickel by only 
60®c. 


Table VII. — Compeessive and Impact 
Peopeeties of Nickel. 



Compression. 




Condition. 

Yield strength, 
tons per sq. in. 

lirinell 

hard- 

ness, 

Izod, 
ft. lb. 

Charpy, 
ft. lb. 


01% 

perma- 

nent 

set. 

0-2% 

penna- 

nont 

set. 

3,000 

kg. 

Hot rolled . 

Cold drawn, i 
24% re- 
duction, 
stress re- 
lieved 3 
hours at 

9-6 

10-3 

107 

120 

200 

aoo^c. . 
Cold drawn, 
annealed 

3 hours at 

24'6 

260 

177 

120 

204 

TSO^c. . 1 

100 

11*7 

109 

120 

228 
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Compressibility. — Values for compression 
and impact properties of commercially pure 
nickel obtained by Catlin and Mudge (Proc. 
Amer. Soc. Testing Materials, 1938, 38, 269) 
are given in Table VII. 


Modulus of Elasticity. — The modulus of 
elasticity of nickel has been determined by 
several workers and varies between 21,000 and 
23,000 kg. per sq. mm. (29,000,000-32,000,000 
lb. per sq. in.). 



Poisson’s Ratio. — Benton (Physical Bcv. 
1900, [ii], 12, 36) gives Poisson’s ratio for nickel 
as 0-33. Wise and Schaefl’er (Met. and Alloys, 
1942, 16, 424) give the iiguro 0*31, based on 
work by Vose. 

CHEMICAL COMPOUNDS OF NICKEL. 

Nickel Oxides. — The monoxide (NiO), 
found native as bunsenUe, is the chief oxide of 
nickel. It may bo prepared by calcining the 
carbonate, nitrate, hydroxide, chloride, bromide, 
iodate, or chlorate ; or by heating nickel Avith a 
neutral solution of sodium sulphate at 200°c. It 
is also obtained by the electrolysis of a solution 
of a nickel salt and sodium acetate, the oxide 
forming at the anode. 

Nickel oxide is a green crystalline powder, the 
shade varying with the method of preparation. 
When heated the oxide turns yellow. It is 
reduced by heating in hydrogen. The com- 
moner salts are prepared from the monoxide. 
Commercial black oxide, prepared at a relatively 
low temperature, dissolves in acids much more 
quickly than oxides produced at higher tempera- 
tures. 

Several suboxides have been described by 
various investigators but their identity is doubt- 
ful. Nickelic oxide (NijOg), obtained by gently 
heating the carbonate in air, is believed to be a 
combination in variable proportions of the 
monoxide and the peroxide, Ni 0 ,Ni 02 . 

Nickel dioxide or nickel peroxide (NiOg) may be 
obtained in the hydrated form by the action of 
hypochlorites on the monoxide in an alkaline 
solution. The dioxide dissolves in acids, form- 
ing nickelous salts. With sulphuric acid it 
forms nickelous sulphate; with hydrochloric 
acid it forms chlorine. 


Salts of a hypothetical trioxiclc, NiOs, have 
been reported. Hollard (Compt. rend. 1903, 
136, 229) prepared a tetroxide (Ni 04 ) by elec- 
trolysis. There is some doubt as to the existence 
of some of the higher oxides of nickel which have 
been reported ; the monoxide and the dioxide 
are the only two oxides of importance. 

Nickel oxide is used as a colour and ground 
coat constituent in pottery and vitreous enamel- 
ling and for the prei)aration of a catalyst in fat 
hardening. It is also used for the production of 
other nickel salts. 

Nickel Acetate. — Nickel acetate, 

(CH3C00)2Ni,4H20, 

is obtained by dissolving nickel or the oxide in 
acetic acid and evaporating. The acetate is 
precipitated as a green crystalline mass or 
j)owder. It is soluble in water but insoluble in 
alcohol. 

This salt finds limited use in electroplating 
solutions, and as a mordant in printing cotton 
goods and dyeing. 

Nickel Bromide. — Nickel bromide, NIByg, 
may be prepared by dissolving nickel hydroxide 
in hydro bromic acid, or by heating finely divided 
nickel in bromine vapour. The colour of this 
salt varies from a straw yellow to a dark brown. 
If heated, it turns a gold colour, and at higher 
temperatures sublimes in golden scales. This 
salt is very hygroscopic and forms a trihydrate 
NiBr2,3H20. Nickel bromide is soluble in 
hydrochloric acid and decomposes in nitric acid. 
It can be reduced by hydrogen, the reaction 
being reversible. 

Nickel Carbonate. — Nickel carbonate, 
NiCOg, is obtauned by heating a solution of 
nickel chloride with calcium carbonate at 160°o. 
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The anhydrous carbonate form e pale green, 
transparent, microscopic rhombohecbra. 

The hexahydrate, NiC03,6H20, is obtained 
by mixing sodium or ammonium bicarbonate 
and a solution of nickel nitrate. The hexa- 
hydrate readily loses water. The pale green 
precipitates obtained by the addition of an 
alkali carbonate to a nickel salt are basic car- 
bonates ; the compositions vary according to the 
precipitant used and other factors* 

Nickel carbonate is insoluble in water but is 
soluble in dilute mineral acids and in a solu- 
tion of ammonium carbonate. Pale green in- 
soluble flakes of ammonium nickel carbonate are 
precipitated from the latter on exposure to air. 

The carbonate is used as a colour in ceramics 
and glazes, for the preparation of a catalyst in 
fat hardening, and in plating. 

Nickel Carbonyl. — The production, pro- 
perties, and uses of nickel carbonyl were 
described by R. L. Mond (J.S.C.I. 1930, 49 , 271) 
and later by Trout (J. Chem. Educ. 1937, 453 , 
576). The compound at normal temperatures 
exists as a colourless liquid with a specific 
gravity of 1-38 and the rather high coefficient 
of expansion of 0*0018. The solid melts at 
— 25°c., and the boiling-point of the liquid is 
44°o. The vapour density was determined, by 
Victor Meyer’s method, by L. Mond and his 
collaborators, who obtained a value of 86*7 at 
60®o. Increased temperature makes the liquid 
unstable. Dewar and Jones (Proc. Roy. Soc. 
1903, 71, 427) found that slight dissociation 
began at 63°c., and it appeared to be almost 
complete at 155°c, at atmospheric pressure. 
They found increase of pressure decreased 
decomposition. Mittasch (Z. physikal Chem. 
1902, 40 , 1), who obtained similar results, found 
traces of air to inhibit the reaction, the effect 
being counteracted by small amomits of hydro- 
gen sulphide and accelerated by traces of mer- 
cury. He gave the heat of formation as 43*36 
g.-cal. per g. 

Nickel carbonyl is diamagnetic. Oxley (Proc. 
Camb. Phil. Soc. 1911, 16, i, 102) found the 
value for the magnetic susceptibihty to be 
—4*81 X 10“^. Its refractive and dispersive 
powers are very high. Mond and Nasini (Z. 
physikal. Chem. 1891, 8, 164) gave the molecular 
refraction as 68*63 and the coefficient of dis- 
persion as 1*1236 

The vibrational spectrum and the thermo- 
dynamic properties of nickel carbonyl were dis- 
cussed by Crawford and Cross ( J. Chem. Physics, 
1938, 6, 625). 

Oxidising agents such as nitric acid, chlorine, or 
bromine attack the carbonyl. Dewar and Jones 
(J.C.S. 1904, 19, 6) found that it was completely 
decomposed by solutions of the halogens and 
by those of the cyanogens and sulphur. The 
liquid may be distilled without decomposition. 
No compound of nickel carbonyl is known. 

Apart from its use in nickel refining, the 
carbonyl has no important commercial use. 

Nickel Chloride.— Nickel chloride, NIClg, 
is formed when finely divided nickel is heated 
in chlorine. It is also obtained by heating nickel 
sulphide with chlorine, when chlorides of nickel 
and sulphur are sublimed. The nickel chloride 
forms golden, crystalline scales. It dissolves in 


water, with the evolution of heat, and a green 
hexahydrate (NiCi2,6H20) can be crystallised 
out from the solution. The anhydrous chloride 
absorbs ammonia, forming a near-white com- 
pound, NiCl2,6NH3, which is soluble in water. 
Nickel chloride is reduced by heating in hydro- 
gen. If heated in a current of air and hydrogen 
chloride, chlorine is evolved, so that this salt can 
replace the copper salt used in Deacon’s process 
for chlorine. 

Nickel chloride is employed as a colour for 
pottery, as a catalyst for the purification of coal 
gas, in electroplating solutions, and as an 
absorbent of ammonia in gas masks. 

Nickel Cyanide. — Nickel cyanide, N1(CN)2, 
is precipitated as apple-green plates or powder 
if potassium cyanide is added to a solution of 
nickel salt. It loses its water of crystallisation 
at 2()0°c. and decomposes on further heating. 
It is readily soluble in solutions of potassium 
cyanide and ammonium hydroxide. The double 
salt, Ni(CN)2,2KCN, can be crystallised from 
a solution if potassium cyanide is added in 
excess. This salt is decomposed by dilute acids. 

Nickel DImethylglyoxime. — Nickel di- 
methylglyoximo, 


MeC:NO— Nl— ONrCMe 


/ \ 

/ \ 

/ 


\ 


MeC:NOH HONrCMe 


is probably the commonest form in which nickel 
is precipitated and weighed in assaying. It is 
a scarlet powder and may bo obtained by adding 
a solution of dimethylglyoxime in alcohol to an 
ammoniacal solution of a nickel salt. It is in- 
soluble in water, acetic acid, and ammonia, but 
soluble in absolute alcohol. 

Nickel Fluoride. — Nickel fluoride, NIFg, 
is prepared by evaporating a solution of the 
carbonate in hydrofluoric acid. The fluoride 
crystallises in elongated, yellowish-green prisms. 
It is almost insoluble in water. By heating in 
hydrogen it is reduced to metal. If heated in 
air it is converted to oxide. Nickel fluoride is 
used to a limited extent in electroplating 
solutions. 

Nickel Nitrate. — ^Nickel nitrate, Ni(N08)3, 
is produced by dissolving nickel, the oxide, or 
the carbonate, in nitric acid. On evaporation 
the hydrated salt is obtained in monoclinio 
crystals. This salt is soluble in both water and 
alcohol. 

Anhydrous nickel nitrate is a greenish-yellow 
powder. The hexahydrate, NI(N02),6H20, 
forms in emerald-green plates. Several other 
hydrates exist. 

The salt has a limited use for the preparation 
of a catalyst in fat hardening and as a colour 
in vitreous enamels. 

Nickel Sulphate. — ^Nickel sulphate, NiSO^, 
occurs native as mo/rtnoeiUt identified by a deep* 
green efflorescence which Cronstedt observed on 
nickel-copper ores. It is also found in acicukr 
crystals, thin prisms, and fibrous forms. The 
salt is formed hy diasolving nideel, the h3^droxkle, 
or ^e earbonate, in dilute sulphuric ^d, eva^ 
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poration at normal temperatures giving emerald- 
green crystals of the heptahydrate, 

NiS04,7Ha0. 

Nickel sulphate is soluble in water. The 
percentage solubility, as given by Steele and 
Johnson (J.C.S. 1904, 85, 113) is 21*4, 30-2, 34*6. 
43-3, and 46-5 at 0% 31-5^ 53-3°, 99°, and ]00°c.. 
respectively. The solid phase changes at 31*6° 
from NiS04,7H20 to NiS04,6H20. The 
monohydrate is insoluble in alcohol and ether, 
but the heptahydrate is soluble in alcohol. The 
chief use for the single salts is in electroplating ; 
they are also used in the manufacture of paints, 
varnishes, ceramics, in the blackening of brass 
and zinc, and as a mordant in dyeing and print- 
ing textiles. 

Nickel sulphate forms double sulphates with 
the sulphates of many other metals. Nickel 
ammonium sulphate, 

NiS04,(NH4)2S04,6H20, 

which is used in electroplating, is the most im- 
portant of the double sulphates. It is produced 
by dissolving the monoxide in sulphuric acid 
and adding ammonium sulphate to a concen- 
trated solution. It is purified by recrystaUisa- 
tion, and forms bluish -green prisms. 

CORROSION RESISTANCE OF NICKEL. 

Nickel occupies a position next to the brasses 
and bronzes in the electromotive series. It does 
not cause the emission of hydrogen from the 
commoner acids and the presence of some 
oxidising agent, such as dissolved air, is neces- 
sary for corrosion to proceed. As a rule, 
oxidising conditions accelerate the corrosion of 
nickel and reducing conditions retard it. Under 
some forms of attack nickel develops a corrosion- 
resisting or passive oxide film, so that corrosion , 
is not always accelerated by oxidising conditions. 

Atmospheres. — When used indo rs nickel i 
remains fairly free from tarnish, but when ex- 
posed outdoors it acquires a thin, adherent 
coating, usually a basic sulphate. In rural or 
marine atmospheres, attack is slow ; in industrial 
districts the presence of sulphur has an ac- 
celerating effect. 

Waters. — Both fresh water and sea water 
attack nickel very slowly. Stagnant exposure, 
where pockets of fluid occur, may cause pitting 
or localised corrosion. 

Salt Solutions. — Neutral or alkaline salt 
solutions have only a slight effect on nickel, 
which is frequently used in contact with acetates, 
carbonates, chlorides, nitrates, and sulphates. 
Oxidising salt solutions, whether acid or alkaline, 
are corrosive, and even weak solutions of the 
chlorides of iron, mercury, and copper, in the 
presence of chromates, nitrates, and peroxides, 
cause serious corrosion. 

Acids. — ^Nickel is often used in contact with 
sulphuric acid solutions, but it is attacked at all 
concentrations. Maximum attack occurs with 
6% acid concentration, and decreases uniformly 
wfth increasing acid concentrations up to about 
80% acid. Above this point corrosion rates are 
high. Both hydrochloric and phosphoric acids 
corrode nick^, former rather rapidly under 


most conditions. Oxidising compotmds often 
present in commercial phosphoric acid, ac- 
celerate corrosion. Sulphurous acid solutions 
corrode nickel rapidly. Sulphur dioxide, often 
used in small percentages for the preservation 
of food products, produces a dark tarnish. The 
presence of hydrogen sulphide in solutions tends 
to increase corrosion ; this is noted particularly 
in the case of brines. 

Nitric, nitrous^ and other oxidising acids 
corrode nickel rapidly. The presence of ferric 
and cupric salts, peroxides, and chromates also 
results in high corrosion rates. 

Acetic, mafic, tartaric, formic, and other 
organic acids at normal temperatures and in 
low concentrations do not corrode nickel unduly. 
High temperatures and aeration increase the 
rale of attack ; hot solutions usually cause 
pitting. Stearic, oleic, and other fatty acids are 
moderately corrosive. 

Alkalis. — ^Nickel is almost completely 
resistant to alkali attack. The rate at which 
nickel corrodes when in contact with highly 
concentrated sodium hydroxide solution depends 
on the early formation of a thin, dark, oxide 
film, which usually develops at temperatures 
above 300°o. Below 200°c. a green oxide film, 
with no protective properties, may be formed. 
With the dark film, corrosion rates are low. 
The presence of sulphur accelerates corrosion. 

Anhydrous ammonia does not corrode nickel, 
but aqueous ammonia and ammonium hydroxide 
are very coiTosive, except in concentrations 
under 1%. 

Gases. — Nickel is resistant to attack by dry 
gases at normal temperatures, but if moisture is 
present sulphur dioxide, ammonia, nitrogen 
oxides, chlorine, and other halogens are cor- 
rosive. Sulphur gases attack nickel above 
about 360°c., especially in a reducing atmo- 
sphere. Sulphur dioxide is less corrosive to an 
alloy of nickel and 4% of manganese. 

Steam. — Normally, steam does not corrode 
nickel below about 400°c., but at higher tem- 
peratures intercrystalline attack occurs. The 
carbon dioxide content of the steam is an im- 
portant factor. 

Molten Metals. — Nickel has no useful 
resistance to molten metals, but at temperatures 
under about 350°c. it may be used in contact 
with mercury. Cracking in locally stressed 
areas is likely unless the metal has been given 
a “ stress -relief ” anneal. 

NON-TOXICITY. 

The physiological action of nickel has been 
studied by many workers from different view- 
points. Bertrand and Mokragnatz (Compt. 
rend. 1922, 175, 112, 468) examined twenty 
raw foodstuffs and found nickel to be present in 
all, the content ranging from 0*01 mg. per kg. 
in tomatoes to 2 mg. per kg. in peas. Nickel 
has also been found in various organisms, 
mosses, and plants. Lehmann (Arch. Hyg. Bakt. 
1909, 78, 421) investigated the solubility of 
nickel and came to the conclusion that if aU 
food were cooked in nickel the total quantity 
absorbed would be insignificant. Experiments 
with oats and dogs showed that no ill-effects 
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resulted when proportionately much larger 
quantities were absorbed. In a report to the 
Committee of the Royal Society on “ Fats and 
Fatty Acids as Foods,” Cushny stated, “ Minute 
traces of nickel in hydrogenated fats are not 
injurious to health. Nickel is among the most 
harmless of metals.” Pratt (J. Nutrition, 1930, 
8, 141) investigated the action of nickel on 
vitamins and stated it had no destructive effect. 
He observed that nickel dissolved from nickel 
milk containers had no catalytic effect on the 
destruction of vitamins- A, -By and -C. Nathan 
(Zentr. Bakt. 1904, 12 , [ii], 93) stated that 
nickel had a slightly injurious action on fruit 
musts, but the polished metal had no injurious 
action on apples or beer wort, although the 
colour of the latter was changed. Various 
workers have observed that weak solutions of 
nickel chloride inhibit the growth of bacteria. 
Du Bois (Schweiz. Mod. Wochschr. 1931, 21 , 
278) noted that nickel dermatitis caused by 
vapours from hot plating baths occurs with 96% 
of the workers employed. Attack is rare when 
cold solutions are used. Lanolin on the skin is a 
preventative. 

USES OF NICKEL. 

Malleable Nickel. — Wrought nickel is 
chiefly employed for coinage, food, and chemical 
plant, and for anodes and cathodes in wireless 
receiving valves. Nickel is an excellent coinage 
metal. It is resistant to wear and corrosion and j 
so tough that it cannot be counterfeited easily. 
Moreover, as it is magnetic, any counterfeit in 
a non-magnetic material could be readily 
detected. 

Electrodeposition. — Electrodeposited nickel 
is one of the most widely used protective 
coatings on both ferrous and non-ferrous metals. 
Current practice is to use coatings of a thou- 
sandth (0*001) of an inch, usually flashed with 
chromium. The presence of a good underlay 
is essential for successful chromium plating, as 
too thin an underlay strips in the bath. The 
building up of worn parts by electrodeposition 
has been developed extensively. Coating by 
spraying is an alternative method of application. 
Automobile manufacturers are large users of 
plating anodes and have carried out, or inspired, 
many of the recent improvements in plating 
technique. 

Nickel Catalysts. — Nickel, as a salt or in 
the form of metal turnings, is used to catalyse 
the hydrogenation of unsaturated organic com- 
poxmds, notably for the production of solid 
edible fats from cotton -seed and peanut oils 
in the manufacture of margarine {v, Vol. VI, 
1776). Other uses for nickel catalysts occur in 
oil refining, in the synthesis of ammonia and 
nitrates from nitrogen and its oxides, of alcohols 
&om oxides of carbon, and of the higher hydro- 
carbons from acetylene. Two new processes 
for desulphurising coal gas are also based on the 
use of ni^el catalysts (v. Vol. V, 466a). 

Nickel Steels. — ^Wrought and cast alloy 
steels containing nickel are widely specified 
where the combination of high strength and 
toughness is needed. Used alone, or wiA one or 
more of the carbide-forming elements, such as 


I chromium and molybdenum, nickel permits the 
production of steels having a high strength to 
I weight ratio, with good resistance to wear and 
fatigue. By suitable heat -treatment, tensile 
strengths exceeding 100 tons per sq. in. can be 
obtained in the more complex steels. With sub- 
stantial alloy additions, excellent heat and 
corrosion-resisting properties are obtained. 

Heat-treated nickel alloy steels are extensively 
used in the manufacture of automobile and aero 
engines, machine tools, and agricultural 
machinery, and in general engineering and 
ordnance. Steels in the normalised condition 
are employed in locomotive and bridge construc- 
tion. The heat- and corrosion-resisting types 
have innumerable uses in many industries {see 
also Vol. Vll, 48). 

Nickel Silvers. — The alloys of nickel, zinc, 
and copper, usually known as nickel silvers, 
represent one of the oldest and most substantial 
uses for the metal. The white colour is obtained 
with 18-22% of nickel, but compositions con- 
taining down to 8% of nickel are often used for 
key metal and low priced articles. Nickel silver 
is used as a base for silver-plated tableware and 
for plumbing and architectural metalwork. 

Nickel-Iron Alloys. — Several special 
nickel-iron alloys have important, although 
limited, uses. Those containing 25-30% of 
nickel, cooled at normal rates, are non-inagnetic 
and are used in the electrical industry. With 
a nickel content of about 36% a low coefficient 
of Imear expansion is obtained ; this type is 
used in horology. With about 40-50% of 
nickel, the coefficient of expansion is similar to 
that of glass, and the alloy is useful for lead-in 
wires for electric lamps. Alloys containing 
between 60 and 78*5% of nickel have high 
magnetic permeability at low field strengths 
and are used in radio, submarine- cable, and 
telephone communications. 

Nickel -Copper Alloys. — Cupro-nickels con- 
taining about 20-30% of nickel have good 
ductility, toughness, and cold-working proper- 
ties, and are resistant to corrosion. The 70/30 
composition is used for condenser tubes. Alloys 
containing about 45% of nickel are employed 
for electrical resistances. The most important 
of these binary alloys is “ Monel ” {v. this 
Vol., p. 231rt). 

Electrical Resistance Alloys. — Nickel- 
chromium and nickel-chromium-iron alloys are 
almost universally employed for electrical resist- 
ance purposes in electric fires, furnaces, and 
domestic apparatus. The ternary alloy, em- 
ployed in furnace construction, is now frequently 
used for chemical plant. 

Nickel Cast Iron. — ^Small percentages of 
nickel improve the quality of grey iron in suit- 
ably adjusted compositions, producing a finer- 
grained structure with high strength and greater 
uniformity of properties. Increasing the nickel 
content improves wear and abrasion resistance, 
and used in conjunction with chromium, pro- 
duces extremely hard martensitic irons suitable 
for roUs and crusher jaws. Austenitic cast irons 
for corrosion and heat-resisting purposes and 
heat-treatable types which can be hardened and 
tempered are now widely used in the automobile 
and metal working trades. 
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Other Uses. — ^There are numerous alloys 
which contain small percentages of nickel and 
are widely used. Many brasses, bronzes, and 
aluminium alloys come in this category. In 
other alloys, which have a limited use, the nickel 
addition may be substantial, as in nickel-iron- 
aluminium permanent magnet materials (?;. 
Maohetio Alloys, Vol. VII, 456( ), white gold, 
and die-t!asting alloys. There are about 1,000 
nickel-containing trade-marked alloys on the 
market. 

A. E. H. 

NICKEL MINERALS. Nickel consti- 
tutes 0*01 0% of the first ten -mile depth of the 
earth’s crust and occupies about 24th place in 
the frequency-sequence of elements. More than 
85% of the nickel of commerce is obtained from 
ores containing ni(^kel sulphides associated with 
iron and copper sulphides, the remainder 
coming largely from hydrous nickel silicate ores. 

The principal ore mineral is peyitlandite, a sul- 
phide of iron and nickel, (Fe,Ni)gSg, usually 
with Fe:Ni approximately 1:1, the nickel 
content averaging 34*5%. Small amounts of 
cobalt arc usually present. According to the 
latest edition of Dana’s “ System of Minera- 
” (11144), the formula usually given for 
pentlandite, (Fe,Ni)S, is erroneous. Among 
the silicate ores the chief mineral is the apple- 
green hydrous nickel magnesium silicate, 
garnierite, perhaps (Ni,Mg)Si03,nH20, but 
very variable in composition, particularly as 
regards the nickel : magnesium ratio. It is 
seldom homogeneous, and may be accompanied 
by nickel -bearing nontronite and beidellite. 
Minor amounts of nickel are obtained from 
niccolite, NiAs, millerite, NiS, and from the 
light green bloom of secondary origin, annaber- 
gite, Ni3As208,8H20. 

The great deposits of Sudbury, Ontario, 
dominate the world nickel production, having 
yielded about 85% of the entire global output 
during the past decade. In these deposits 
nickel is present almost wholly as pentlandite, 
in intimate association with pyrrhotite, Fe„Sft+i, 
and chalcopyrite, CuFeSg, the ores averaging 
about 1*6% nickel and 2% copper. The ore- 
bodies lie along or near the base of a thick sheet 
of norite, a basic igneous rock often referred to 
at the “ nickel eruptive.” Similar sulphide 
deposits occur near Petsamo in Finland, Nor- 
way, and the U.S.S.R. In New Caledonia, 
which ranks next to Sudbury in nickel pro- 
duction, there are shallow deposits containing 
gamierite in a weathered mantle of serpentine 
derived by alteration of nickel- bearing peri- 
dotites, in which the nickel is originally present 
as a constituent of olivine. The average ore 
now smelted contains about 6% of nickel. 
Analogous silicate ores are also mined at Ufalei 
and el^where in the Urals, and on the island of 
Celebes in the Netherlands East Indies. 

During the past 25 years the world output 
of nickel has more than trebled, reaching about 
125,000 tons in 1940, of which Ontario provided 
nearly 80%, New Caledonia 13%, and the Soviet 
Union about 3%. Nickel is essentially an alloy 
metal, mostly used in the manufacture of special 
steels, either alone or in addition to chromium, 
manganese, and other ferro-alloy metals. It 


has been estimated that in 1939 the consumption 
of nickel was as follows : steels (including con- 
structional, stainless, corrosion- and heat- 
resisting, and castings), 60% ; nickel-copper 
and nickel silvers, 10% ; “ nickel-clad. 

Inconel,'' etc., 10%; electrodeposition, 8%; 
nickel cast-iron, 3% ; heat-resistant and elec- 
trical resistance alloys, 3% ; nickel brass, bronze, 
and aluminium alloy castings, 2% ; other uses, 
4%. Since that date the proportion of nickel 
utilised in steel and fouiulrv work has increased. 

D. W. 

NICOT INAMIDE. Pyridine-3-carboxyl- 
amido. Used for prophylaxis and treatment 
of pellagra, usually with other factors of the 
vitamin-jB complex. B.P. Add. VI., B.P.C. 
(6th Supplement) (w. this \^)l., p. 480^7, , and 
Synthetic Drugs). 

S. E. 

NICOTINE, CjoHi^Ng, is a liquid, volatile 
alkaloid occurring in tobacco {Nicotiana tabacum 
Linn., and A. rvslica) as citrate and malate, 
together with small amoimts oianabaaine {v. V ol. 1, 
365d) and l-nornicothie, C 9 H 12 N 2 (Ehronstein, 
Arch. Pharm. 1931, 269, 627 ; Spilth and 
Kesztlor, Ber. 1937, 70 LR]» 704), nicotyrine, 
CjflHigNg (Wenusch, Biochem. Z. 1935, 275, 
361 ; Spath and Kesztler, Ber. 1937, 70 [B], 
2450), and other alkaloids. J^artially racemisod 
d-T\OTnicotine ocscurs in Jhiboisia hopwoodii 

MueU. (Spfi-th, Hicks, and Zajic, ibid. 1935, 
68 [B], 1388 ; 1936, 69 [B], 250). Tobacco con- 
tains, as a rule, from 1 to 8% of nicotine, but 
by far the greater proportion of commercial 
tobacco contains not more than 4% {v. Toracco). 

Preparaiio7i . — Nicotine and tobacco extract 
are largely used as insecticides, and a consider- 
able industry has been developed in the manu- 
facture of these products from waste tobacco, 
and from the liquors obtained in the manu- 
facture of chewing tobacco. Reid (Chem. and 
Ind, 1931, 50, 954) estimates the world pro- 
duction at 500 tons per annum. Extraction of 
the tobacco with water, usually in a continuous 
extraction apparatus, and concentration of the 
resulting liquor affords tobacco extract, and 
this is treated with lime or other alkali and 
steam-distilled. The crude nicotine is ex- 
tracted from the distillate with ether or other 
organic solvent, or the distillate is neutralised 
with sulphuric acid and concentrated to yield 
commercial nicotine sulphate. R. Hofmann 
(Chem.-Ztg. 1934, 58, 700 ; G.P. 593259, Jan. 
26th, 1933) recommends as an economical 
method adsorption of the nicotine from the 
vapours of the steam distillation by a suitable 
charcoal (made from tobacco was^), followed 
by elution with an orgauic solvent. 

Estimation. — The majority of the methods 
employed involve a preliminary steam distil- 
lation of the nicotine from an extract containing 
a slight excess of alkali, this procedure serving 
to separate nicotine from most other alkaloids. 
The nicotine may be estimated in the distiJate 
by direct titration with 0-1 N. sulphuric arcid, 
using Methyl Red or iodoeosin as indicator 
(Kissling, Z. anal. Chem. 1882, 21, 76; Schick 
and Hatos, Z. Nahr. Genussm. 1914, 28, 269), 
but the silicotungstate method (Bertrand and 
JaviUier, Bull. Soc. chim. 1909, [iv], 5, 241) is 



478 


NICOTINE. 


usually preferred, since ammonia does not 
interfere. The distillate is made 0-6% in hydro- 
chloric acid, and silicotungstic acid is added. 
The precipitate is coUected after 24 hours, 
washed with cold 0*1% hydrochloric acid and 
ignited at ca. 800°. The weight of the residue 
(SiOg,! 2WO3), multiplied by 0-114, gives the 
weight of nicotine (“ Official and Tentative 
Methods of Analysis of the Assoc. Off. Agric. 
Chem.,” 4th ed. 1935, p. 60 ; Avens and Pearce, 
Ind. Eng. Chem. [Anal.], 1939, 11, 605). Alter- 
natively, the silicotungstate 

(B3,Si03,12W03,2H30) 

may be weighed after drying at 100° (Rapp, I 
Woodmansee, and McHargue, J. Assoc. Off. 
Agric. Chem. 1942, 25, 760). Pfyl and Schmitt 
(Z. Unters. Lebensm. 1927, 54, 60) precipitate 
nicotine from the neutralised (Methyl Red) 
distillate as the dipicrate, which is collected 
and titrated with 0-1 n. sodium hydroxide in the 
presence of toluene and phenolphthalein. 
Polarimetric methods have been described by 
Konig (Chem.-Ztg. 1911, 35, 521), Tingle and 
Ferguson (Trans. Roy. Soc. Canada, 1916, [iii], 
10, 27) and Tate and Warren (J.S.C.I. 1937, 56, 
39t). Micro-determination can be effected by 
the silicotungstate method (Spies, Ind. Eng. 
Chem. [Anal.], 1937, 9, 46), colorimetrically 
(Sutherland, Daroga, and PoUard, J.S.C.I. 1939, 
68, 284 ; Markwood, J. Assoc. OiEF. Agric. Chem. 
1940, 28, 792) or turbidimetrically (idem, ibid., 
p. 800). For estimation of nicotine in the 
presence of anabasine, see Shmuk and Borozdina 
(J. Appl. Chem. Russia, 1939, 12, 1585). An- 
al3rtical methods have been reviewed by Tomkin 
(“ Allen’s Commercial Organic Analysis,” 5th 
ed., 1929, Vol. VII, p. 625). 

Properties. — Pungent, colourless, laevorota- 
tory, hygroscopic liquid, b.p. 247°, which 
becomes brown in air owing to oxidation {cf. 
Ciamician and Silber, Ber. 1915, 48, 181). 
Distils unchanged in steam, in an atmosphere of 
hydrogen or nitrogen or in vocilo. For v.p, 
over the range 100-250°, see Gorbachev (J. 
Appl. Chem. Russia, 1934, 7, 388). Completely 
miscible with water below 60° and above 210° ; 
between these temperatures miscibility is 
limited, the solubility curve having the form of 
a closed loop (Hudson, Z. physikal. Chem. 1904, 
47, 113). Forms an azeotrope with water con- 
taining 2-5% nicotine, b.p. 99-988° (Smith, Ind. 
Eng. Chem. 1942, 84, 251). For partial v.ps. of 
nicotiiie and water over aqueous solutions at 
25°, see Norton, Bigelow, and Vincent (J. 
Amer. Chem. Soc. 1940, 62, 261). Nicotine has 
pf-1'00926 (Jephcott, J.C.S. 1919, 116, 104), 
increasing to 1*04 on addition of water up to 
33% (Hudson, l.c.), and [a]^®= — 169*3° (Lowry 
and Lloyd, ibid. 1929, 1771) ; its salts are 
dextrorotatory. Aqueous solutions are strongly 
alkaline; the salts crystallise with difficulty, 
but the dipicrate, B,2C3Hg(N02)30H, glancing 
yellow prisms, m.p. 224°, is characteristic. For 
microchemical identification, the formation of a 
crystalline precipitate with mercuric chloride, 
soluble in dilute acetic acid, is highly character- 
istic (Glycart, J. Assoc. Off. Agric. Chem. 1938, 
16, 346 ; cf. Wenusch, Z. Unters. Lebensm. 


1 1934, 67, 601). Nicotine and its salts are precipi- 
I tated even in dilute solutions by the alkaloidal 
reagents. 

Beactions and Constitution . — ^Nicotine contains 
one N -methyl group, and reacts with methyl 
iodide as a di tertiary base. On oxidation it 
yields nicotinic acid (this Vol., p. 4796), and 
hence contains a pyridine nucleus substituted 
at the jS-position. Pinner (Ber. 1892, 25, 
2807 ; 1893, 26, 292, 765) suggested the structure 
(I), and this has been proved correct by the 
oxidation of nicotine isomethiodide to N - 
methylnicotone (II) by means of potassium 
ferricyanide ; chromic acid then yielded l- 
hygric acid (III) (Karrer and Widmer, Helv. 
Chim. Acta, 1925, 8, 364). 
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The structure (I) has been confirmed by syn- 
thesis. The original synthesis of nicotine by 
Pictet and collaborators (Ber. 1895, 28, 1911; 
1898,31,2018; 1900,83,2355; 1904,87,1225), 
in which nicotyrine (IV) was an intermediate, 
involved the use of drastic conditions and hence 
did not afford a reliable proof of structure. 
Spath and Bretschneider (Ber. 1928, 61 [B], 
327) condensed ethyl nicotinate with N-methyl- 
pyrrolidone to give a ketone (V), which on acid 
hydrolysis yielded the amino-ketone (VI). The 
latter was i^uced to a secondary alcohol, which 
was converted to the corresponding iodo- 
compound; on standing in alkaline solution, 
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this furnished dZ-nicotine. A third synthesis 
has been described by Craig (J. Amer. Chem. 
Soc. 1933, 55 , 2854), in which w^-nicotine is an 
intermediate. 
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Minor Alkaloids . — The molecular structures 
of nicotyrine and nomicotine follow from their 
relationship to nicotine, and from their syntheses. 
The former can be obtained from nicotine by the 
action of various mild oxidising agents, or by 
dehydrogenation over platinised asbestos at 
320° (Wibaut and Overhoff, Rec. trav. chim. 
1928, 47, 935). Its reduction to dZ-nicotine, 
achieved with difficulty by Pictet (l.c.), has been 
effected more simply by controlled hydrogena- 
tion in presence of paUadiscd charcoal (Spftth 
and Kuffner, Her. 1935, 68 [B], 494). l-nor- 
Nicotine has been obtained from nicotine by 
several demethylation processes (M. and M. 
Polonovski, Compt. rend. 1927, 184, 331, 1333 ; 
von Braun and Weissbach, Ber. 1930, 63 [B], 
2018; SpHth, Marion, and Zajic, ibid. 1936, 69 
[B], 251) ; and is reconverted to nicotine on 
methylation (Spath and Zajic, ibid. 1935, 68 [B], 
1667 ; Craig, l.c.). 

H. T. 0. 

NICOTINIC ACID, Niacin;' pyridine-S- 
carboxylic acid, 

r^^'^llCOOH 

was first obtained by Huber (Annalen, 1867, 
141, 271) by oxidation of nicotine with chromic 
acid. 

Preparalion. — 1. From nicotine by oxidation 
(Huber, l.c . ; Laiblin, Annalen, 1879, 196, 135). 
A method suitable for the laboratory prepara- 
tion, giving yields of 60% or better, uses con- 
centrated nitric acid as the oxidising agent 
(McElvain, Organic Syntheses, Coll. Vol. I, 
1932, p. 378). 

2. By oxidation of jS-picoline (Seyfferth, J. pr. 
Chem. 1886, [ii], 34, 258), 3-ethylpyridine 
(Ladenburg, 1896, 301, 162), 3-phenylpyridine 
(Skraup and Cobonzl, Monatsh. 1883, 4, 468) or 
3:3'-dipyridyl (Skraup and Vortmann, ibid., 
p. 694). For the technical preparation of 
nicotinic acid by this method, suitable starting 
materials are the base fractions b.p. 136-142° 
from ooal-tar, petroleum, or bone-oil (Pinner, 
Ber. 1900, 88, 1227; Weidel, ibid. 1879, 12, 
1992). 

3. By decarboxylation of pyridine-polycar- 
boxylic acids, notably quinolinic and i^oquino* 
hnio acids; this may be effected thermally 
(Hoogewerff and Van Dorp, Annalen, 1880, 
204 , 1X7) or by means of acids (Weidel and 
Herzig, Monatsh. 1886, 6, 982). 

4* fiy synthesis from pyridine. Pyridine-jS- 
khlphome amd, obtained by sulphonation of 


P5rridine, is converted to niootino-nitrile by 
standard methods and thence by saponification 
to the acid (Fischer, Ber. 1882, 15, 63), A 70% 
yield of nicotinic acid is obtained by carbonation 
of the product of reac^tion of butyl-hthium and 
3-bromopyridine (Gilman and Spatz, J. Amer. 
Chem. Soc. 1940, 62, 446). For preparation of 
nicotinic acid in the laboratory, pyridine is 
brominated to 3-broraop3a’idine ; this is then 
converted by distillation with cuprous cyanide 
to the nitrile, and the latter hydrolysed to 
nicotinic acid (McElvain and Gocse, ibid. 1941, 
63, 2283). 

Physical Properties. — Nicotinic acid forms 
colourless needles from water or alcohol, m.p. 
235-5-236-5° (Gordin and Flexser, J. Amer. 
Pharm. Assoc. 1940, 29, 230), readily soluble in 
hot water or hot alcohol, only very slightly so 
in ether. It sublimes undecomposed above 
150°. Electrolytic dissociation constant 1*58 
X 10“^ (Erlenmeyer, Epprecht, and Meyenburg, 
Hclv. Chim. Acta, 1937, 20, 310) ; for the di- 
electric (coefficient, see Devoto and Ardissone 
(Gazzetta, 1935, 65, 1235) ; for the heat of 
neutralisation, see Devoto (Atti. R. Accad. 
Lincci, 1934, 19, 50). The absorption spectrum 
shows a maximum at 385 m/x. (e=3,800) 
(Hunecke, Ber. 1927, 60 [B], 1461). 

ClfEMICAL PeOPERTIES. 

Nicotinic acid yields pyridine when the cal- 
cium salt is distilled with soda-lime (Weidel, 
Annalen, 1873, 165, 343). The location of the 
carboxyl group follows from the production of 
the acid by decarboxylation of both quinolinic 
and isoquinolinic acids ; the structures of the 
latter are known from their formation from 
synthetic quinoline and iaoquinoUne respec- 
tively. In aqueous solutions of nicotinic acid, 
equilibrium exists between the true acidic 
form and the zwitterion, the former pre- 
dominating (Devoto, Z. Elektrochein. 1934, 40, 
490 ; Hunecke, l.c. ; Kuhn and Brydowna, Ber. 
1937, 70 [Bl, 1333). Reduction of nicotinic 
acid in alcoholic solution with sodium gives 
piperidine-j3-carboxylic acid {nipecotic acid) ; 
reduction in aqueous solution with sodium amal- 
gam gives a-hydroxymethylglutaric acid (Laden- 
burg, ibid. 1892, 25, 2768). 

Nicotinic acid is amphoteric and forms salts 
with both acids and bases. The basic copper 
salt, Cu( 0 H)CeH 402 N, forms a bright blue 
insoluble precipitate ; the silver salt, 

AgCeH^OjjN, 

needles from water (Laiblin, l.c.) ; the calcium 
saU, Ca{C^H^O^H)^,6Hfi, is very in- 
soluble in water. Nicotinic acid gives no 
precipitate with lead acetate. The hydro- 
chloride, C 6 H 50 aN,HCI, m.p. 273-274° (McEl- 
vain, l.c.) is soluble in alcohol ; the hydrohroniide, 
CQH 502 N,HBr, plates from water or alcohol, 
m.p. 276°, may be sublimed (Claus and Pylchau, 
J. pr. Chem. 1893, [ii], 47, 416) ; the platini- 
cM&ride, 2 CeH 60 jN,PtCl 4 , 2 HCI, 2 Hj 0 , has 
m.p. 263° (Drummond and Funk, Bioohem. J. 
1914, 8, 604) ; the picrale. 
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yellow rods from water, has m.p. 214° (decomp.) 
(Swzuki, Shemimura, and Odake, Bioohem. Z. 
1912, 43, 89). 

Methyl Ni cot in ate prepared by the Fischer - 
Speier technique (Engler, Ber. 1894, 27, 1787), 
by the action of diazomethane on aqueous 
nicotinic acid, or by heating tetramethyl- 
ammonium nicotinate (Prelog and Picentanida, 
Z. physiol. Chom. 1936, 244, 56) has m.p: 39°, 
b.p. 204°, and is soluble in water, alcohol, and 
benzene. 

Ethyl Nicotinate has b.p. 223-224° (Camps, 
Arch. Pharm. 1902, 240, 353). 

Nicotinyl Chloride, obtained by not too 
protracted boiling of the acid with thionyl 
chloride, has m.p. 15-16°, b.p. 85°/12 mm. 
(Meyer and Graf, Ber. 1928, 61 [B], 2205); the 
hydrochloride^ m.p. 155-5-156-5°, sublimes in 
needles (Spath and 8pitzer, ibid. 1926, 59 [BJ, 
1479). 

Nicotinic Anhydride, m.p. 122-124° (Graf, 
Biochem. Z. 1930, 229, 164), is only slowly 
hydrolysed by water. 

Nicotinamide. 

Nicotinamide, or “ Niacinamide^''' first ob- 
tained by Engler {l.c.) from methyl nicotinate 
and methyl alcoholic ammonia, can also be 
prepared by treating the ethyl ester with 
aqueous ammonia (LaPorge, J. Arner. Chern. 
Soc. 1928, 50, 2477) or by treatment of the acid | 
with ammonia gas at 230° (Keimatsii, Yokota. 
and Satoda, J. Pharrn. 8oc. Japan, 1933, 53, 
994). It forms needles from benzene or chloro- 
form, m.p. 129° (Kuhn and Vetter, Ber. 1935, 
68 [B], 2374), is soluble in water, alcohol, and 
ether, and distils at 150-1 60°/5x 10~^ mm. The 
absorption spectrum shows two bands with 
maxima at 215 my., (c -7,100) and 260 my. 
(€=2,700) (Kuhn and Vetter, l.c.). Aqueous 
solutions of nicotinamide (and ni(;otinic acid) 
show yellow fluorescence in ultra-violet light 
(Hirt and Wimmer, Klin. Woch. 1939, 18, 765). 

Heating with thionyl chloride or phosphorus 
pentoxide converts nicotinamide to nicotino- 
nitrile, needles from ether-light petroleum, m.p. 
50°, b.p. 240-250°, readily soluble in water, 
alcohol, or ether (Meyer, Monatsh. 1902, 23, 
901 ; LaForge, l.c.). The action of bromine 
and potassium hydroxide on nicotinamide is 
complex, giving inter at., 3-aminopyridine 
(Camps, l.c.). 

Nicotinamide meihiodidey formed by boiling 
nicotinamide and methyl iodide has m.p. 204° 
(Karrer, Schwarzenbach, Benz, and Solmssen, 
Helv. Chim. Acta, 1936, 19, 811). 

Numerous N -substituted nicotinamides are 
known : nicotinmethylamide, noodles from 

benzene, m.p. 104-105° (Pictet and Sussdorf, 
Chem. Centr. 1898, 1, 677) ; nicotinanilide^ 
needles from benzene-ligroin, m.p. 132° {idem, 
ibid. ). N N -Disubstituted nicotinamides, formed 
by action of phosphorus pentoxide on nicotinic 
acid and a secondary amine in a solvent (B.P. 
460061), according to U.S.P. 1617332, have 
therapeutic activity; the most important is 
nicotindiethylamide (“ CoraminCt' “ Niketh- 
amide ”). * 

Nl cotin uric Acid, 3-pyridoylamino-acetic 
acid, obtained by treatment of the chloride or 


azide of nicotinic acid with glycine (Fox and 
Field, J. Biol. Chem. 1943, 147, 661), has m.p. 
214-244°. 

Nicotinic Acid Betaine, 

[O CO CHg NC6H4 COOJH 

is obtained by boiling nicotinic acid with chloro- 
acetic acid in dilute sodium hydroxide solution 
(Kirpal, Monatsh. 1910, 31, 972). 

Nicotinic Acid Methiodide, obtained by 
action of methyl iodide on nicotinic acid and 
excess sodium hydroxide, forms crystals from 
alcohol ether which blacken at 180°, m.p. ca. 
220°, and is converted by treatment with silver 


oxide into trigonelline. 
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ITij^onclline. 

Nicotinic Acid (Amide) as the Pellagka- 
Peeventative Vitamin. 


Nicotinic acid is probably present (mostly in 
the combined state) in all living cells. It was 
isolated from rice-polishings in 1911 (Funk, 
«l. Physiol. 1911, 43, 395; Suzuki, Shemimura, 
and Odake, l.c.) and from yeast by Vickery in 
1926 (J. Biol. Chem. 1926, 68, 585) ; the amide 
was isolated from heart muscle in 1935 by Kuhn 
and Vetter {l.c.). In the same year, attention 
was drawn to the biological importance of 
ni(^otinamide by the discovery that it is an 
integral xmrt of the molecules of cozymase 
(codehydrogenase I, di8pho8{)lioi)yridine nucleo- 
tide) and of (codehydrogenase II (triphospho- 
pyridine nucleotide) (Euler, Albers, and Schlenk, 
Z. physiol. Chom. 1935, 237, 1 ; Warburg ami 
Christian, Biochem. Z. 1935, 275, 464). 

In 1937 the essential nature of nicotinamide 
(or ni(^otinic acid) for micro-organisms, dogs, 
and humans was established. Supply of the 
acid or amide was found necessary for the 
growth of Staphylococcus aureus (Knight, Bio- 
chem. J. 1937, 31, 731) and the diphtheria 
bacillus (Mueller, J. Biol. Chem. 1937, 120, 219) ; 
the dietary factor curative of canine black- 
tongue, isolated from liver by Elvehjem, 
Madden, Strong, and Woolley (J* Amer. Chem. 
Soc. 1937, 59, 1767 ; Dann, Science, 1937, 86, 
616) was shown to be identical with nicotin- 
amide. The eflicacy of the acid in the treatment 
of the analogous deficiency condition in humans 
(pellagra) was reported by Fonts, Helmer, 
l^iopkovsky, and Jukes (Proc. Soc. Exp. Biol. 
Med. 1937, 37, 647; c/. Spies, Cooper, and 
Blankenhorn, J. Amer. Med. Assoc. 1938, 110, 
622; Elvehjem, Physiol. Rev. 1940, 20, 249). 
The acid (or amide) therefore became identified 
with the pellagra-preventative (P-P) factor of 
the vitamin-Bj complex. It may be remarked 
that pellagra is seldom due to dietary deficiency 
in nicotinic acid alone, and the importance of 
treatment by suppplementary administration of 
other members of the vitamin-B, complex has 
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been emphasised (Vilter, Vilter, and Spies, 
J. Amer. Med. Assoc. 1939, 112 , 420 ; Josephson 
and Klewan, Nature, 1939, 143 , 725). 

Other species for which nicotinic acid is a 
dietary essential are the pig (Chick, Macrae, 
Martin, and Martin, Biochem. J. 1938, 82 , 10), 
the monkey (Harris, ibid.^ p. 1479) and the chick 
(Koehn and Elvehjem, J. Biol. Chem. 1937, 118 , 
693). Rats can apparently synthesise nicotinic 
acid in their tissues {see Huff, PerLzweig, and 
Spilman, ibid. 1942, 142 , 401). 

Nicotinic acid is needed by plants (Bonner, 
Plant Physiol. 1938, 13, 806) and by micro- 
organisms. Some of the latter (e.gr., Chilo- 
moTias paramecium) can synthesise their nicotinic 
acid requirements (Hutchings, Jandorf, and 
Hastings, ibid. 1941, 138, 321); M. Guggen- 
heim (“ Die biogonen Amine,” New York, 
1940), has suggested that biosynthesis of 
nicotinic acid takes place from ornithine or pro- 
line via S-aminovaleric acid and guvacin. 
Micro-organisms dependent on an external 
supply vary in their response to nicotinic acid 
derivatives. For the diphtheria bacillus, re- 
sponse is greater to the acid than to the amide ; 
organisms of the PasteureUa group respond only 
to the amide; Haemophilus influenzse and H. 
parainfluenza require the whole codehydro- 


genase (Factor V) molecule (Koser, Berkman, 
and Dorfman, Proc. Soc. Exp. Biol. Med. 1941, 
47 , 504 ; Schlenk and Gingrich, J. Biol. Chem. 
1942, 143 , 295). Nicotinic acid also stimulates 
growth of H. pertussis (Hornibrook, Proc. Soc. 
Exp. Biol. Med. 1940, 45 , 598) and is required 
by organisms of the Proteus group (Pelczar and 
Porter, ibid. 1940, 43 , 151; Morel, Ann. Inst. 
Pasteur, 1941, 67 , 286). 

Specificity.— Compoxmda exhibiting antipel- 
lagra activity are nicotinic acid and amide, 
methyl nicotinate, ‘‘ coraminCy' and nicotinuric 
acid (Woolley, Strong, Madden, and Elvehjem, 
J. Biol. Chem. 1938, 124 , 715), quinolinic acid, 
pyrazine carboxylic acid, and pyrazine-2:3- 
dicarboxylic acid (Vilter and Spies, Lancet, 
1939, 2 , 423). The throe last mentioned are 
ineffective in treatment of canine blacktongue. 
Quinolinic acid and thiazole-6-carboxylic acid 
can replace nicotinic acid as growth factor for 
the dysentery bacillus. 

Mechanism of Vitamin Action. 

The vitamin activity of nicotinic acid and the 
amide is usually ascribed to the part they play 
in the cellular S 3 mthesis of cozymase and 
codehydrogenase II. These coenzynies are 
present in all living cells ; in combination with 
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the appropriate specific protein (apoenzyme), 
they constitute the effective agents of hydrogen 
transport in many of the dehydrogenation re- 
actions by moans of which the in vivo oxidation 
of carbohydrate is accomplished (for details, ^ee 
reviews by Baumann and Stare, Physiol. Rev. 
1939, 19 , 353; Barron, ibid. 1940, 20 , 184). 
Elucidation of the function of the nicotinamide 
residue in the coenzyme molecule was aided by 
the discovery of the reversible oxidation- 
reduction behaviour of nicotinamide methiodide 
(Karrer, Schwarzenbach, Benz, and Solmssen, 
l.c.) ; the nicotinamide residue in the coenzyme 
molecule is endowed with the ability to take 
up from the substrate two atoms of hydrogen 
with formation of the dihydro-coenzyme; the 
latter then gives up the hydrogen atoms to a 
suitable acceptor with regeneration of the 
ooenzyme molecule (Warburg, Christian, and 
Oriese, Biochem. J., 1936, 282 , 167). The wide 
VIII.--31 


range of organisms requiring nicotinic acid 
indicates its function in some fundamental bio- 
chemical process, and analogous coenzyme func- 
tion has been established for other Z?-vitamms 
(aneurin and riboflavin). Supporting the view 
that nicotinic acid functions biologically as the 
pyridine nucleotides are (i) the requirement of 
the less synthetically versatile micro-organisms 
for the whole cozymase molecule, (ii) the ob- 
served synthesis from nicotinic acid of the 
pyridine nucleotides by micro-organisms and 
erythrocytes (Axelrod, Spies, and Elvehjem, 
J. Biol. Chem. 1931, 188, 667) and, (iii) the 
decrease from normal of the pyridine nucleotide 
content of striated muscle during pellagra in 
humans, and in liver and muscle in canine black- 
tongue. Part of the therapeutic activity of 
nicotinamide may be due to the specific in- 
hibitory effect it exercises against breakdown of 
cozymase by cellular nucleotidases (Mann and 
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Quastel, Biochem. J. 1941, 35, 602). It is, how- 
ever, improbable that death in blacktongue is 
caused by direct failure of tissue respiration due 
to decrease in coenzyme content. In this con- 
nection the dehydration and electrolyte im- 
balance in nicotinic acid deficiency in dogs are 
significant, pointing to dysfunction of the supra- 
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renal cortex as the immediate cause of death 
(Handler and Dann, J. Biol. Chem. 1942, 145, 
146). This may, of course, be due to coenzyme 
deficiency, although intravenous administration 
to dogs with blacktongue of amounts of cozy- 
mase which, on the basis of nicotinic acid con- 
tent, would be expected to be beneficial, failed 
to effect a cure (Martin, Thompson, and Carvajal- 
Forero, Amer. J. digest. Dis. 1941, 8, 290). Since 
growth and respiration of dysentery bacilli are 
more favourably affected by the acid or amide 
than by intact cozymase, Saunders, Dorfman, 
and Koser (J. Biol. Chem. 1941, 138, 69) conclude 
that nicotinamide is concerned in cellular oxida- 
tions in some way other than as di- and tri- 
phosphopyridine nucleotides. 


Physiology. 

Nicotinic acid, the sodium salt, and the amide 
are used in treatment and prophylaxis of pel- 
lagra and have also been used successfully in 
treatment of many related clinical conditions. 
The daily requirement of humans is uncertain ; 
60-500 mg. daily, given orally, is the usual 
therapeutic dose ; dogs require 200-366 ftg. 
daily for each kg. of body weight (Schaeffer, 
Mcifcbbin, and Elvehjem, ibid. 1942, 144, 679). 
Nicotinic acid is of low toxicity, although in 
human subjects it may produce a transient 
vasodilation with sensations of flushing, burning, 
and itching; nicotinamide does not produce 
these effects. Large doses may be toxic ; dogs 
receiving 2 g. per day died within 20 days. 
Nicotinic acid is excreted in the urine, partly 
as the free acid, but in man and dogs trigonelline, 
and to a lesser extent, nicotinuric acid, are the 
principal metabolic end-products (see Sarett 


and Stonhouse, J. Nutrition, 1942, 23, 36). 
Methods suggested for assessment of status of 
nicotinic acid nutrition include assay of urinary 
excretion of trigonelline (Field, Melnick, Robin- 
son, and Wilkinson, J. din. Invest. 1941, 20, 
379), and nicotinic acid -excretion during 12-14 
hours after administration of a 600 mg. dose 
(Perlzweig, Sarett, and Margolis, J. Amer. Med. 
Assoc. 1942, 118, 28). 

Determination of Nicotinic Acid 
Derivatives. 

Methods have been developed for the assay 
of nicotinic acid in animal tissues, blood, urine, 
plant products, and foodstuffs. The methods 
employed can be considered under two principal 
headings. 

(а) Microbiological Methods. — In these, the 
nicotinic acid present in an extract is estimated 
by the growth -response induced in a micro- 
organism cultured in a nicotinic acid-deficient 
basal medium. In the method using Shigella 
paradysenterise as test-organism, growth stimu- 
lation is estimated turbidimetrically (Isbell, 
Wooley, Butler, and Sebrell, J. Biol. Chem. 1941, 
139, 499) ; that using Lactobacillus arabinosus 
uses titration of lactic acid produced by the 
micro-organism as the measure of growth stimu- 
lation. The latter method has the advantage 
that removal of turbidity or coloured contami- 
nants from extracts is unnecessary ; the method 
estimates accurately as little as 1 pg., and has 
been applied to the assay of a wide variety of 
materials (Tepley, Strong, and Elvehjem, J. 
Nutrition, 1942, 23, 417). The method is not 
specific for nicotinic acid, equivalent growth- 
responses being given by nicotinamide, nico- 
tinuric acid, and the pyridine nucleotides. 

(б) Chemical Methods. — Of those, the most 
satisfactory are modifications of the Konig 
method (J. pr. Chem. 1904, [ii], 70, 109) ; an 
aqueous solution of the acid is treated with 
cyanogen bromide, when the pyridine ring is 
split to give a substance which on addition of 
an aromatic amine produces a coloured com- 
pound. The colour intensity, estimated con- 
veniently by photoelectric colorimetry, is a 
measure of the nicotinic acid content of the 
solution. The reaction is not specific for nico- 
tinic acid, colour being given by pyridine 
derivatives with unsubstituted a-positions. A 
variety of aromatic amines have been used for 
the colour development {see Waisman and 
Elvehjem, Ind. Eng. Chem. [Anal.], 1941, 13, 
221 ). Difficulties encountered in the application 
of the chemical methods include: Need for a 
satisfactory extraction of the assay material; 
need for conversion of nicotinic acid derivatives 
to the free acid ; need for removal from extracts 
of coloured and other contaminants which inter- 
fere with the assay ; the instability of the colour, 
and interference with its development by salts ; 
need for blank tests with reagents, etc. The 
various procedures are designed to take care of 
these factors. 

For assay in tissues, the method of Dann and 
Handler (J. Biol. Chem. 1941, 140, 201) is con- 
venient. The fresh tissue is ground with sand 
and water, extracted with hot hydrochloric acid, 
purified by adsorption on and elution from 
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Lloyd’s reagent, impurities precipitated with 
lead hydroxide, and the nicotinic; acid in the 
filtrate estimated by the cyanogen bromide 
method, using Metol for colour development. 
Nicotinic acid in plant tissues may be determined 
by the cyanogen bromide method provided that 
the acjueons tissue extract is hydrolysed with 
acid prior to treatment witli the reagent (Hale, 
Davis, and Baldwin, ihid. 1942, 146, 553). For 
the determination in blood, we Klein, Perlzweig, 
and Handler, ibid. 1942, 1^, 27 ; Allinson, ibid. 
1943, 147, 785, in urine : see Melnick, Robin- 
son, and Field, ibid. 1940, 136, 131, 145; Perlz- 
weig, Levy, and 8arctt, ibid,, p. 729 ; the 
methods described permit the separate deter- 
mination of nicotinic acid (nicotinamide), 
nicotinuric acid, and trigonelline. For separate 
determination of “ bound ” nicotinic acid {i.e., 
that present as the pyridine nucleotides), and 
“ free ” nicotinic acid in tissues, see Handler 
and Dann (Z.r.) ; Axelrod, Spies, and Flvehjem 
{I.C.). 

Nicotinic Acid, Conieni of Foodstuffs . 

Reference* may be made to the following 
papers: Baeharach, Nutr. Abs. 1941, 10, 495; 
Tepley, Strong, and Flvehjem, l.c . ; Snell and 
Wright, Ihiiv. of Texas Publication, 1941, 
4137, 22 ; Cheldelin and Williams, ibid. 1942, 
4237, 97; Dann and Handler, l.c.; idem, 
.1. Nutrition, 1942, 24, 153 ; MeVicar and Berry- 
man, ibid., p. 235 ; Meintire, Waisman, Hender- 
son, and Flvehjem, ibid. 1941, 22, 535; Hale, 
Davis, and Baldwin, l.c. 

In the following table, various foodstuffs are 
classified in approximate order of tlu'ir values as 
dietary sources of nicotinic acid. 


Nicotinic acid 
content, 
nijz. })cr 100 c.c. 

FoodstnfT. 


.^>.'j-30 

Brewer’s veast ; wln'at hnin. 


;io 15 

Beef and ho^ Ih er ; chicKcn 
innsclc. 

breast 

10-5 

i 

Salmon nmsclc ; snioked ham ; 
chick<*n leg muscle ; heel' and hop 
muscle ; wlieat ; barley. 

5-1 

1-0*1 

Molasses ; soya beans ; cod muscle ; 
dried skim milk ; sjunach ; oats ; 
IJolished rice ; diied peas ; pota- 
toes, 

('al)hage; carrots. 


Milk is a relatively poor source of nicotinic 
acid, containing ca. 80/xg./100 c.c. Nicotinic 
acid content of meats is not appreciably de- 
creased by cooking or commercial processing. 

NICROSiLAU^ {v. Vol. VTI, 37d). 

NIG ELLA OIL, Small Fennel or Black 
Cumin oil, is a reddish semi-drying oil of bitter 
taste and aromatic odour occurring to the extent 
of 35% in the seeds of Nigella saliva L. (Fam. 
Rammculaceae). The following characteristics 
have been recorded : 0*925, saponification 

value 196*4-202, iodine number 107*4-116*2; 
Reichert-Meissl No. 3*4-5*4 ; solidifying point 
of fatty acids —16® to —19° (Crossley and Le 
Sueur, J.S.C.I. 1898, 17. 992; BureS and 
Hladkova, Casopis Ceskoslov. Ij4k. 1928, 8 , 
186; 1930,10,317). 


The .seeds also yiedd 1% of a yellow essential 
oil of unpleasant odour, which gives no fluores- 
cence, in ef)n trust to that obtained from Nigella 
daynascena whic'h gives a blue fluorescence, 

M. L. M. 

N I G ER SEED OIL. A diy.i;g oil ohf uinefl 
from the acliencH of Guizotia, abyssinica (Linn.) 
Cass {Guizofia oleifera DC.), a plant cultivated 
in East Africa, Ipdia, and the: Fast and West 
lndie.s. Attempts have also been made to 
grow it in Cermany. The athenes, which con- 
tain 40-45% of oil, are either cohl or hot pressed 
to give an oil of p 0-925-()'948, refractive index 
1 *472-1*477, iodine number 1 26*0-133*8, saponifi- 
cati n value 189-192, free fatty acids, as oleic 
2*5-0%. 

The component fatty acids (wts.%) of Indian 
and African oil have been found to be, respec- 
tively, myristic 1*7, 1*1, palmitic 5*0, 7*2, stearic 
2, 3*2, traces of higher saturated acids, oleic 
38*9, 17,linoleic 61*0, 71*1 (N. L. Vidyarthi and 
M. \\ Mallya, d. Indian Chem. Soc. 1940, 27, 
87; T. P. Hilditdi and 1. C. 8ime, J.S.C.I. 
1944. 63, 112). I’h(' refined oil is used for edible 
})urposes, ermh*]- oil for soap making and as a 
substitute for linseed oil in paints. 

M. L. M. 

NIGHT BLUE i.s the triphenylmethane dyo- 
stiiff* prepari*d from tctraethyldiaminobenzo- 
phonone and p-tolyl-a-naphthylamine. It forms 
insoluble compounds with Naphthol Yellow S 
and Picric Acid, which may be used for the 
estimation of these 8 ub 8 tan(; 08 . 

G. W. K. 

NIGROSINE {v. Vol. VI, 407d). 

N 1 1 N , a yellowish -brown fatty mass obtained 
by boiling hemipterous insects which feed on 
plants of the genus Spondias (Fam. Anacar- 
diacea*) in Yucatan and Veracruz. Schott 
(Chem. News, 1870, 22, 110; Report of the 
(■ommissioner of Agriculture, Washington, 
U.S.A. 1808, 208) records the following proper- 
ties : m.p. about 49°, about 0*92, soluble in 
ether. A film of the fat when heated above 
120° becomes tough and insoluble. A solution 
of the fat in oil ol turpentine is a waterproofing 
medium and if exposed to air in thin layers for 
a few days it acquires the properties of a hard 
drying varnish. 

J. N. G. 

N I KETHAM IDE. Pyridine-3-carboxyldi- 
ethylamide. “ Coramine.^'' Circulatory and 
respiratory stimulant. B.P. Add. III., B.P.C. 
{v. Synthetic Drugs). 

S E 

N INHYDRIN {v. Vol. I, 3246; VI, 307d). 

NIOBIUM (v. Vol. Ill, 309d). 

“N/PAG/N*^ (v. Vol. VI, 3466). 

^•NIRESIST^' {v. Vol. VII, 37d). 

N ISI NIC ACID (^;. Vol. Ill, 2476). 

NITRALLOY {v. Vol. VII, 47d, 60a). 

NITRATINE, Soda^nitre, or Chile saltpetre. 
Sodium nitrate, NaNOg, is the most abundant 
and commercially important of the natural 
mineral nitrates, with potassium nitrate a very 
oor second. Nitratine crystallises in the rhombo- 
edral system and is homeomorphous with 
calcite. Natural crystals are rare, the mineral 
being generally found as crystalline agpegates 
or grains, and as encrustations or widespread 
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deposits. Small rhombohedrons of nitratine can 
readily be grown artificially in a crystallising 
solution of sodium nitrate. They possess per- 
fect rhombohcdral cleavage and a double 
refraction even stronger than that of calcite. 
The natural mineral is colourless or white, also 
gr y, yellow, and reddish-brown, and has a 
vitreous lustre. It varies from transparent to 
nearly opaque, has a cooling and saline taste, 
and is strongly deliquescent, besides being easily 
and completely soluble in water. It colours the 
flame intensely yellow, and when heated in a 
closed tube with potassium bisulphate it emits 
red vapours of nitrogen oxides. Hardness 1-2 ; 
p 2-29. 

Owing to its ready solubility nitratine is con- 
fined to arid and desert regions, the only large- 
scale commercial deposits occurring in the 
Atacama, 'I'arapaca, and Antofogasta regions of 
northern Chile. Here the “ caliche ” or nitrate 
bed occurs as a superficial deposit from a few 
inches to 14 feet thick, overlain by a shallow 
covering of sand, gravel, and gypsum. It con- 
tains about 25% of sodium nitrate, together 
with 2-3% of potassium nitrate, 8-60% of 
sodium chloride, and numerous sulphates, 
borates, bromides, and iodates. Of the several 
theories advanced to explain the origin of these 
puzzling deposits the most acceptable seems to 
be that which attributes the source of the nitrate 
to the leaching of nearby volcanic rocks under 
unusually arid conditions. The sodium nitrate 
is extracted from the caliche in the Shanks 
process by leaching at boiling temperatures, and 
in the Guggenheim process by filtering and 
leaching at lower temperatures. Iodine and 
sodium sulphate are valuable by-products. 
Chilioan nitrate, in accordance with certain 
specifications, must contain a minimum of 
95-6% of sodium nitrate, 1-5% of sodium 
chloride, 0*76% of potassium chloride, and 0*6% 
of borax. The nitrate shipped to markets 
carries approximately 16% of nitrogen, together 
with minor quantities of magnesium, iodine, 
boron, calcium, lithium, etc., desirable for plant 
growth. 

Since their first commercial development in 
1826 the Chilean deposits have yielded about 
90 million tons of nitrate, the annual production 
during the past decade being about 1,400,000 
tons, which is less than half the output of the 
peak years 1928-1929. In 1937 the combined 
nitrogen production of the world was obtained 
thus: 76% from air, 17% from coal, ‘and 8% 
from Chilean nitrate. Nitratine is principally 
used as a fertiliser, and to a minor extent in 
the manufacture of chemical salts and explosives. 

References. — E,. B. Ladoo, “ Non-Metallic Minerals,** 
New York. 1925, 403-416; H. B. Graham, in “In- 
dustrial Minerals and Rocks,’’ American Institute of 
Mining and Metallurgical Engineers, New York, 1937, 
Chap. XXXII (with short bibUography) ; G. A. Roush, 
“Strategic Mineral Supplies, “ New York, 1989, 
Chap. XIV ; A. W. Allen, “ The Recovery of Nitrate 
from Chilean Caliche,” London, 1921 ; J. L. Rich, 

“ Physiographic Setting of the Nitrate Deposits of 
Tarapacd, Cnlle ; its bearing on the problem of origin 
and concentration,” Boon. Geol. 1942, 37, 188. 

D. W. 

nitre or SALTPETRE. A naturaJly- 
occuriing potassium nitrate, KNOg, crystallising 
in the orthorhombic system* usually as thin 


white encrustations or as silky hair-like tufts. 
Hardness 2; p2‘ll. Readily fusible, giving 
violet flame, and easily soluble in water, with 
a saline and cooling taste. Nitre becomes 
rhombohedral at 339°o., but this modification 
does not occur as a natural mineral. The 
natural nitre commonly results from the action 
of bacteria on organic remains. About 10,CK)0 
tons of refined saltpetre are produced annually 
from saline efflorescences on the surface of the 
soil in Bihar, Central India, the deposits being 
formed by reaction between urine, cow-dung, 
and wood-ashes from domestic fires. It also 
occurs as delicate crusts on the surfaces of earth 
and rocks in arid regions, and in the soil of 
limestone caves. Potassium nitrate (saltpetre) 
is present to the extent of 2-3% in the sodium 
nitrate deposits of Chile, and a product usually 
referred to in the trade as nitrate of soda-potash, 
a mixture of sodium nitrate and potassium 
nitrate containing about 14% .of nitrogen and 
14% of KftO, is exported mainly to the United 
States. Chile shipped more than 60,090 tons 
of soda-potash in 1940, chiefly for use as 
nitrogen-potash fertilizers. This Chilean nitrate 
is now find ng increased competition from potas- 
sium nitrate prepared from crude potash salts. 
The refined nitrate finds service in curing meats, 
and in the manufacture of black powder, fire- 
works, and tobacco. 

I). W. 

NITRILES have the general formula 
RC=N and can be regarded as esters of hydro- 
cyanic acid. They can be hydrolysed to car- 
boxylic acids without loss of carbon atoms and 
hence are often regarded not as esters of hydro- 
cyanic acid but as derivatives of the acids 
which they yield on hydrolysis. Thus CHg'CN 
is called both methyl cyanide and acetonitrile. 

Pelouze in 1834 obtained the first S3mthetic 
nitrile, propionitrile, by distilling barium ethyl 
sulphate with potassium cyanide. 

Preparation. 

1. One of the most important methods con- 
sists in heating an organic halide (generally 
alkyl or arylalkyl) with potassium or sodium 
cyanide in alcohol. In place of the halide a salt 
of an alkyl sulphuric or phosphoric ester or an 
arylsulphonic ester can be used. The salts are 
heated with the cyanide without a solvent or 
in a non-aqueous solvent (U.S.P. 2298231). A 
small amount of isonitrile is usually formed 
when this method is used. 

(2) By the dry distillation of amides or am- 
monium salts of organic acids with or without a 
dehydrating agent. This method has received 
many modifications and applications. A mix- 
ture of acid vapour and ammonia may be passed 
through a red hot tube (U.S.P. 2061314) or a 
mixture of acid and its ammonium salt may be 
heated together (B.P. 464106), alternatively 
ammonia may be passed through an acid or its 
ester and the resulting nitrile distilled off (F.P. 
812369). Suitable dcSiydrating agents for the 
conversion of amides or ammonium salts into 
nitriles are phosphorus pentoxide, thionyl 
chloride, phosphorus trichloride or osychloriae 
in pviidine. dimethylaniline. p-toluenesuli^tmyl 
ohlond^.P. 612226; 486897; U.S.P.18^^; 



NITRILES. 


485 


J. Indian Chem. Soo. 1941, 18, 164), acetic 
anhydride (B.P. 532938), benzotrichloricle (G.P. 
517760; 524715) or, for higher monobasic fatty 
acid amides and diamides of aromatic dibasic 
acids„ phosgene can be used, e.g.^ 

R CONHaH- COCIg-^ R CN + CO 2 + 2HCI 

(B.P. 488036 ; Canad.P. 366967). 

Many catalytic methods for this dehydration 
have been described. Suitable catalysts are 
thoria, titanium oxide, boron phosphate, 
bauxite, kaolin, silicates, and various metals 
(B.P. 535187; 451594; G.P. 704494; F.P. 
847296). Mixtures of alcohols, acids, acid 
chlorides, esters, and ammonia with catalysts 
give nitriles (Abe, J. Soc. Chom. Ind. Japan, 
1933, 86, 42; Mailhe, Compt. rend. 1918, 166, 
36, 121, 125; idem, ibid. 1920, 170, 813; idem. 
Bull. Soc. chim. 1918, [iv], 23, 380; ibid. 1920, 
[iv], 27, 266 ; Mitchell and Reid, J. Amer. Chem. 
Soc. 1931, 53, 321). 

3. By diazotising a primary aromatic amine 
and decomposing the diazonium salt formed with 
cuprous cyanide or potassium cyanide and 
copper sulphate. An improved method involves 
decomposing the diazonium solution with alkali 
cupridiammonium cyanides or potassium cyanide 
and nickel chloride (B.P. 326149 ; G.P. 524187 ; ! 
U.S.P. 1879209 ; Korczynski and Fandrich, 
Compt. rend. 1926, 188, 421). 

4. Hydrogen cyanide reacts with certain 

ethylenic compounds in the presence of basic 
catalysts to give nitriles, e.g., with acrylic acid, 
and derivatives (G.P. 707852) or vinyl esters 
(G.P. 712373). Ammonia and a dehydration 
catalyst can replace hydrogen cyanide in this 
reaction (B.P. 295276; 332623; 332258; 

326795 ; G.P. 467220 ; 526798 ; 528897 ; 

U.S.P. 1421743). 

5. Alkyl t>onit riles rearrange to nitriles on 
heating to 250°. 

6. Nitriles are produced when cyanogen is 
passed into a boiling mixture of an aromatic 
hydrocarbon and aluminium chloride (Karrer and 
Zeller, Helv. Chim. Acta, 1919, 2, 482 ; Karrer, 
Rebmann, and Zeller, ibid. 1920, 8, 261). 

7. By dehydrating aldoximes, 

RCH:NOH RCN + HjO 

with acetic anhydride or pyridine hydrochloride 
(Hauser and Vermillion, J. Amer. Chem. Soc. 
1941, 68, 1224, 1227). 

8. By heating an acid with a thiocyanate. 
Best results are obtained when the lead or zinc 
salt of the acid is heated with lead or cuprous 
thiocyanate or a mixture of lead ferrocyanide 
and sulphur (Reid, Amer. Chem. J. 1910, 48, 
162 ; Van Epps and Reid, J. Amer. Chem. Soc. 
1916, 88, 2120). 

9. Nitriles are prepared, often in good yield, 
by the action of cyanogen or cyanogen chloride 
on a Grignard reagent. 

R MgCI + CNCI R CN -f MgClj 

(Grignard and Courtot, Bull. Soc. chim. 1915; 
[iv], 17, 228; Grignard and Ono, ibid.. 1926, 
[iv], 89, 1689 ; Bellet and Courtot, Ann. Chim. 
1920, [ix], 12, 364). 

10. By treating cyanogen chloride with zinc 
alkyl. 


I 11. By treating primary amines containing 
j more than five carbon atoms with bromine and 
potassium hydroxide. 

12. By removal of sulphur from i^othiocyantes 
with metallic copper. 

13. By heating diarylthioureas with zinc dust. 

14. By the action of alcoholic potassium 
hydroxide, sodium ethoxide, or a Grignard 
reagent on an aldehyde chlorimine, e.g., 

RCH:NCI + NaOEt 

-V R CN NaCI I- EtOH 
R CH:NCI -f R' MgX 

R CN + R'H -I MgXCI 

(Hauser and Gillespie, J. Amer. Chem. Soc. 
1930, 52 , 4517 ; Maistre, Rainsford, and Hauser, 
J. Org. Chem. 1939, 4, 106). 

15. By distilling formanilides with hydro- 
chloric acid ( r zinc dust. 

16. Dehydration of cyanohydrins with thionyl 
chloride, or catalytically, yields nitriles (G.P. 
496372). 

17. Certain amino - acids {e.g., histidine, 
glycine, alanine) yield nitribs on treatment with 
sodium p-toluenesulphochlorainido (Dakin, Bio- 
chem. J. 1916, 10 , 319). 

18. Unsaturated nitriles may be prepared by 
condensing cyanoacetic acid with aldehydes : 

R CHO + CN CHg COgH R CH : CH CN 

19. By passing the vapours of alkyl nitrites 
or amines over nickel at 300-4(K)® (S sbatier and 
Gaudion, Compt. rend. 1917, 165 , 224; Mailhe, 
ibid., p. 557; 1918, 166 , 996; Bull. Soc. chim. 
1919, [iv], 25 , 588). 

Properties. 

The lower nitriles are colourless liquids which 
can be distilled without decomposition. The 
higher members are crystalline solids. 



Formula. 

M.p. 

B.]). 

Acetonitrile . 

CH3 CN 

- 41 " to 

82'’ 

Propionitrile 

CHrCHvCN 

-44^ 
-91 9" 

971° 

w-Ilutyro- 
nitrile . 

CHvCHz CH2 CN 

-1120“ 

118° 

Steuronitrile . 

Ci 7 H 35 CN 

-f-4r 

274-5°/ 

Bcnzoiiitrile . 

QHjCN 

-13° 

100 nnn. 
190-7° 

Phenylaceto- 
nitrile . 

CftHj CH2 CN 

- 23-8° 

234° 

Acrylonitrile 

CH,;CH CN 

-82° 

78-79° 

Malononitrile 

CH,(CN)2 

4 32- r 

220° 


Excepting the lower members the nitriles are 
only slightly soluble in water. They are 
hydrolysed by acids and alkalis to ammonia 
and the corresponding carboxylic acid. Strong 
hydrochloric or sulphuric acid is usually required, 
and if these fail, aJcobolic potassium hydroxide 
may be successful. Very resistant nitriles can 
often be hydrolysed witn orthophosphoric acid 
(Berger and Olivier, Rec. trav. chim. 1927, 46 , 
600 ; Olivier, ibid. 1929, 48, 568), or the nitrile 
may be pase^ with steam over heated alumina 
or thoria (Mailhe, Compt. rend. 1920, 171, 245). 
By the ad^ion of alcoholic sulphuric or hydro- 
cMoric acid nitriles are converted into esters 
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(Spiegel, Ber. 1918, 51, 216; Pfeiffer, ihid.y 
p. 805 ; Pfeiffer, Engelhardt, and Alfuaa,'Anna]cn, 
1928,467,158). 

R CN IR CONHa] R COOH 
R CN I EtOH R COOEt + NH3 


llHually the intermediate amides eannot be 
isolated when the simple nitriles are. hydrolysed 
by the above method, but when heated with 
water at 180° or with alkaline hydrogen per- 
oxide at 40°, acid amides are obtained (Radzis- 
zowski, Ber. 1885, 18, 355 ; Lciiiert, J. pr. Ohem. 
1895, [ii], 52, 431 ; Me Master and Langreek, 
J. Amer. Chcrn. Soi^. 1917, 39, 103). Secondary 
amides are formed from nitriles by treating 
with organic acids, while treatment with acid 
anhydrides gives tertiary amides. 

Hydroxylainine reacts with aliphatic nitriles 
giving arnidoxiraes ; 


.NH 

RCN + NHgOH -> RCr 

^NHOH 


Hydrogen sulphide gives thioamides (Ralston, 
Van derWal, and Mcdbrkh*, J. Org. Ohem. 1939. 
4, 68) ; an alcoholic solution of hydrogen (hloride 
gives imino -esters : 


RCN 


RCf 


,NH 

^OEt 


(Pinner, Bor. 1883, 16, 353; 1884, 17, 184, 
2002 ). 

Grignard reagents react readily with nitriles, 
particularly aromatic nitriles, to give derivatives 
of ketimines from which ketones may be 
obtained by hydrolysis : 


RCN + R'MgX 

Rv 




)C:NMgX 




CO 


R'/ 


This is a useful method of preparation of ketones 
but cannot be used with the lower nitriles which 
polymerise under such conditions, or with 
nitriles containing reactive hydrogen atoms, 
e.gr., cyanoacetic ester (Blaise, Compt. rend. 
1901, 132, 839; 133, 1217; Bary, Bull. Soc. 
chim. 1922, [iv], 31, 397; Ectors, Bull. Soc. 
chim. Belg. 1924, 83, 146). 

Ketones are also producjed from nitriles by the 
Hoesch reaction (Ber. 1915, 48, 1112; 1917, 
50, 462 ; Houben and Fischer, J. pr. Ohem. 
1929, [ii], 123, 89; ideniy Ber. 1930, 63 [B], 
2455, 2464), in which a phenol and the nitrile 
are condensed in the presence of hydrogen 
chloride sometimes together with zinc chloride. 
Polyhydric phenols undergo this reaction more 
readily then monohydric phenols. 

When a nitrile is added to a mixture of 
stannous chloride and ethereal hydrochloric 
acid reduction takes place and an aldimine is 
formed, 

RCN RCH;NH, 


1925, 127, 1874; 1930, 2786; King, L’Ecuyer, 
and Openshaw, ihid, 1936, 352). More vigorous 
reduction with sodium and ethyl or amyl alcohol 
gives an amine ; 

RCN RCHa-NHg. 

It is njore usual to carry out this reduction 
i catalyticjilly with hydrogen. In neutral solu- 
tion a mixture of primary and secondary amines 
results (von Braun, Blessing, and Zobol, Ber. 
1923, 56 [BJ, 1988; Winans and Adkins, 
J. Amer. Chem. Soc. 1032, 54, 306). The use 
of a platinum catalyst and glacial acetic acid as 
solvent increases the yield of primary amines 
(Kindler, Peschke, and Dehn, Annalen, 1931, 
485, 113; Rosenmundo and Pfannkuch, Ber. 
1923, 56 [Bj, 2258). Good yields of acetylatcd 
primary amines have been obtained when reduc- 
tion was carried out in acetic anhydride using a 
platinum catalyst (Carothers and Jones, J. 
Amer. (%em. Soc. 1925, 47, 3051 ; Schales, Ber. 
1935, 68 [BJ, 1943). Primary amines arc also 
formed by reduction of nitriles with palladium- 
charcoal in alcoholic hydrogen chloride (Hartung, 
J. Amer. Ohem. Soc. 1928, 50, 3370) or with 
nickel in the presence of ammonia at 100-150° 
(Winans and Adkins, kc. ; Schwoegler and Adkins, 
ibid, 1939, 61, 3499; U.S.P. 2166151). 

Metallic derivatives can be obtained from 
nitriles which contain a hydrogen atom on the 
carbon atom which ( arries the cyanide group, 
e.g,y pheuylacetonitrilo forms a sodio or potassio 
derivative when treated with the metal in an 
inert solvent in an atmosphere of nitrogen 
(Upson, Maxwell, and Parmclee, J. Amor. Chem. 
Soc. 1930, 52, 1971 ; Rising and Lowe, ibid. 
p. 2524) : 

Ph CHgCN -> Ph CH:C:NNa 

the hydrogen liberated during the reaction 
rcdifces some of the derivative to toluene and 
sodium cyanide. In liquid ammonia the sodio 
derivative of phenylacetonitrile is formed ex- 
clusively (Baldingcr and Nieuwland, ibid. 1932, 
54,828; 1933,65,2851). The metallic deriva- 
tives are inflammable in air, phenylsodioaeeto- 
nitrile giving benzoic acid and sodium cyanide ; 
on heating this derivative stilbene is formed. 
Alkyl halides react readily with these derivatives 
giving secondary or tertiary nitriles : 

RI-hPh CH:C:NNa-> Ph CHR CN-f Nal 
R'H-Ph CR:C:NNa-> Ph CRR'CN-f Na I 

(Baldinger and Nieuwland, l.c. ; Ramart, 
Compt. rend. 1926, 182, 1226; B.P. 263950; 
F.P. 728241 ; G.P. 473329 ; U.S.P. 1690325). 

Under certain conditions nitriles polymerise 
readily. On treating with sodium or sodamide 
in ether, bimolecular products are obtained, 
e.g.y acetonitrile gives the imino-nitrile of 
acetoacetic acid : 


CH.CiNH 

I 

CHjCN 


which is hydrolysed rapidly with warm water Phenylacetonitrile under similar conditions 
to the corresponding aldehyde (Stephen, J.C.S. gives first a dimer which ring-closes : 
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This reaction has been studied extensively by 
J. F. Thorpe {cf. Atkinson and Thorpe, J.C.S. 
1906, 89, 1906; 1907, 91, 678; 1909, 95, 1901) 
and has found many useful applications in the 
S 3 Tithesi 8 of organic compounds. Under more 
vigorous conditions nitriles of the type of aceto- 
nitrile and phenylacetonitrile give trirnolecular 
products, e.g.f acetonitrile on heating with 
sodium ethoxido gives a pyrimidine, cyano- 
methine : 

N 

MeC-^ "" iC NHg 

3CH3CN -> II 

^CMe 


in a similar manner purely aromatic nitriles, 
e,g,, benzonitrile, give triazincs : 

Ph 
t 

3PhCN -> 

Ph 



Detection of Nitriles, 

Nitriles can be detected by reduction to the 
corresponding amines with sodium and alcohol 
and these identified by the usual methods ; 
hydrolysis to amides has also been used (Cutter 
and Taras, Ind. Eng. Chem. [Anal.], 1941, 13, 
830; Rovira and Palfray, Compt. rend. 1940, 
211, 396). Treatment of nitriles with Grignard 
reagents to give ketones which form character- 
istic derivatives has been described as a method 
of identification (Schriner and Turner, J. Amer. 
Chem. Soc. 1930, 52, 1267). Condensation with 
phloroglucinol (Houbon-Hoesch synthesis) gives 
readily characterised phlorophenones (Howells 
and Glenn, ibid, 1932, 54, 2461). 


fsoN it riles. 

woNitriles, taocyanides, or carbylaminos have 
the general formula : 

R— NC 

(Nef, Annalen, 1892, 270, 267 ; 1896, 287, 266), 
or; 

R_N^C 

(Langmuir, J. Amer, Chem. Soc. 1919, 41, 1643 ; 
Hammick, New, Sidgwick, and Sutton, J.C.S. 
1930, 1876). 

The first wonitriles were prepared in 1866 by 
Gautier by the action of silver cyanide on alkyl 


iodides. La/ter Hofmann prepared them by the 
action of chloroform and alcoholic potassium 
hydroxide on primary amines ; 

R NHa + CHClg -> R-NC -f 3HCI 

They are formed during the preparation bf 
nitriles {see Method 1) and when sodium hypo- 
chlorite reacts with certain ureides in alk^ine 
solution (Dumont and Decderck, J. Pharm. Belg., 
1931, 13, 925). 

The i^onitriles are reactive, volatile liquids 
with an extreruely repulsive odour. Their 
formation is often used as a method for the 
detection of primary aminos. 



Formula. 

B.p. 

Methyl '/^.-ocyanldo 

CH3 NC 

59° 

Ethyl rwx'yatiide ... 

CHvCHvNC 

79° 

Phenyl /.s'oeyanide 

CfeHsNC 

166° 


They are sparingly soluble in water and decom- 
pose on heating or standing for some time. They 
are stable to alkalis but are hydrolysed very 
readily with dilute acids or water at 180° giving 
formic acid and primary amines. With hydro- 
chloric acid in ether, i^onitriles, although not 
basic, form compounds of the typo : 

2RNC,3HCI. 

With sulphur above 100° they give mustard 
oils, wothiocyanates : 

R NC -f S ^ R NCS. 

With hydrogen sulphide thioformamides are 
produced, while with mercuric oxide isocyanates 
result : 

R NC + HgO -> Hg -I- R NCO. 

On reduction with sodium in amyl alcohol or 
catalytically, secondary amines are produced 
containing one methyl group : 

RNC -> RNHCH 3 . 

For a review of the reactions of wonitriles, ^ee 
Passerini, Atti R. Accad. Lincei, 1927, [vi], 2, 
377. 

J. B. 

NITROANILINES. Ortho- and para- 
nitroanilines are prepared by two methods, the 
nitration of aniline derivatives and the amina- 
tion of the corresponding chlorobenzenes. 
Nitration of aniline in sulphuric acid at —20° 
yields far less ortho- than pam-isomer, which is, 
however, accompanied by an almost equal 
quantity of raeta- owing to the large amount of 
aniline sulphate formed. Nitration of acet- 
anilide similarly gives mainly the paro-isomer, the 
amount of ortho- varying considerably with the 
conditions, being increased especially by the use 
of acetyl nitrate as reagent (Pictet, Ber. 1907, 
40, 1166). FuU details of the proportions of the 
different products obtained under varying con- 
ditions in aU these cases are given by HoUe- 
mann, Hartogs, and Van Linden {ibid, 1911, 
44, 704). MiiUer (Chem.-Ztg. 1912, 86, 1066) 
describes the technical preparation of p-nitro- 
aniline from aniline via acetanilide on the 200 kg. 
scale. The device of blocking the pam-position 
by sulphonation affords a similar route tp 
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o-nitroaniline. Sulphonation of oxanilide* fol- 
lowed by nitration, gives 2:2'-dinitro-oxanilide- 
4:4'-disulphonic acid, which is desulphonated by 
hot acid (Wiilfing, G.P. 65212; 66060). The 
hydrolysis of technical 2-nitroaniline-4>sul- 
phonic acid by hot sulphuric acid is a convenient 
laboratory method (Ehrenfeld and Puterbaugh, 

Organic Syntheses,” 9, 64 ; Sakellarios and 
Jatrides, Ber. 1925, 58 [BJ, 2286). 

The amination of nitrochlorobenzenes is the 
subject of numerous patents. Details for the 
pam-compound are given by the Clayton Aniline 
Co. (G.P. 148749), by Vasserman (J. Chem. Ind. 
E/Uss. 1930, 7, 1523), and in a series of patents 
by Saunders (B.P. 329260; 336136; U.S.P. 
1911717). It is claimed that the reaction is 
improved by the addition of lead dioxide and 
sodium acetate (Frye, U.S.P. 2104983), and salts 
of bivalent copper (Vorozhtzov and Kruilova, 
J. Gen. Chem. Russ. 1934, 4, 324). Corrosion 
of plant is reduced by the presence of amines 
(Dupont, B.P. 439055). Autoclaving with am- 
monia may be avoided by simple heating with 
ammonium acetate (Soc. Chim. de la Grande- 
Paroisse, G.P. 376796). 

The removal of o-nitroaniline from the crude 
pam- compound is accomplished by treatment 
with hot alkali (MerriU, U.S.P. 1692308; 
1786766; Davis, U.S.P. 1903030; Frye, U.S.P. 
2128699; Vorozhtzov and Kozlov, J. Gen. 
Chem. Russ. 1939, 9 , 587) or reducing agents 
(Miller, U.S.P. 1673154; 1848137). The best 
method of laboratory purification of o-nitro- 
aniline is that of Kuhn and Strobele (Ber. 1937, 
70 [B], 779) by chromatography on alumina in 
benzene. 

Methods of analysis of such mixtures are by 
setting-points (Hollemann, Hartogs, and Van 
Linden, tfnd. 1911, 44 , 704) and chromatography 
on calcium hydroxide (Karrer and Neilsen, B< r. 
Ges. Physiol. Exptl. Pharmakol. 86, 529; 
Amer. Chem. Abstr. 1937, 31, 6531). Specific 
techniques for determination of ortAo- and pam- 
compounds in the me(a- are by estimation of the 
ammonia evolved by alkali (Semiganowski, Z. 
iinal. Chem. 1927, 72 , 27) and bromination 
(Shiviskaya, Prom. Org. Chim. 1936, 1, 163). 
Steam distillation (Terent’ev, Klimova, and 
Puziureva, Amer. Chem. Abstr. 1935, 29 , 2479), 
and reduction followed by colorimetric estima- 
tion with acetylacetone (Kulikov and Panova, 
J. Gen. Chem. Russ. 1932, 2 , 736) serve for 
orfAo‘ in para-. The pam-isomer in the ortho- 
may be estimated by conversion to the phenols, 
steam distillation, and titration of the residue 
after reduction to p-aminophenol (Shcher- 
bachev. Prom. Org. Chim. 1938, 5, 753). 

o-NItroanlline. — ^Manufacture and prepara- 
tion as above. Golden yellow plates or needles 
from water, m.p. 71*5°, soluble in hot water and 
organic solvents. 

w-'Nftroanlline is prepared by the reduction 
of m-dinitrobenzene, usually by sodium sul- 
phide (typical prooedure—Oobenzl, Chem.-Ztg. 
1913, 89 , .799). More recent modifications in- 
clude the addition of ammonium chloride 
(Kirchov and Eskin, Amer. Chem. Abstr. 1930, 
25, 2441), sodium bicarbonate (Vorontzov, J. 
Chem. Pnd. Russ. 1930, 7 , 2146), and an inert 
solvent such as naphtha. Alternative reducing 


agents are manganous sulphide (Dawes, U.S.P. 
1765660), iron turnings and chloride (Lyons and 
Smith, Ber. 1927, 60 [B], 719; Laubashevich 
and Voroshilova, Prom. Org. Chim. 1937, 4, 253). 
Yellow needles from water, m.p. 114°, soluble in 
hot water and organic solvents. 

p-Nitroanlline. — Manufacture and prepara- 
tion as above. Pale yellow needles from water, 
m.p. 148°, soluble in hot water and organic 
solvents, not volatile in steam. 

2:4-Dinitroaniline may be manufactured 
from 2:4-dinitrochlorobenzene by treatment 
with ammonia under pressure. Heating with 
ammonium acetate is more convenient (Soc. 
Chim. de la Grande-Paroisse, G.P. 376796), 
especially in the laboratory (Wells and Allen, 
” Organic Syntheses,” 16, 22) ; an alternative 
is urea (Pfister, U.S.P. 1752998). It forms 
yellow needles from aqueous acetone, m.p. 180°, 
sparingly soluble in cold alcohol and hot water. 
It is feebly basic and is readily converted by 
alkali to the corresponding phenol. 

The remaining dinitroanilines may be pre- 
pared according to the procedures used by Welsh 
(J. Amer. Chem. Soc. 1941, 63, 3276). 

2:4:6-Trinitroaniline, Picramide. Holle- 
mann (Rec. trav. chim. 1930, 49, 112) gives 
details of the preparation from p-nitroaniline, 
and from acetanilide. 

2;3:4;6-Tetranitroaniline has been sug- 
gested as an explosive (T.N.A.) (v. Vol. IV, 
487d) by Fliirscheim, who gives a compre- 
hensive review of the subject (J.S.C.I. 1921, 
40, 97t). Macciotta (Gazzetta, 1930, 60, 408) 
describes the preparation of the corresponding 
nitroamine, which is decomposed to the aniline 
acid. 

G. W. K. 

N ITROCALCITE. A mineral consisting 
of hydrated calcium nitrate, Ca(N03)2,wH20, 
probably identical with the artificial monoclinic 
salt Ca(N03)2,4H20 {ph90). It occurs as 
an efflorescence of white silky fibres, and is 
usually found in limestone caves in association 
with nitre {ffce p. 4846). It is sometimes seen as 
an efflorescence on the walls of stables (“ wall- 
saltpetre ”). Calcium nitrate is now manu- 
factured on a large scale from atmospheric 
nitrogen for use as a fertiliser (v. Calcium, 
Vol. II, 203d). 

L. J. S, 

NITROCELLULOSES {v, Vol. IV, 501- 
535). 

NITROCHALK(t;. Vol. I, 362d; V, 66c). 

NITRO-COMPOUNDS, ALIPHATIC. 
The first nitroparaffin was made by Victor 
Meyer in 1872, by the interaction of amyl iodide 
with silver nitrite. Some interest was aroused 
at that time on account of the great chemical 
reactivity of this series but not until recent years 
has the method of direct nitration of the paraf- 
fins in the vapour phase rendered the lower 
members (from nitromethane to nitrobutane) 
available in quantity and opened up the possi- 
bilities of their technical exploitation. In this 
article it is proposed to review the general 
chemistry of aliphatic nitro-compounds under 
the three headings : I, Mononitroparaffins and 
their derivatives; II, Polynitro-compounds ; 
and III, d^-Nitro-olefins and their dexivatives. 
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A final section, IV, deals with, their known and 
potential uses. In view of the now extensive 
literature of this subject it is impossible to give 
a full bibliography in a short article ; where 
literature references are quoted, therefore, the 
most relevant have been chosen as far as possible. 

I. Mononitro-compounds and their 

Derivatives. 

Preparation. 

(o) By Interaction between Metallic Nitrites 
and Halogen or Sulphate Esters of Alcohols . — 
A nitropontane was first prepared by Victor 
Meyer (Ber. 1872, 6, 203) by heating amyl 
iodide with silver nitrite. The method is a 
general one and yields a mixture of the nitro- 
parafiin and the corresponding alkyl nitrite in 
relative amounts which vary with the nature 
of both the halogen and alkyl group (Reynolds 
and Adldns, J. Amer. Chem. Soc. 1929, 51, 
279), and which are readily separated owing to 
their widely different boiling-points. This 
method has been extended to the preparation of 
nitro-olefins othc^r than nitro- ketones, nitro- 
acids, and nitro-estcrs. Silver may be replaced 
by mercury, and the use of sodium nitrite in the 
preparation of nitromethano from methyl 
chloride or bromide has been described (Great 
Western Electro-Chemical Co., U.S.P, 2105681 ; 
2117931). A further variation is the use of 
alkali or alkaline earth nitrites with dimethyl or 
diethyl sulphates or salts of the corresponding 
hydrogen sulphates (r/. McCombie, Saunders, 
and Wild, J.C.S. 1944, 24). 

Salts of a-halogenated carboxylic ac'ids in 
which the halogen is attached to a primary or 
secondary carbon atom react with alkali nitrites 
to give salts of a-nitrocarboxylic acids which 
are readily decomposed to the corresponding 
nitroparaffin. Thus, nitromcthane is obtained 
in 61% yield from chloroacetic acid (Organic 
Syntheses, Coll. Vol. I, 393) : 

CHjCICO.Na NaNOz NOjCHjCOjNa 

CHjNOj+NaHCO, 

This is the only case in which a good yield is 
quoted. 

(6) Liquid-phase Nitration. — Although the 
paraffins are not nitrated as readily as are 
olefins and aromatic hydrocarbons, nitro- 
paraffins have been obtained from hydrocarbons, 
ranging from the pentanes to the residues from 
the distillation of petroleum, by treatment with 
hot nitric acid (Ellis, Chemistry of Petroleum 
Derivatives, Chemical Catalog Co. Inc., New 
York, I, 1040 ; Reinhold Publishing Corn., i 
New York, II, 1090). Paraffins or cycle- j 
paraffins containing a tertiary carbon atom yield 
tertiary nitroparaffins. In the absence of a 
tertiary carbon atom, although the entering 
nitro-group attaches itself to a secondary^ 
(usually in the 2 position), rather than to a 
primary carbon atom, primary nitro-oompounds 
are also formed in smaU amounts. The reaction 
is slow owing to the mutual insolubility of the 
reagents. Moreover, due to the solubility of the 
inirially formed nitro-compound in the nitric 
add, by-products such as polynitro-oompounds 
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and oxidation and hydrolysis products are also 
produced. As a consequence, the yield of 
mononitro derivatives is often poor. Increase 
in temperature results in more rapid reaction 
and better yields, and a 00% yield of 2-nitro- 
hexarie has been obtained from w-hexane by 
use of dilute nitric acid at a relatively high 
temperature (140°) in a sealed tube ; hot dilute 
nitric acid also nitrates the side chains of arali- 
phatic compounds (e.gr., toluene) without nitra- 
tion of the nucleus. In the case of the higher 
paraffins (Cg-Ci8)» superheated nitric acid 
vapour may be passed through the hydrocarbon 
at 121-200°. According to Grundmann (Die 
Chemio, 1943, 56, 159, 323) reaction then gives 
all the «ec.-nitro-compounds to bo expected fi’om 
random nitration. Nitric-acetic acid mixtures, 
benzoyl nitrate, and acetyl nitrate have also 
be.en used, but all suffer from the disadvantage 
that they are not stable under the reaction 
conditions. Sulphuric-nitric acid mixtures are 
unsuitable since primary nitroparaffins are 
quickly hydrolysed by hot sulphuric acid, 
while secondary and tci-tiary nitro- compounds 
are converted into tars. Little is known about 
the mechanism of these nitrations except that 
free radicals are not involved (Stevens and 
Schicssler, J. Amer. Chem. Soc. 1940, 62, 2886). 
The introduction of negative groups into 
paraffins facilitates nitration. Thus, Konowaloff 
found that chloro derivatives of butane and 
pentane were more easily nitrated than the 
hydrocarbons themselves (Chem. Zentr. 1904, 
75, I, 1478; II, 200; 190G, 77, II, 1552), while 
both ethyl acetate and aeetoacetic ester give 
nitroacetic ester with fuming nitric acid in 
acetic anhydride at 30-36° [Bouveault and 
Wahl, Bull. Soc. chim. 1904, [iii], 31, 847], 
Malonic ester and its amide are nitrated even 
more readily (Mcnke, B,ec. trav. chim. 1930, 49 , 
381). 

(c) Vapour -phase Nitration. — More recently, 
H. B. Hass and his collaborators (Ind. Eng. 
Chem. 1930, 28, 339; 1938, 30, 67; 1939, 31, 
648; 1940, 32, 427; 1941, 33, 1138; 1942, 34, 
300) have developed a new method for the 
nitration of paraffins which depends upon 
operation in the vapour phase. The gaseous 
paraffins were nitrated for the first time by this 
means. Methane is less easily nitrated than the 
higher paraffins. Ethane is nitrated somewhat 
more easily but not as readily as propane ; no 
appreciable difference has been observed in the 
case of paraffins higher than propane. Although 
paraffins as high as undecane have thus been 
nitrated the liquid phase method described by 
Grundman (Z.c.) is probably more suitable for 
the less volatile hydrocarbons since the higher 
nitroparaffins from • N Og begin to decom- 

pose at their boiling-points. Nitrogen peroxide 
may be used to replace nitric acid (I.C.I., B.P. 
527031 ; Hass and Riley, Chem. Reviews, 1943, 
32, 381). Increase in temperature or pressure 
increases the speed of the reaction. At low 
temperatures (100-200°) tertiary paraffins give 
tertiary nitro-compounds, while in other cases 
the entering nitro-group attaches itself to a 
secondary carbon atom rather than to a primary, 
as in the case of liquid-phase nitration (Hass and 
Riley, l.c.; Hass, Ind. Eng. Chem. 1943, 35, 
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1146; I.C.L, ^.c.). Dinitro-compounds are also 
formed. At higher temperatures (248-600®) the 
speed of the reaction is greatly increased, so 
that a continuous flow process can be con- 
veniently employed, but the character of the 
product is entirely changed. A mixture of all 
the mononitro- compounds which could theo- 
rectically result by replacing either any hydrogen 
atom or any alkyl radical in the hydrocarbon 
molecule with a nitro-group is obtained. Poly- 
nitroparaffins are not formed unless paraffins 
of rather high molecular weight are used, but a 
considerable amount of oxidation accompanies 
the reaction. In contrast to the liquid-phase 
method, however, very little of the nitrating 
agent is degraded to elementary nitrogen. The 
Commercial Solvents Corporation have erected 
a pilot plant at Peoria, Illinois, for the nitration 
of propane, butane, and wobiitane by the 
high temperature continuous flow process, and 
in May 1940 began the nitration of propane; 
they now market nitromothane, nitroethaiie, 
1-nitropropane, and 2-nitroj)ropane ; 1- and 2- 
nitrobutane have also been supplied in small lots. 
The mechanism of the reaction is obscure and is 
still under active investigation. Although 
c^cioparaffins and chloroparaffins have also been 
nitrated in the vapour phase, very few other 
aliphatic compounds have been treated in this 
manner (c/. Hass and Riley, l.c.). 

(d) Miscellaneous . — A nitro-group may bo 
introduced into a compound containing reactive 
methylene {e.g.^ benzyl cyanide, cyciopentadieno) 
by condensation with ethyl nitrate in the 
presence of sodium ethoxide. Phenylnitro- 
methane is most conveniently prepared by this 
method (Organic Syntheses, 19, 73) : 

PhCHjs'CN PhC(CN).NOjNa 

aq- PhC(C02Na):N02Na 

adfliflcntlon PhCH-jNOj 

l:2-Nitrochloro-compound8 have recently been 
obtained by the addition of nitryl chloride to 
olefins (Steinkopf and Kiiknel, Ber. 1942, 75 [B], 
1323), 


Physical Properties. 

The mononitroparaffins (C^ -Cl,) are colour- 
less liquids possessing boiling-points consider- 
ably higher than the parent hydrocarbon, and 
high dielectric constants. They are sparingly 
soluble in water, the solubility decreasing as the 
series is extended, but are soluble in the majority 
of organic solvents. The lowest member of the 
series, nitromethane, is anomalous in not being 
miscible with paraffins, and its use as a selective 
solvent in petroleum refining has been proposed 
{see p. 4976). Their toxicity is of a low order 
(about the same as petroleum naphtha). 

Reactions. 

(a) Action of Acids and Bases , — Primary and 
secondary nitroparaffins dissolve in aqueous or 
aqueous-alcoholic solutions of strong alkalis to 
form salts : tertiary ones do not. This is due 
to the fact that the first two can exist in two 
tautomeric forms, the normal and the salt- 


forming iso- or aci-form (also known as nitronic 
acids). Most of the chemistry of the aliphatic 
nitro-compounds arises from the reactivity of 
the oci-forms. They are apparently weaker 
acids than carbonic, since nitroparaffins can be 
regenerated from their salts by treatment with 
carbon dioxide. The structure of their salts is 
still unsettled (Hass and Riley, Z.c.), but their 
properties suggest the presence of the hybrid 


R" R" 



I. 


anion (I) in which the first structure pre- 
dominates. Thus, optically active sodium salts 
are known to exist and both C and O derivatives 
have been obtained on alkylation or acetylation. 
When these salts are acidified, the ari-form is 
released and in some cases, particularly when it is 
solid, can be isolated. The free acid form may 
then isomerise to the nitro-form on standing. 
To isolate the oci-form or the corresponding 
nitro-compound the acidification is best carried 
out either at a very low temperature or with a 
weak acid such as carbon dioxide or acetic acid ; 
otherwise at room temperature, if the aci-form 
is derived from a primary nitro-compound, 
rearrangement to a hydroxamic acid may occur 
(c/. Yale, Chem. Reviews, 1943, 38, 226) : 

RCHiNOOH -> RC(OH):NOH 

or it may decompose to nitrous oxide and an 
aldehyde (or a ketone in the case of a secondary 
derivative). In many cases the latter reaction 
predominates when an aqueous solution of the 
salt is added to excess cold dilute sulphuric acid, 
and aldehydes (or ketones) are obtained in 85% 
yield (Johnson and Degering, J. Org. Chem. 
1943, 8, 10). 

2R CH:N02Na 2H2SO4 

2R CHO -f NgO + 2NaHS04 + HgO 

2R2C:N02Na + 2H2SO4 

2R2CO + NaO + 2NaHS04 -f HaO 

Aldehydes and ketones may also be obtained in 
excellent yield by oxidation of the salts of 
primary and secondary nitro-compounds respec- 
tively with potassium permanganate or hydrogen 
peroxide (Nametkin and Posdnjakowa, Chem. 
Zentr. 1914, 1, 757). On the other hand, if the 
acidification of a salt derived from a primary 
nitro-compound is carried out with hot acid, 
carboxylic acids are obtained by hydrolysis of 
the hydroxamic acid shown above. Excellent 
yields of carboxylic acids and hydroxylamine 
can also be obtained by heating the primary 
nitroparaffins with 85% sulphuric acid (Lippin- 
oott and Hass, Ind. Eng. Chem. 1939, 31, 118) : 

R CHa-NOa -{- Hfi R COOH + NHjOH 

Secondary nitroparaffins yield tars with hot 
mineral acids. 
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Primary, Hecoiidary, and t-ertiary aliphatic 
nitro-compounds can be differentiated from one 
another by reaction with nitrous acid in alkaline 
solution. The ymmary compounds give a rod 
coloration due to th(^ formation of a nitrolic acid 
salt (II), while the secondary derivatives give a 
blue colour due to the formation of a 0-nitrole 
(III). Tertiary derivatives do not react. 

NO2 R\ NO2 

R.Q/ 

NONa R 


JI. 


HI. 


i/»-Nitroles are c(ui verted into the corresponding 
dinitro-compounds on oxidation with chromic 
acid, whilst with h vdroxylamino or sodium amal- 
gam in alkaline solution they yield ketoxirnes. 

The sodium salts of the aliphatic nitro- 
compounds arc usually colourless crystalline 
solids (cf. Hantzsch, Ber. 1907, 40, 1523) soluble 
in water but sparingly soluble in alcohol. 
Whim crystallised fr<^m alcohol they often con- 
tain alcohol of crystallisation and when dry arii 
unstable. For examj)le, sodium nitromethane 
explodes on heating on a water bath, on treat- 
numt with a little woUt, or on subjection to a 
sharp blow. The potassium salt is unstable at 
room tem})eratur(\ Sodium nitioethane also 
explodes on heating gently. Aqueous solutions 
of these salts can often be precipitated by the 
salts of heavy metals. Sodium nitromethane is 
exceptional in that it gives with mercuric 
chloride a 20% yield of mercuric fulminate by 
loss of water from the initially formed mercuric 
salt. 


(CH2:NOO)2Hg (CNO)2Hg t H 2 O 

When nitromethane is heated with strong 
alkalis, salts of methazonic acid, and nitroacetic 
acid are successively formed : 

CHgiNOgNa -f CH 3 NO 2 

[N02CH2CHoN(OH)ONa] -> 

NOHiCH’CHiNOaNa 4 H 2 O 

NaOOC CH-.NOgNa j N; C CH-.NOgNa] 

The intermediate iiitroacetonitrile can be 
obtained by action of ethereal thionyl chloride 
on methazonic acid (Steinkopf and Bohrmann, 
ibid. 1908, 41, 1048). The higher primarj^ 
nitroparaffins also undergo self-condensation on 
treatment with alkalis, but in this case three 
molecules take part. With inorganic bases, 
trialkyKaooxazoles (IV) are obtained, whilst 
organic bases yield l:3-dioximos (V) which, it is 
suggested, are intermediates in the former re- 
action (Lippincott, J. Araer. Chem. Soc. 1940, 
62, 2604). 


RC=CR 

I I NOH NOH 

RC O |( II 

RCCHRCR 

N 

TV. V. 

(b) Cofidenmtion vnth Aldehydes . — Almost all 
primary and secondary nitro-compounds con- 
dense with aldehydes in the presence of a 
catalyst. Basic catalysts (either inorganic or 
organic) are most commonly used but zinc 
chloride has been employed with aromatic 
aldehydes. Jn the case of formaldehyde, one 
or more of the a-hydrogen atoms is replaced by 
a methylol group according to the reaction con- 
ditions and when the product contains no free 
a-hydrogen, the process can be partially reversed, 
i.c., one methylol group can be removed, usually 
by treatment with one molecule of strong alkali : 

CH 3 NO 2 -> CH 2 ( 0 H) CHg-NOa 
(CH2 0H)2CH N02 ^ (CH2 0H)3C N02 
MeCH2 N02 "> CHMe(N02)*CH20H ^ 
CMeN02(CH2 0H)2 
MCgCH NOa ^ CMe2(N02) CH20H 


Cyclic acetals of type (VI) have been prepared 
from several of these diols and triols by further 
condensation with aliphatic aldehydes (Senkus, 
ibid. 1941, 63, 2635). 


/ 

R'CH 


^*^2 fqn 

/ \r" 

O— CH, ” 


VI. 


Higher aliphatic aldehydes yield alcohols in a 
similar manner, but here condensation is more 
difficult when only one a-hydrogen atom is 
present; tlie last hydrogen atom, however, is 
readily replaceil by a methylol group as described 
above : 

CH3 NO2 CHR(OH) CH2 NO2 
[CHR(0H)]2CH N02 

[CHR( 0 H)] 2 C(N 02 ) CH2 OH 

With basic catalysts, aromatic aldehydes yield 
monohydric alcohols but special precautions 
must be taken if it is desired to isolate them, 
since nitro- alcohols of these types are very 
readily dehydrated. Using zinc chloride as 
catalyst unsaturated nitro-compounds are ob- 
tained directly : 


Ar CHO F CH3 NO2 NaOH ^ Ar CH( 0 H) CH2 N02 ^ ArCH:CH N02 

I ..a. I 


The nitro -alcohols can be esterified by the 
usual methods to give acetates, phthalates, 
phosphates, and similar compounds. The tri- 
nitrate of trimethylol nitromethane is stated to 
have excellent explosive properties similar to 


nitroglycerine, but to be more stable and to have 
a lower freezing-point (Hofwimmer, J.S.C.I. 
1912, 31, 204). Certain nitro-alcohols have been 
oxidised to the corresponding nitro -ketones 
(Parkes and Williams, J.C.S. 1934, 67). 
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(c) Condensation with Ketones , — ^Nitromethane 
reacts with ketones such as acetone, methyl ethyl 
ketone, diethyl ketone, and methyl propyl 
ketone under the influence of a basic catalyst to 
give l:3-dinitroparaffins (Fraser and Kon, 
ibid. 1934, 604). Since l-nitro-2-methylpropene 
(VII) has been isolated from the product of the 
reaction between acetone and nitromethane and 
shown to react with nitromethane (Hass, Ind. 
Eng. Chem. 1943, 35, 1150) this reaction is 
believed to occur in the following manner : 

Me2CO+ CHg NOa-j^ Me2C(OH) CH2NOa 

MejjC(CH,NOs), MejC:CH NOs 

VII. 


cyc^oHexanone and cydopentanone behave 
similarly with the formation of nitro -alcohols. 
Isatin, a-diketones, and phenathraquinone also 
yield nitro-alcohols on condensation vith 
primary nitroparaffins (Zrike and LindWall, 
J. Amer. Chem. Soc. 1935, 57, 207 ; Jakubo- 
witsch, J. pr. Chem. 1935, [ii], 142, 37; Fujise 
et al, Ber. 1935, 68 [B], 1272). 

(d) Addition to Double Bonds . — Under the in- 
fluence of a basic catalyst, many primary and 
secondary aliphatic nitro -compounds will con- 
dense with compounds containing an activated 
double bond. The reaction takes place most 
readily with a/9- unsaturated ketones ; and when 
the initial product is a primary or secondary 
nitro-compound, further reaction may occur, 
e.y.. 


PhCOCHiCHg 


CH3 NO2 
MeONa"' 


PhCOCHgCHaCHaNOa 

-f (Ph CO CH2 CH2)2CH NO 2 

-f (Ph C0 CH2CH2)3C N02 


ajS-Unsaturated esters, nitriles, and nitro- 
compounds and benzylideneaniline have also 
been employed. It is interesting to note that 
Mannich bases derived from methyl ketones 
react with sodium nitromethane to form similar 
products (Reichert and Posemann, Arch. Pharm. 
1937, 275, 67) ; 


Me2N CH2 CH2 CO Ph 


GHj-NOz 
McONa ^ 


nickel and hydrogen under pressure. Weak 
neutral reducing agents such as zinc dust and 
water or aluminium amalgam yield hydroxyl- 
amines, also obtained in poor yield using sodium 
in liquid ammonia (Watt and Knowles, J. Org. 
(Siem. 1943, 8, 540), and in many cases in good 
yield by electrolytic reduction in the cold (Bruck- 
ner, Kramli, and Vinkler, Amer. Chem. Abstr. 
1939, 33, 1602). Catalytic methods (Pd/Hj in 
the presence of oxalic acid) have been used for 
the preparation of hydroxylamines from certain 
nitro-alcohols (Wilkendorf and Trenel, Ber. 
1923, 56 [B], 611). Primary and secondary 
nitro-paraffins yield jS-dialkylhydroxylamines 
on treatment with zinc dialkyls (Bewad, Chem. 
Zentr. 1900, II, 942 ; J. pr. Chem. 1901. [ii], 68, 
193 ; Mamlock and Wolffenstein, Ber. 1901, 84, 
2503) . Thus, N -ethyl- N -propylhydroxy lamine 
is obiaineil from nitromethane and zinc diethyl : 

CHjNO, CHjEtNEtOH 

Alkyl zinc iodides behave similarly, but Grignard 
reagents give a mixture of two )5-dialkylhydroxyl- 
amines (Bewad, ibid. 1907, 40, 3065; Moureu, 
Compt. rend. 1901, 182, 838; Wang, Trans. 
Sci. Soc. China. 1933, 7, 253) : 

RCH 2 NO 2 ^ 

CHRR'NR'OH + RCHjNR'OH 

Sodium amalgam or zinc dust in alkaline 
solution converts many primary and secondary 
niiro-compounds into oximes, which are also 
obtained in excellent yield when a solution of the 
sodium salt of the nitro-compound is treated 
with stannous chloride and hydrochloric acid 
in the cold (Konowaloff, Chem. Zentr. 1899, I, 
597). Reduction of primary and secondary 
nitroparaffins with zinc dust and glacial acetic 
acid, followed by hydrolysis of the resulting 
oximes in situ has given the corresponding alde- 
hydes and ketones in 43% yield (Johnson and 
Degering, J. Amer. Chem. Soc. 1939, 61, 3194). 
Tertiary nitroparaffins do not give oximes, but 
chloro-compounds of type (VIII) have been 
reduced by catalytic means to ketones. 

CRjCI NO* CRjCI NHj 

CRatNH RjCO 
VIII. 


NOaCHaCHgCHaCOPh 

Nitromethane also condenses with carbon disul- 
phide in the presence of alcoholic potassium 
hydroxide; further treatment of the resulting 
dithioacid salt with hot aqueous alkali yields the 
corresponding salt of nitroacetic acid, 

CHa-NOa + CSj KSSC CHrNOaK 

KOOCCHrNOaK 

Nitromethane and phenyl isocyanate yield <*>- 
nitroacetanilide, NOa'CHaCONHPh, and 
nitromalonanilide, N 02 *CH(CONHPh)j, 
under suitable conditions. 

(c) ReducHon. — Aliphatic nitro-compounds 
have been reduced to amines by a large variety of 
reducing agents, but the best yields result from 
the use of either iron and acetic acid or Baney 


Oximes can also be obtained by the decom- 
position of the methyl esters of the nitronic 
acids (Arndt and Rose, J.C.S. 1935, 1) : 

R CH-.NOOMe RCH:NOH + HCHO 

(/) Condensation with H-Methyhlamines . — 
Interaction of nitromethane with N-methylol- 
derivatives of sec-aliphatic and -heterocyclic 
amines leads to replacement of two hydrogen 
atoms and formation of a derivative of 2-nitro- 
l:3-propylenediamine : 

CHj NOg + 2RR'N CHj OH 

NOa CH(CH, NRR )g -f 2HjO 

With the higher nitroparafiine a similar reaction 
may lead to replacement of either or both of the 
reactive hydrc^en atoms (c/. Be Mauny, Bull. 
Soc. chim. 1937, [v], 4, 1451, 1460). The re- 
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action is presumably reversible, as treatment of 
* 2-nitro-l:3-di(dimethylamino)-propane with ani- 
line gives 2-uitro-l:3-dianilino-propane by dis- 
placement of dimethylamine (Dudon, Bock, and 
Beid, Ber. 1905, 88, 2036). 

{g) Halogenation . — The aci-form and alkali 
salts of primary and secondary nitroparaftins 
react with halogens with great ease to give 
a-halogon derivatives 

CRR':NOONa + Br^ 

BrCRR'NOj + NaBr 

All a-hydrogen atoms in nitroparaffins may 
thus be replaced, but to obtain the potyhalo- 
genonitromethanes, the presence of strong 
alkali must be avoided. Thus, chloropicrin is 
prepared by treatment of nitromethane with an 
alkali hypochlorite or with chlorine in the 
presence of calcium carbonate (Great Western 
Electro-Chemical Co., U.S.P. 1996388; Com- 
mercial Solvents Coij)., U.S.P. 2181411; cf. 
Jackson, Chem. Reviews, 1934, 14 , 251). a- 
Chloro- and a- bromo- nitroparaffins are more 
stable than the corresponding iodo-compoimds, 
many of which decompose on distillation (Seigle 
and Hass, J. Org. Chem. 1940. 5 , 100). Little 
is known about the reactivity of the halogen in 
these derivatives although certain members 
yield higher nitroparaffins with zinc dialkyls 
(Bewad, Ber. 1891, 24 , 973 ; 1893, 26 . 129), and 
with the sodium salts of 5 cc-nitroparaffins give 
l:2-dinitroparaffin8 (Seigle and Hass, Lc.), and 
with potassium nitrite and alcoholic caustic 
potash give gem-dinitro-compounds (ter Meer, 
ibid. 1875, 8, 1080). 

Chlorination of the nitroparaffins under the 
influence of phosphorus pentoxide and intense 
illumination causes replacement of hydrogen 
atoms other than those on the a-carbon atom 
(Hass and Riley, l.c.), but bromine gives the 
same products as under basic conditions. 

Other methods for the preparation of aliphatic 
chloronitro-compounds include the treatment of 
nitro-alcohols with phosphorus pentachloride 
and many obvious variations of the synthetic 
procedures already described {cf. Hass and Riley, 
I.C.). 

(h) Reaction with Diazo - compounds . — ■ 

azonium salts react with the salts of primary 
and secondary nitro-compounds in the absence 
of excess alkali to give hydrazones (IX) and azo- 
compounds (X) respectively : 

NOjCR:NNHAr 

IX. 

NO,CRR'N;NAr 

X. 

In the presence of excess alkali, a second a- 
hydrogen atom in primary derivatives is replaced. 

II. POLYNTTBO-OOMPOtWDS. 
liquid phase and low temperature (20-200®) 
TapouT'phase nitrations of paraffins often yield 
poiyicutoo*oompotmdB in which the nitro-groups 
may be attached either to the same or different 
oarwm atoms (Ellis, op. cit). Compounds of the 
latter type have also been prepared by the 


Victor Meyer procedure and by other reactions 
[I, Reactions (u), (d), (g) ; III, Preparation (a). 
Reaction (g^)]. In addition, l:2-dinitro-com- 
pounds have been obtained by the electrolysis 
of the salts of mononitro-compounds (Nenit- 
zescu, ibid. 1929, 62 [BJ, 2669). Apart from 1:2- 
and l:4-dinitro- compounds of the constitution 

NOjCHRCRa-NOa and 
NOa CHR CHrCH CRa-NOj 

which are exceptional in that they can be con- 
verted into unsaturated compounds by loss of 
nitrous acid [III, Preparation (a)], this type of 
polynitro-compound is similar in chemical 
properties to the mononitro-compounds. 

The preparation of ^ew.-dinitro-compounds by 
the oxidation of ^-nitroles and by treatment of 
an a-halogenonitro-compound with potassium 
nitrite and alcoholic potassium hydroxide has 
already been mentioned [I, Reactions (a) ; (gr)]. 
They can also bo obtained (a) by the action of 
nitric acid on secondary alcohols, ketones, and 
alkylacetoacetic esters (diethylcarbinol, diethyl 
ketone, and ethyl methylacetoacetate all yield 
l:l-dinitroethane), (b) by the nitric acid oxida- 
tion of saturated monocarboxyhc acids which 
contain a tertiary carbon atom (isobutyric and 
iao valeric acid both yield 2:2-dinitropropane) and 
(c) by the reduction of a-halogeno-dinitro- 
paraffins with ammonium sulphide or arsenious 
acid. Dinitromethane is imstable but the 
higher members can be distUled without decom- 
position. The primary dinitro-compoimds (i.e., 
those containing an a-hydrogen atom) are strong 
acids and almost certainly exist in the aci-form 
in aqueous solution. Their salts are yeUow in 
colour, yield a-halogeno derivatives with halo- 
gens, and couple with diazonium compounds. 
The potassium salt of dinitromethane has been 
condensed with aliphatic aldehydes to give 
alcohols, and with aldehyde-ammonia to give 
l:l-dmitro-2-aminopropane. Reduction of the 
primary compounds with tin and hydrochloric 
acid yields carboxylic acids, e.g.f l:l-dinitro- 
ethane gives acetic acid. Secondary compounds 
similarly yield ketones. With aluminium amal- 
gam, one nitrogen atom is readily lost giving an 
oxime which can be further reduced to an amine. 

Nitroform (trinitromethane) is best prepared 
from tetranitromethane and potassium ferro- 
cyanide ; smooth reaction gives the potassium 
salt of nitroform in quantitative yield : 

C(NO,)4-f2K4Fe(CN)e -> 

C(NOj),:NO,K -f KNO, + 2K3Fe(CN)e 

Potassium hydroxide or potassium ethoxide 
may also be used, but this is a very dangerous 
procedure owing to the risk of violent ex- 
plosions. The potassium salt gives free nitro- 
form with dilute sulphuric acid. Higher trinitro- 
paraffins have been obtained from the silver 
salt of nitroform and alkyl iodides. Nitroform 
is strongly acidic in aqueous solution, indicating 
the presence of the aci-form. Its mercury and 
silver salts are remarkable in that they are 
soluble in most organic solvents ; possibly they 
have the chelated structure (XI) (N. V. Sidg- 
wick, T. W. J. Taylor, and W. Ba^r, “ Organic 
Chemistry of Nitrogen,** Oxford University 
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Press, 1942, p. 246). The higher trinitro- 
paraffins, which cannot form salts, are converted 
into dinitroparaffins by alkalis. 

0 

t 

°\ 

O 2 NC Ag 

\n— -Q/" 

1 

O 

XL 

Tetranitromethane {cf. Sidgwick et al.^ op. 
cit.) has been obtained by nitration of many 
compounds in(‘luding acetylene and nitroform, 
but is best prepared from acetic anhydride 
and anhydrous nitric acid (Organic Syntheses, 
21, 105). It is stable when pure and boils 
without decomposition, but cannot safely be 
mixed indiscriminately with other organic com- 
pounds; thus with toluene violent explosions 
have been reported (Stettbacher, J. Ind. Hyg. 
(Abstr.), 1943, 25, 49 (2)) : acid reducing agents 
give guanidine. Tetranitromethane is used to 
test for the presence of double bonds since it 
gives yellow to brown-red colours with most un- 
saturated and aromatic compounds ; nitro- and 
carboxyl groups often inhibit this reaction. Its 
use for the nitration of olefinic compounds is 
referred to l)elow ; it will also nitrate the 
aromatic nucleus in dimethyl-p-toluidine and 
phenols, but in the presence of pyridine tert.- 
arylamines give N-nitroso derivatives of the 
corresponding alkylarylamino, e.g., dimethyl- 
aniHne gives N - nitrosomonomethylaniline 
(Schmidt and Fischer, Ber, 1920, 53 [B], 1529, 
1537). 

III. J^-Nitbo-olefins and theib Derivatives. 

Preparation. 

(a) From Unsaturated Hydrocarbons. — The 
direct nitration of olefinic compounds takes 
place much more readily than that of the 
paraffins. Thus, isobutene, aa-diphenylethy- 
lene, trimethylethylene, ethyl j3)3-dimethyl- 
acrylate, and ethyl p-nitrocinnamate all give 
J®-nitro derivatives on treatment with nitric 
acid. There is no doubt that the mechanivsm of 
the reaction is addition of nitric acid followed 
by dehydration of the resulting nitro-alcohol, 
e.g., 

CMejiCHa -> OH CMegCHa-NOg 

CMea:CH*N02 

The intermediate alcohol and its nitrate can 
often be isolated from the reaction product and 
the former is readily dehydrated to the un- 
saturated nitro-compound. 

The production of nitro-olefins by treatment 
of tertiary alcohols such as teri.- butyl alcohol 
and ben 2 yldimethylcarbinol with nitric acid is 
clearly a similar reaction which depends upon the 
initial formation of an unsaturat^ compound : 

(CH,)2C:CH‘NOa 


The treatment of certain styrene derivatives 
with tetranitromethane in pyridine gives the 
corresponding )3-nitrostyrene (Schmidt et al.^ 
ibid. 1922, 55 (B], 1751). 

J ‘^-Nitro-olefins are often obtained from the 
products of interaction of nitrous fumes (or 
nitrogen peroxide) and olefins (Priebs, Annah'u, 
1884, 225, 327; Lipp, ibid. 1924, 449, 15; 
Michael and Carlson, J. Org. Chern. 1939, 4, 
169; 1940, 5, 1). They are appaicntly pro- 

duced by the spontaneous decomposition of the 
primary addition products (XII) and (XIII), 

[NOCRR'CHR'-NOglg 

XII. 

NOg CRR' CHR' -NOg 

XIII. 

since it is known that many compounds of this 
type yield nitro-olefins with extreme ease 
(Gabriel, Bor. 1885, 18, 2438 ; Wieland and 
Bloch, Annalcn, 1905, 340, 63 ; Wieland, ibid. 
1903, 328, 187). It appears probable that the 
formation of 2 -nitro -2 -butene by the decom- 
position of the silver salt of nitroe thane (Angeli 
and Alessandri, Chem. Zontr. 1910, JJ, 731) 
proceeds through the intermediate foi niation of 
2:3-dinitro-«-butane, since this is also isolated : 

2CH3 CH:N02Ag->N0„ CHMe CHMe NO. 

CHgCHtCMeNOg 

In most cases, however, these addition products 
are more stable, but can usually be (converted 
into nitro-olefins by the action of caustic alkali 
(Wieland, l.c.). 

A number of dinitro- olefins have been ob- 
tained by treatment of liS-dienes with nitrogen 
peroxide. Thus, l:4-diphenylbutadiene gives 
l:4-dinitro-l:4-diphenyl-2-butene (Wieland and 
Stenzl, ibid. 1908, 360, 299; Ber. 1907, 40. 
4828) while 2:3-diphenylbutadiene gives both 
l:4-dinitro-2:3-diphonyl-2-butone and l:2-di- 
nitro-2:3-diphenyl-3-butene (AUon, Eliot, and 
Bell, Canad. J. Res. 1939, 173, 75). Butadiene 
itself yields l:4-dinitro-2-butene (I.C.I. B.P. 
532686). Dibenzalacetone gives a l:2-dinitro- 
compound. Here again, treatment with caustic 
alkali may remove nitrous acid; thus, 1:4- 
dinitro-l:4-diphonyl-2-butene gives 1 -nitro- 1:4- 
diphenylbutadiene (Wieland and Stenzl, l.c.). 

Acetylene derivatives such as phenylacetylene 
and tolane with nitrogen peroxide yield 1:2- 
dinitro-olefins, viz., 

NOaCPh;CH N02, N02CPh:CPh N02 

(Wieland, Annalen, 1921, 424, 71 ; Schmidt, Ber. 

I 1901, 34, 619), and nitryl chloride reacts with 
phenylacetylene to give j8-chloro-&-nitrostyrene 
(Steinkopf and Kiihnel, ibid. 1942, 75 [B], 1323. 

(5) From Nitro-alcohols. — ^Nitro-alcohols de- 
rived from aromatic aldehydes and primary 
aliphatic nitro-compounds are normally de- 
hydrated with extreme ease to give an un- 
saturated nitro-compound, but those derived 
from aliphatic aldehydes are usually much more 
stable and need a powerful dehydrating agent 
such as thionyl chloride, phosphorus pentoxide, 
potassium bisulphate, acetic anhydride or zinc 
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chloride. In the latter case the yields of nitro- 
olefin are often poor owing to the formation of 
polymeric by-products. Excellent yields can be 
obtained very easily, however, by the abstrac- 
tion of organic acid from the esters of the nitro- 
alcohols by heating with a trace of a weakly basic 
substance such as potassium carbonate or sodium 
acetate (Gen. Aniline and Film Corp., U.S.P. 
2257980’; Hass, 'and Riley, l.c. ; cf. Schmidt and 
Rutz, Ber. 1928, 61 [B], 2142) ; e.g., 

CH3CH(0Ac)CH2N02 

CH8CH:CHN02 + HOAc 

Some inorganic esters of nitro-alcohols have also 
been converted into J“-nitro- olefins by heating 
alone or with phosphorus pentoxide (Wilken- 
dorf and Trend, ibid, 1924, 57 [B], 306 ; Wie- 
land and SakeUarios, ibid. 1920, 63 [B], 201). 
In a similar manner, many l:2-dibromonitro- 
compounds of type (XIV) give l-bromo-l-nitro- 
olefins on treatment with mild alkalis (Thiele 
and Haeckel, Annaleii, 1902, 825, 1 ; Worrall 
and Tatilbaum, J. Araer. Chem. Soc. 1942, 64, 
1739). Bromonitro-olcfins of this type are 

ArCHBrCHBr-NOa 

XIV. ArCHiCBrNOa + HBr 

useful starting materials for the synthesis of 
a-nitroketones, the acetals of which they give 
on heating with alcoholic potassium hydroxide : 

PhCH:CBrN02 

PhCH(0CH3)CHBrN02 -> 

PhC(0CH8)aCH2N02 

Physical Properties. 

The d“-nitro- olefins are almost colourless when 
pure and their boiling-points are of the same 
order as the corresponding saturated compoiuids. 
Many of the lower members are strongly 
lachrymatory and polymerise readily. Polymeri- 
sation is catalysed by water and alkalis and in 
some cases occurs with almost explosive 
violence. Many substituted nitro-olefins (e.gr., 
)3-nitro8tyrene) also polymerise readily under 
the influence of a base. The structure of the 
polymers is unknown. Catalytic hydrogenation 
of a polymer from 2-nitropropene has given a 
water soluble polymer containing primary 
amino groups (Blomquist, Tapp, and Johnson, 
ibid. 1946, 67, 1619). 

Reactions. 

(a) Reduction. — ^No general method for the 
reduction of J®-nitro-olefins to the corresponding 
saturated compounds has yet been reported, 
although the quantitative conversion of 1-nitro- 
octene to 1-nitro-octane by hydrogen and a 
platinum catalyst is described by De Mauny 
(Bull. Soc. chim. 1940, [v], 7, 133). Hydro- 
genation of jS-aryl-J^-nitro-olefins in the presence 
of platinum gives dimolecular products, to- 
gether with small amounts of oximes (Sonn and 
SoheUenberg, Bor. 1917, 60, 1513 ; Kohler and 
Drake, J. J^er. Chem. Soc. 1923, 45, 1281 ; 
Banus and Vila, Chem. Zentr. 1923, HI, 1074) : 

PhCH:CHNO, ^ 

[CHPh CHjNOJ, -h PhCHgCH:NOH 


J ‘^-Nitro-olefins are not easily reduced to the 
corresponding saturated amines in good yield 
(cf. Hass, Ind. Eng. Chem. 1943, 85, 1161). 
Several successful processes depend upon the 
initial preparation of the oxime (see infra) 
followed by its reduction, but the yield in the 
second stage may be poor. Electrolytic reduc- 
tion of compounds such as )3-nitro8tyrene and 
jS-2-furyhiitroethylehe gives good yields in 
many cases and is to be preferred to chemical 
methods (Takamoto, J. Pharm. Soc. Japan, 
1928, 48, 22; Chem. Zentr. 1928, I, 2399; 
Slotta and Haberland, Angow. Chem. 1933, 46, 
766 ; Slotta and Szyszka, J. pr. Chem. 1933, [ii], 
137, 339). Catalytic reduction in a mixture of 
acetic and concentrated sulphuric acids has 
given good yields of amines from jS-nitrostyrene 
(or a-nitrostilbene) and its derivatives (Kindler 
! el al., Annalen, 1934, 511, 209 ; Arch. Pharm. 
1936, 273, 478 ; cf. Schales, Bor. 1936, 68 [B], 
1579). 

Zl^-Nitro-olefins are reduced to saturated 
oximes by zinc dust and dilute acetic acid, 
aluminium amalgam, and, in some cases, by 
iron and water (Bouveault and Wahl, Bull. 
Soc. chim. 1903, [iii], 29, 643 ; Nightingale and 
Janes, J. Amer. Chem. Soc. 1944, 66, 362; 
Rosenmund, Ber. 1909, 42, 4780; 1910, 43, 
3412; Wieland, Annalen, 1921, 424, 71; 
Purdue Res. Foundation, U.S.P. 2233823) : 

RCH-.CHNOji^iVRCHjCHiNOH + H,0 

Reduction of nitro-olefins such as )S-nitro- 
styreno and a-nitrostilbene with hydrogen and 
paUadised charcoal in pyridine also gives oximes 
in excellent yield (Reichert and Koch, Arch. 
Pharm. 1936, 273, 266; Reichert, G.P. 629313; 
iderrif Arch. Pharm. 1936, 274, 605). 

(b) Hydration . — J “-Nitro-olefins undergo hy- 
drolytic fission at the double bond under the 
action of dilute sulphuric acid, hydrochloric acid, 
caustic alkalis, aqueous ammonia, barium 
hydroxide, and, in some cases, even with water 
alone. Fission is preceded by hydration at the 
double bond and if cold dilute sulphmic acid is 
employed, the intermediate nitro-alcohol can 
bo isolated, e.g., 

CR2:CHNOa + HgO -> 

HO CRa'CHa NOa RgCO -f CHg NOg 

(c) Addition of Hydrogen Halides . — ^The avail- 
able evidence suggests that these add to nitro- 
olefins normally, but the expected products have 
not so far been isolated. Thus action of fuming 
hydrochloric acid on nitrostyrene gives phenyl- 
chloroacetic acid, formed, presumably by 
hydrolysis of the addition product (Priebs, 
Annalen, 1884, 225, 319) : 

CHPh:CH N02 [CI CHPh CHaNOa] 

CICHPhCOaH 

The addition product of hydrogen chloride and 
nitrotrimethylethylene has been condensed 
without isolation with sodium thiophenate to 
give the expected phenyl nitroamyl sulphide 
(Michael and Carlson, J. Org. Chem. 1939, 4, 
169). jS-2-Furylnitroethylene gives c-nitro-y- 
keto-n-hexoic acid by fission of the furan nucleus 
(Thiele and Landers, Annalen, 1909, 889, 300). 
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(d) Addition of Halogens. — ^The simple nitro- 
olefins readily add chlorine or bromine in the 
cold to give stable dihalogeno derivatives 
(Haitingor, ibid. 1878, 198, 366 ; Priebs, l.c. ; 
Schmidt and Hutz, l.c. ; Hass and Kiley, l.c.). 
Negatively substituted J^-nitro-olefins react less 
readily, and in some cases addition may be 
prevented entirely. 

(e) Addition of Ammonia and Organic Bases . — 
Many J^-nitro-olefins react with ammonia, and 
both aliphatic and aromatic primary and 
secondary amines, with the formation of a^- 
amirionitro- compounds (Wieland and Sakellarios, 
Ber. 1919, 62 [B], 900 ; Kodak, U.S.P. 2206885 ; 
B.P. 639070; U.S.P. 2253082). In most cases, 
the reaction is facile and proceeds in the cold. 
When aromatic amines are used, the products 
are usually fairly stable, but unstable compounds 
often result with ammonia and aliphatic amines. 
)9-Nitro8tyTene (but not all of its nuclear sub- 
stitution products) reacts with ammonia and 
p-phenylenediamine to give the dinitro-com- 
pounds (XV) and (XVI) respectively (Worrall, 
J. Amer. Chem. Soc. 1927,49, 1598). Phenyl- 

NH(CHPhCH2N02)4 

XV. 

p-CeH4(NHCHPhCH2N02)2 

XVI, 

hydrazine, hydroxylamine, and semicarbazide 
have been similarly condensed with ^-nitro- 
styrene (Posner, Annalen, 1912, 889, 114; 
Worrall, l.c.). Polymerisation of the nitro- 
olefin may also occur under the influence of the 
amine and is sometimes the main reaction. 
Decomposition of the products is favoured by 
the presence of halogens a- to the nitro-group, 
thus, 1-nitro-l-bromo-l-butene and 1-nitro-l- 
bromopentene are converted into 1-nitro-l- 
butyne and l-nitro-l-pentyne, respectively, by 
heating with methylamine (Loevenich, Koch, 
and Pucknat, Ber. 1930, 63 [BJ, 636). 

(/) Addition of Grignard Meagents. — J®- 
Nitro-olefins react with Grignard reagents to 
form salts of saturated nitro-compounds from 
which the free nitro-compounds are liberated 
by treatment with acid, e.g.^ phenyl magnesium 
bromide and a-nitrostilbene yield 1-nitro- 1:2:2- 
triphenylethane (Kohler and Stone, J. Amer. 
Chem. Soc. 1930, 52, 761; cf. I.C.I., B.P. 
671804). 

PhCHiCPhNOj + Ph-MgBr -> 

. Ph2CH CPh:N02MgBr 



PhjCHCHPhNOg 

(g) Addition of Bisulphites and Sulphites . — 
Many J®-nitro-olefin8 add sodium sulphite and 
bisulphite to form the di- and mono-sodium salts 
of /3-nitroalkanesulphonic acids respectively : 

CRR'iCR"NOa + NajSOg 

RR'C(803Na)CR":N02Na 
CRR':CR^'N 03 + NaHSO, 

CRR'(803Na)‘CHR"N0j 


These can be reduced to amines by catalytic 
means (I.C.I., B.P. 671167). 

(h) Addition of Other Reagents. — In their re- 
actions with a large number of compounds con- 
' taining reactive hydrogen, the l^haviour of J®- 
nitro-olefins is similar to that of a^- unsaturated 
ketones, nitriles, or esters. Addition takes 
place across the double bond in the direction 
shown below : 

CRR'rCR'NOa + XH 

XCRR'CHR'-NOa 

With alcohols in the presence of an alkaline 
catalyst, ethers of type (XVIT) are produced 
(Commercial Solvents Corp., U.S.P. 2393827), 

CRR^(OR ') CHR ' NOg 

XVII. 

A numbi^r of primary and sec-nitroparaffins 
and their derivatives react with J®-nitro-olofin8 
to give 1 :3-dinitropropane derivatives, e.g.^ under 
the influence of a strong base a-nitrostflbene and 
phenyhiitromethane give l:3-dinitro-5-triphenyl- 
propane which on further treatment with strong 
alkali gives triphenylisooxazole 

Ph CHrCPh NOg + Ph CH2 NOa 

OaNCHPhCHPhCHPhNOa 

I 

^CPhO 
CPh j 
\cPh:N 

Maloiiic ester adds to )S-nitro8tyrene and a- 
nitrostilbeno to give the compounds 

02 NCHaCHPhCH(C 0 aEt )2 and 
02 N'CHPhCHPhCH(C 02 Et) 2 , 

and jS-nitrostyreno with excess potassium cyanide 
followed by acidification gives two storeoisomeric 
l:4-dinitro-2-cyano-2:3-diphenylbutane8 (XVIII) 
(HoUemaim, R c. trav. chim. 1904, 23, 283); 
presumably the mechanism of this reaction is ; 

PhCH:CHN02 + HCN -> 

PhCH(CN)CH 2 N 02 

Ph CH(CN) CH2 N02+ Ph CHrCH NOj 

N0aCH2CHPhCPh(CN)-CH2N02 

XVIII. 

Acetone has been condensed with l-nitro-2- 
methylpropene to give 6-nitro-4:4-dimethyl- 
pentanone (Hass and Riley, l.c.). 

Diazoacetic ester combines additively with jS- 
nitrostyrene under the influence of heat to form 
ethyl 4-phenyl-3-pyrazole-carboxylate (Kohler 
and Steele, J. Amer. Chem. Soc. 1919, 41, 1104) : 

PhCHiCHNOj + NjCHa-COaEt 
.C(C02Et):N 
CHPh I -> 

\CH(N0,)-NH 
^C(CO,Et):N 

CPh I + HNO, 

Vh. ‘ 


-NH 
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(i) J - Nitro-oUfins in the Diels- Alder Synthesis, 
— Nitroethylene, 1-nitropropylene, and 1-nitro- 
pentene add cyc/opentadiene wmoothly at 100- 
110° to give cyclic products of typo (XIX) in 
excellent yield (Alder, Rickert, and VVindemuth, 
Ber. 1938, 71 [BJ, 2451). 

CH 

HC^I tHR 
II CHgl 

HC I CHNO2 

CH 

XIX. 

Similar adducts are obtained with butadiene 
and 2:3-dimethylbutadiene, also from ^-nitro- 
styrene and butadiene, isopreno, 2:3-dimotliyl- 
butadiene, 2:3 > diphenyl butadiene, 1:3 - cydo - 
hexadiene, l:3-diphenyhsobenzofuran, l:3-di- 
phenyl-5:0-dimethyh.!fobenzofuran, and l:l'-bi- 
c?/cZohexene (Allen et al., J. Amer. Chem. Soc. 
1939, 61, 521 ; J. Org. Chem. 1943, 8, 373). 

IV. Uses of Aliphatic Nitro-Compoukds. 

The normal development of the nitroparaffins 
has been hindered by the war, and it is not easy 
at present to say what their final applications 
are likely to be. According to the Commercial 
Solvents Corporation and their associates of the 
Purdue Institute, they are solvents for nitro- 
cellulose, organic esters of cellulose, “ Vmylile 
and other resins, and many oils, fats, and waxes. 
They are being used commercially as solvents 
for “ Hycar an oil-resistant synthetic 

rubber ; “ Buna N ” and “ Chemigurn ” are 
soluble in 1-nitropropane. In this respect, their 
value is said to lie not only in their high solvent 
power (which permits considerable dilution by 
cheaper materials such as alcohol and hydro- 
carbons) but also in their mild odour, low 
toxicity, medium rate of evaporation, and com- 
paratively low inflammability. Their use as 
selective solvents in the refining of petroleum 
has also been described (Shell Development Co., 
U.S.P. 2023375 ; 2019772 ; see p. 4906). 

The nitro-alcohols and their esters are also 
excellent solvents for cellulose esters. 2-Nitro- 
2-methyl-l -propanol is an effective heat sensi- 
tiser for synthetic and natural rubber laticos and 
for similar dispersions of some of the important 
substitutes for rubber, and nitroethane, 1- 
chloro-l-nitropropane, and 2-nitro-2 methyl-1- 
propanol confer stability on accelerated rubber 
cements. The potential value of the trinitrate 
of trimethylol nitromethane as an explosive has 
already been mentioned {see p. 4916). 

The amino-alcohols, formed by reduction of 
the nitro-alcohols, are of interest both as such, 
and as their fatty-acid salts, as dispersing, 
emulsifying, and cleansing agents. This is a 
field in which the lowest stable homologues, the 
ethanolamines (made from ethylene oxide or 
ohlorohydrin^ have already found considerable 
application. 

Chloropicrin, which can now be made from 
nitromethane instead of wastefully from picric 
aioid, is employed as a fumigant and soil steri- 
agent. l:l-Dichloronitroethane (“ Ethide'') 
VoL. Vin.-32 


is also used for this purpose and is said to be 
equally as effective as chloropicrin but pleasanter 
to handle. 1 -Chloro- 1 -nitropropano will dissolve 
many of the new synthetic rubbers, including 
“ BuTia A\” “ (yhef)iigum,y^' and certain neo- 
prenes. Apart from the use as such of the nitro- 
paraffins and their simpler derivatives, it is 
likely that their futiu'c industrial importance 
will lie in their value in synthtvsis, e.g., in the 
preparation of intermediates for the dyestuffs, 
pharmaceuticals, and allied industries. Thus, 
j3-nitroalkylaminos, prepared by the addition of 
ammonia to J“-nitro-olofins, have been employed 
as intermediates in the preparation of anthra- 
quinone dyes for acetate rayon (Kodak, U.S.P. 
2253082). The use of other jS-nitroalkylamincs 
derived from aromatic amines and J^-nitro- 
olefins as coupling components in the prepara- 
tion of azo dyes for cellulose derivatives, silk and 
w'ool, and for photographic purposes has also 
been described (Kodak, U.8.P. 2206885; B.P. 
539070) ; the use of trimethylolnitrornethane in 
photography is covered by Du Pont (B.P 
560253). 

Hydroxyl amine salts prepared by hydrolysis 
of 1-nitropropane are now on sale in U.8.A., as 
are also the nitroparaffins from nitromethane to 
nitrobutane and a number of their derivatives 
such as nitro- and amino-alcohols, chloronitro- 
paralfins, and aliphatic amines and acids. 

A. L. and H. A. P. 

NITROGEN. Sym. N. At. no. 7. At. 
wt. 14*008. 8table isotopes and ^‘’N. 

“ Dor StickstolT ist das Elemoiil dor Zukunft ” 
(Bnilil, Z. physikal. Chem. isy.'i, 16, 

Contents. 

Elementary nitrogen. Nitrides. Active nitrogen 
(pp. 4h7rf-511&). 

Halides of nitrogen : fluoride ; nionoehloroamino, di- 
chloroaminc’ nitrogen trichloride ; monobronio- 
ainine, dibronioainine, nitrogen trihroinidc ; 
nitrogen iodides (pp. 5116-5130). 

Nitrogen sulphides, tritiiioazyl conipoimds, nitrogen 
selenide (i)p, 513c-514d). 

Oxides and oxyacids of nitrogen : nitrous oxide, 
nitric oxide, dinitrogcu trioxide (nitrons an- 
hydride), nitrogen dioxide and dinitrogen tetroxido 
(nitrogen peroxide), nitroj?en pentoxidc (nitric 
anhydride), nitrogen hoxoxido or trioxide, nitrous 
acid (pp. 514d-53la). 

Halides of nitrous acid, nitrosyl fluoride, uitrosyl 
bromide, nitrosyl tribromlde, nitrosyl perclilorate, 
nitrosyl tl nobora t(% nitrosyl hydrogen sulphate 
(nitrososulphurlc acid, or chamber crystals), 
nitrf)8vl disulphate (dinitrososulphuric anliydride) 
(pu. 5’31a-532d). 

Hypomtrous acid, nitramide, hyponitric acid 
(nitrohydroxylamic acid), hydronltrous acid 
(pp, 532(l~534c). 

Nitric acid, halides of nitric acid, nitryl fluoride, 
l)emitryl fluoride (fluorine nitrate), nitryl chloride, 
perultrous aeJd (pp. .534c-541c). 

Manufacture of nitric acid by the retort process 
(pp. 541c -,543rf). 

NITROGEN. 

Histoey. 

J. B. van Helmont (d. 1644) in his posthumous 
“ Ortus medicinae (1648) describes the ex- 
tinction of a candle in a confined volume of air 
over water and the smaller volume of the re- 
maining “ gas ” (J. R. Partington, Annals of 
Science, 1936, 1, 359). A similar experiment 
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was made by J. Mayow (“ Tractatua quinque 
medico -physici,” Sheldonian Theatre, Oxford, 
] 674), who also noticed the contraction of a con- 
fined volume of air caused by the respiration of a 
mouse. C. W. Scheele in 1 770-73 first prepared 
pure atmospheric nitrogen {foul air) by absorb- 
ing the oxygen {fire air) from air, and recognised 
that it is mixed in the atmosphere with oxygen, 
which he was probably the first to prepare in a 
pure state. Daniel Rutherford, Professor of 
Botany in the University of Edinburgh, found 
in 1772 that when a small animal is allowed to 
breathe in a confined volume of air and the car- 
bon dioxide {mephitic air) produced is removed 
by absorption in alkali, another mephitic gas 
lemains which is incapable of supporting 
respiration. Nitrogen was also obtained by 
Priestley in 1772 and called by him phlogisti- 
cated air, a name which was for long in use. 
Lavoisier established the individuality of the 
gas and its existence in the atmosp})ere ; from 
its incapacity to support life he called it azote 
(a name still used in France and symbolised 
Az, and translated as Stickstoff in the German 
name) ; the name nitrogen was given to it by 
Chaptal in 1790 to denote that it is an essential 
constituent of nitre (J. R. Partington, “ A 
Short History of Chemistry,” Macmillan, 1939). 

OCCUKRENCE. 

Nitrogen is widely diffused but forms less 
than 1% of the combined composition of the 
air, sea, and earth’s crust. Free 7iitrogen occurs 
in the atmosphere, of which it constitutes four- 
fifths, or more accviratcly 78*0()%, by volume 
(Leduc, Compt. rend. 1896, 123, 805). Volcanic 
gases may contain considerable quantities of 
nitrogen, which is also present in mine gases, 
the gases from springs, and gases occluded in 
minerals and rocks ; it is present in the free 
state in the air bladders of fish (in which it was 
discovered by Fourcroy), the bone-cavities of 
many birds, and cavities in plants. It occurs in 
many meteorites, in nebulse, and in the atmo- 
sphere of the sim. Combined nitrogen occurs in 
the atmosphere as ammonia and nitrous and 
nitric acids and their salts, and hence these 
compounds occur in rain-water (R. Angus 
Smith, “ Air and Rain,” Longmans, 1872). 
Oxides of nitrogen are present in the atmosphere 
in quantities which vary largely from time to 
time ; the amounts are usually rather greater 
at high altitudes (over 4,000 ft.) than at low 
altitudes and in summer than in winter, and 
hence the oxides are probably formed by the 
action of ultra-violet light (Hayhurst and Pring, 
J.C.S., 1910,^97, 868 ; Rao and Dhar, Z. aiiorg. 
Chem. 1931, 199, 422). Vorlandcr and Gohdes 
(Ber. 1931, M [B], 1776) found oxides of nitrogen 
equivalent to 22 x 10"® g. of NgOg per cu.m, of 
moist November air at Hallo, and 10-100 times 
this amoimt after exposure to ultra-violet 
light. 

Combined nitrogen is an essential component 
of proteins and other constituents of animal 
and vegetable organisms, and is found in many 
minerals, but chiefly in saltpetre or potassium 
nitrate and Chile saltpetre or sodium nitrate. 
(On the nitrogen cycle, see Nitrogen, Atmo- 
SPHBBio, Uto^sation OP, this Vol, p. 644a). 


Preparation of Nitrogen. 

Except in small-scale laboratory preparations, 
nitrogen is extracted from atmospheric air. 
This may be done either by chemical methods 
in which the oxygen is removed (a) by some 
chemical change in which it is absorbed (in 
which case the argon and other inert gases 
remain in the nitrogen), or (6) by physical 
methods, especially the frai^tional distillation of 
liquid air (in which case the argon may be 
largely removed on account of its higher boiling- 
point). In large-scale working the physical 
niethod is almost exclusively used. 

The volume percentage composition of dry 
London air (Paneth, Nature, 1937, 139, 181) is : 
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The constancy of the percentages of carbon 
dioxide and oxygen in imcontaminated atmo- 
spheric air was established by lienedict in 1912. 
T. M. Carpenter has described (J. Amer. Chem. 
8oc. 1937, 59, 358) several hundred analyses of 
air made in the period 1930-36 in New Hamp- 
shire, Baltimore, and Boston. The grand 
average of all three series gave 0-031% for carbon 
dioxide and 20-939% for oxygen. There was 
no evidence that variations in season or the 
proximity of large consumers of fuel caused any 
measurable differences in the carbon dioxide 
and oxygon contents. 

(a) Nitrogen from the Atmosphere by 
Chemical Methods. 

There are several old patents specifying the 
removal of oxygen from air by passing it over 
heated metals such as iron (Spencer, B.P. 3752, 
1869) or copper (Welton, B.P. 2559, 1879; 
Frank and Fincke, B.P. 10718, 1912; Cyanid- 
Gos., G.P. 218671, 1908) or molten lead (Nitrogen 
Co., New York, B.P. 17666, 1911). The use of 
sulphur (Blagbum, B.P. 26536, 1908) or phos- 
phorus (Haddan, B.P. 24293, 1895) is specified. 
A satisfactory method is to pass a mixture of 
air and ammonia gas over heated iron or partly 
oxidised copper turnings, when the hydrogen 
of the ammonia burns out the atmospheric 
oxygen (Carius, Annalen, 1865, 94 , 136 ; Lupton, 
Chem. News, 1876, 33, 90 ; Hutton and Petavel, 
J.S.C.I., 1904, 23, 87; Marston, B.P. 19074, 
1900; Farbenw. vorm. Meister Lucius und 
Briining, B.P. 3662, 1913 ; 28737, 1913 ; 9974, 
1914). The atmospheric oxygen may also be 
removed by hydrogen (Hulett, J. Amer. Chem. 
Soc. 1905, 27, 1416) or other combustible gas 
(Bucher, J. Ind. Eng. Chem. 1917, 9 , 233), the 
mixture being passed over heated copper (which 
may afterwards be reduced by hydrogen or 
coke-oven gas) or a catalyst such as sib’coni 
carbide, and the combustion products may her 
liquefied, leaving nitrogen (Metzger, assr. to* 
Air Reduction Co., U.S.P. 1688268, 1926). 

The atmospheric oxygen may also be removedl 
by a cold absorption method, e.g,, hy alkaline* 
pyrogallol solution (Liebig, Annalen, 1861, 77^ 
107) or moist barium sulphide (Alder, B.P* 
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1004, 1880) or iron filings moistened with fen’ous 
sulphate solution (Wise, B.P. 4359, 1877) or 
manganous or ferrous hydroxides (Flight,* 
Chem. News, 1882, 46, 105). A very convenient 
process, which may be made (continuous, is to 
pass air over clean copper turnings kept wetted 
with arpieous ammonia (Berthelot, Bull. Soc. 
chim. 1870, [ii], 14, 314; 1889, [iii], 2, 643). 
An apparatus {me i^'ig. 1 ) comprises a reservoir a 



containing a mixture of equal volumes of a 
saturated solution of commercial ammonium 
carbonate and ammonia of p 0-93. The 
liquid flows from a at a rate controlled by the 
screw-clamp d, and encounters a current of air 
at the branch o, which should slope as shown. 
The fall-tube from a must be long enough to 
give a pressure at o such that the volume of 
solution carried up is at least equal to that of the 
accompanying air. The air-liquid mixture is 


discharged over the glass bell in the top of b 
and descends through the copper clippings in B. 
The air, now freed from oxygen, is freed from 
ammonia with dilute sulphuric acid (Van 
Brimt, J. Amor. Chem. Soc. 1914, 36, 1448; 
J.S.O.I. 1914, 83, 788). A modified form of 
apparatus uses a solution of ammonia saturated 
with ammonium chloride (Badger, 4. ind. Eng. 
Chem. 1919, 11, 1052; Analyst, 1920, 45, 32), 

The oxygon may also be absorbed in a solution 
<jf ammonium sulphite with a cobaltammine 
catalyst (Vorlilnder and Lainau, J. pr, Chem. 
1929, [ii], 123, 351). 

In most of these cases, after removal of carbon 
dioxide and water vapour, the gas obtained is 
at best 99% pure, as inert gases are still present. 

The use of heated carbon for removal of 
oxygen, which amounts to the separation of 
nitrogen from oxides of carboji in the gas from 
furnaces or gas produ(;ers, has often been pro- 
posed (Frank and Caro, G.P. 204882, 1907; 
B.P. 16963, 1908; Riedel, B.P. 20631, 1909; 
Braun, B.P. 22531, 1911 ; Barger, B.P. 16855, 
1912; MeCourt and Kllis, B.P. 25629, 1912 
Dreaper, B.l\ 12927, 1913; Brownlee and 
Uhlinger, B.P. 5097, 1915; Kitzinger, Chem. 
Trade J. 1918, 62, 88). It is from a modifiejation 
of this process that nitrogen is largely prepared 
for ammonia synthesis. The oxygon may also bo 
absorbed by passing air over heated calcium 
plumbate, alkali manganate, etc. (Kaszner, G.P. 
233383 and 234849, 1910). 

(6) Nitrogen from the Atmosphere by 
Physical Methods. 

Since atmospheric nitrogen and oxygen are 
mixed in the iincombined state it is, theo- 
retically, possible to separate them by physical 
processes with a relatively small expenditure of 
energy (J. R. Partington, “ Chemical Thermo- 
dynamics,” Constable, 1940, p. 50). Many 
such processes have been proposed, depending, 
for example, on : (i) the greater rate of passage 
of oxygen as compared with nitrogen through 
I unvulcanised rubber (Graham, Phil. Trans. 1866, 
156, 399 ; “ Chemical and Physical Researches,” 
Edinburgh, 1876, p. 235) ; (ii) the greater rate 
of diffusion (“ atmolysis ”) of nitrogen through 
porous bodies than of oxygen (irfem, ibid.j 
1863, 153, 385 ; op. cii.^ p. 224) ; (iii) the centri- 
fugal separation of the gases, depending on their 
different densities (Mazza, 1901, quoted by E. 
Molinari, “ Treatise on Inorganic Chemistry,” 
Chundiill, 1920, p. 198; B.P. 423003, 1933; 
Rabu, L’Industrie Chim. 1935, 22, 896) ; (iv) the 
greater solubility of oxygen in water as compared 
with nitrogen (Mallet, B.P. 2137, 1869 ; Helouise, 
Ber. 1882, 15, 1221); (v) the fractional distil- 
lation of liquid air, the nitrogen, which has a 
lower boiling-point ( — 196*7°) tending to pass 
off’ before the oxygen, of boiling-point —182*9° 
(c/. Erdmann, ibid. 1906, 89, 1207 ; Stock and 
Nielsen, ibid. 3393 ; Baly, Phil. Mag. 1900, [v], 
49, 517 ; Inglis, J.C.S. 1906, 89, 886 ; Phil. 
Mag. 1906, [vi], 11, 640; Dodge and Dunbar, 
J. Amer. Chem. Soc. 1927, 49, 691). Of these 
methods, only the last is used, and it now 
furnishes practically all the oxygen and a large 
proportion of the nitrogen used in industry. 
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The separation of liquid air was first patented 
by Parkinson (B.P. 4411, 1892),* in 1896 
William Hampson took out a patent (B.P. 
10166, May 23, 1895) a few weeks before 
Linde’s (G.P. 88824, June 5, 1895). Hampson’s 
provisiona' specification is somewhat ambiguous, 
and full details of Linde’s app ratus were made 
known before the completion of Hampson’s 
patent. The bases of Linde’s process are 
clearly given in his patent specification (repro- 
duced in Z. physikal. Chem. 1896, 20, 638) as: 

(i) cooling the air to be condensed by causing it 
to flow in the contrary direction [through a heat 
interchanger] to the evaporating products ; 

(ii) causing the gaseous air to transmit its latent 
heat to the evaporating liquid ; and (iii) causing 
the vapours produc:ed in the distilling apparatus 
to flow upwards through the liquid flowing 
downwards in a stratified manner. 

The fall in temperature necessary for the 
liquefaction of a gas, which must in any case 
cool the gas below its critical temperature, may 
be achieved by two entirely different methods, 
which must be carefully distinguished. 

1. The first of these takes energy from the 
gas as external work, the gas being allowed to 
expand against a pressure ; if the expansion 
occurs in such a way that heat is prevented from 
entering the gas from outside, as when the 
expansion occurs very rapidly, it is called an 
adiabatic expansion, and since in this case the 
energy of the gas is drawn upon to produce 
the external work, the gas is cooled. 'J’he fall 
in temperature in adiabatic expansion is in- 
dependent of the mass of gas used and depends 
only on the pressures before and after expansion ; 
if these are and p^, respectively, and if T-^ 
and Tg are the corresponding absolute tempera- 
tures, then for an ideal gas : 

t()'-l)Ml0g(Pl/P2)=l0g(?’l/?’2) . (1) 
where y~CplCvt the ratio of specific heats; a 
modified equation may I o used with an im- 
perfect gas such as oxygen or nitrogen (J. R. 
Partington, “ Chemical Thermodynamics,” 
Constable, 1940, pp. 5, 47, 68, 218). For 
practical purposes, however, equation (1) may 
be used for oxygen, nitrogen, or air, with 
y=l-40. 

2. The second method, discovered and in- 
vestigated experimentally by Joule and William 
Thomson (afterwards Lord Kelvin) in 1862- 
62 (Phil. Mag. 1862, [vi], 4, 487 ; Phil. Trans. 
1863,148,367; 1864, f44, 321 ; 1862,152,679), 
cools the gas by internal work, which is done 
by separating the molecules, during expansion, 
under the influence of attractive forces between 
them. This effect occurs only with a non- 
ideal gas, and is superposed on the effect of 
external work if the expansion is carried out 
adiabatically. This so-called Jovle-Thomson 
effect (which vanishes for an ideal gas, between 
the molecules of which there are no forces 
acting) will cool the gas if the expansion occurs 
BO that heat cannot enter it from outside. This 
is achieved by p,llowing gas compressed in one 
vessel to escape through a nozde or throttle 
into another vessel (or into the atmosphere) 
where it is at lower pressure. The work p^v^ 
spent in forcing a volume of the gas through 


the nozzle at a pressure p^ is practically re- 
covered in the expulsion of the volume 
against the lower pressure pg* since if the gas 
obeys Boyle’s law approximately, 
so that practically no external work is done by 
the gas (J. R. Partington, op. cit., p, 68). The 
fall in temperature AT for the Joulc-Thomyon 
expansion of air initially at the absolute tempera- 
ture T with a pressure drop through the nozzle 
of Ap atm. is given by : 

JT-0-276(273/J')‘-’Jp .... (2) 

Hampson and Linde made use of the Joule- 
Thomson effect in conjunction with a heat 
interchanger. Equation (2) shows that if air at 
0°o. expands through a nozzle from 100 atm. to 
1 atm. pressure, the fall in temperature is about 
25°c. If this air at — 25®c. sweeps over the out- 
side of a copper pipe carrying the compressed 
air to the i\ozzlc, this air is cooled below 0° 
before expansion, and hence after expansion it is 
cooled below — 25°o. The cooling effec't evi- 
dently accumulates, and the air issuing from the 
nozzle finally becomes so cold that it liquefies. 
Linde realised that, since the absolute tempera- 
ture T of the expanding air occurs in (2) in the 
reciprocal of a square, the cooling effect in- 
creases very rapidly as the temperature falls 
{see H. Alt, “ Die Kalte,” Teubner, Leipzig, 1910, 
p. 24, for a graphical treatment of equation (2)). 
The theoretical cooling effect is never attained 
in practice, on account of the rapid exchange of 
heat between the (;old gas and the warmer sur- 
roundings. 

The separation of air into its components by 
liquefaction and fractional distillation was 
patented by Linde in 1902 (B.P. 14111, 1902; 
see Kausch, Z. kompr. u. verti. Gase, 1902, 5, 
171, 187; 6,33). 

The following table, compiled by Linde, shows 
that the mere quiescent evaporation of liquid 
air caimot give a gas (“ vapour ”) sufficiently 
rich in nitrogen and a liquid residue sufficiently 
rich in oxygen to make this process of any 
practical interest. Thus, to obtain a residue 
containing 60% of oxygen at least 70% of the 
liquid would have to be evaporated, and an 
increasing fraction of the oxygen is lost in the 
vapour as the evaporation proceeds. 


% of 
liquid not 
evaporated. 

‘Jo Of 
oxygen 
in liquid. 

% of 
oxygen in 
vapjur. 

% of 
original 
oxygen still 
in liquid. 

1000 

23 1 

7-, 6 

1000 

.'iO'O 

37*5 

1.6*0 

S0*0 

300 

60*0 

230 

6.60 

200 

00*0 

34*0 

.62*0 

16*0 i 

67*5 

42*0 

43*0 

10*0 

770 

62*0 

33*0 

6.0 

88*0 

70*0 

19*0 


The pioneer experiments of Baly (Phil. Mag. 
1900, [vl, 49, 617 ; Inglis, ibid. 1906, [vi], 11, 
640) on the compotritions of liquid and ^vapour 
in equilibrium for nitrogen-oxygen mixtures 
gave results of great service in the control of 
technical plant. They are now replaced by the 
more recent data of Dodge and Dunbar ( J. Amer. 
Chem. Soc. 1927, 49, 691), whose curves for 
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various pressures (P, in atm.) are reproduced in 
Fig. 2 (see also M. Ruhemann, “ The Separation 
of Gases,” Oxford, 1940). In this the ordinates 
are absolute temperatures and the abscissae 
mol.-% of oxygen. The upper curve of each 
lens-shaped pair refers to vapour and the lower 
to liquid, and the pressure in atmospheres at 
which evaporation is carried out is given for 
each pair of curves. One square represents 
2°c., and each lens has a separate temperature 
scale defined by the temperatures shown at its 
ends; e.gr., at 1 atm. pressure the scale extends 
from77-33°K. at the lower end to 90*16 °k. at the*: 
upper end. 



Uto/e % of O2 


Fig. 2. 

The vapour, it is seen, is always richer in 
nitrogen than the liquid ; if a composition point 
is taken on either curve, the composition of the 
other phase in equilibrium is found by drawing 
a horizontal through the chosen point until the 
other curve is cut. The process used in air 
separation depends on exactly the same prin- 
ciples as an ordinary fractional distillation {see 
Distillation, Vol. IV, 34). 

Since the apparatus used for the separation 
of oxygen in Lindens process is simpler than 
that required for the production of fairly pure 
nitrogen, it will be described first. 

A sectional elevation of a single- column Linde 
separator is shown in Fig. 3. The rectifying 
ocuumn a, provided with plates, is housed in a 
circular casing of wood, whilst the vaporising or 
distilling chamber b is contained in a hexagonal 
wooden casing, all clearance spaces being 
packed with heat insulation, e.g., sheep’s wool. 


The counter- current heat interchange! c is a 
wide copper spiral pipe containing three narrow 
copper pipes d, one enclosed in a somewhat 
wider pipe e. An extension of the wide pipe 
delivers to a funnel-end F at the top of the 
rectifying column, and e^ is a funnel -end of e at 
the top of the vaporising chambtr u. 

The coil dj^ in B connects at one end wdth the 
narrow pipes d in the interchanger and at the 
other end with the valve g which is operated 
outside the apparatus by h and delivers to a 
pipe dg connected with a rose-end near the top 
of A. 

The apparatus is first charged with liquid air 
as follows : Air at about 2,000 lb. per sq. in. 
pressure enters through d into the three pipes d 
of the interchanger, passes down these, and 



through dj to the valve G, through which it 
expands, passing through dg to the top of the 
column. It then passes through Cj^ and to 
the interchanger, in a reverse flow to the in- 
coming air, and leaves through c and e. Owing 
to the Joule-Thomson cooling, liquid air forms 
and drops down into the vaporiser b. The level 
of this liquid is indicated by an external gauge b^. 

The separation process now begins. The air 
passing through the coil in B transmits some of 
its latent heat to the liquid in b, which is thereby 
evaporated whilst the compressed air in the 
coil is itself liquefied in proportion to the amoimt 
of heat taken from it. The vapour from the 
liquid boiling in B passes up the column and 
bubbles through the liquid descending past the 
plates in A. A temperature gradient is estab- 
lished in A. The nitrogen, with a lower boiling- 
point, boils off towardls the top of the column, 
creating the maximum cold there, and the 
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descending liquid is enriched in oxygen. The 
ascending gas is scrubbed by the liquid, and at 
each stage some of the rising oxygen is condensed 
and some of the nitrogen in the descending liquid 
is evaporated, so that this liquid, which is 
gradually rising in temperature, is practically 
pure oxygon when it reaches b. 

The gas passing out of the top of the column 
through F is mainly nitrogen at a temperature 
about 14" lower than that of the oxygen at the 
bottom of the column. The oxygen gas from 
B passes out of Oj to e of the interchanger. The 
cold gases escape at pressure of about 4-5 lb. 
per sq. in. L is an emergency release valve on 
the low-pressure system and J and k are test- 
cocks communicating with the liquid air and 
liquid oxygon supplies, respectively. 

Linde used a separate fore- cooler, operating 
with carbon dioxide or ammonia, before the 
separating column, so that the entering air is 



cooled well below 0°c. and so dried, and the carbon 
dioxide of the air is also removed by slaked-lime 
purifiers before compression. Moisture and car- 
bon dioxide lead to stoppages in the apparatus, 
as they are solidified at the low temperatures. 

By discharging the liquid to the top of the 
column and allowing it to evaporate under the 
lower pressure, it is reduced in temperature, 
and the correct temperature gradient is estab- 
Ushed in the column. Descending liquid comes 
in contact at each stage with gas containing 
more oxygen than corresponds with equilibrium, 
hence some oxygen is condensed and some nitro- 
gen evaporated. 

In order to obtain pure nitrogen Linde with- 
drew part of the nitrogen gas from the top of 
the column under atmospheric pressure at g 
(Fig. 4), liquefied it under pressure in the coil e 
in Hquid oxygen at the base of the column, and 
admitted it through the valve d to the top of 
the column. The liquid air condensed under 
pressure in the coil a was admitted through the 


valve c to that stage in the column where the 
liquid was of the appropriate composition. 
In descending the column the liquid lost nitrogen 
as gas and this was finally scrubbed with the 
nearly pure liquid nitrogen at the top of the 
column, with the result that nearly pure 
nitrogen gas escaped there. As explained, 
nearly pure liquid oxygen collects in the base, 
nearly pure oxygen gas being taken off at f. 
Thi.s single-column apparatus was replaced by 
the double column, but as this incorporak^s a 
feature present in the simple form of Claude’s 
rectific'T, this will first be considered. 

In Claude’s process (Compt. rend. 1905, 
141, 823; G. Claurle, “Liquid Air, Oxygen, 
Nitrogen,” Churchill, 1913) two new features are 
introduced : 

(i) The air is separated by condensation into 

two liquids, one richer in oxygen and 
the other in nitrogen, these being dis- 
charged into appropriate places in the 
rectifying column ; 

(ii) the air is cooled by expanding it from 

20-35 atm. pressure to 4-5 atm. pres- 
sure in an engine cylinder, the external 
work done by the engine taking energy 
from the air and so causing its tempera- 
ture to fall. 

The initial pressure used is thus much less 
than that used in Linde’s apparatus with nozzle 
expansion, and the fore-cooler is not necessary, 
since the temperature exchangers for the cold 
nitrogen and oxygen gases leaving the separator 
are used alternately as refrigerators and dry the 
incoming air. 

The effective temperature obtainable by ex- 
pansion in an engine is about — 140°c. since, 
owing to the rapid increase in the deviation from 
Boyle’s law, expansion at lower temperatures 
occurs with very little expenditure of work, and 
work may even be absorbed in overcoming 
mechanical friction. Since the critical point 
of air is at about — 140°c. and 39 atm. pressure, 
it is possible, by allowing the expanded air 
cooled to about —140° to cool air at 40 atm. 
pressure which has previously been cooled in an 
interchanger, to liquefy this compressed air, 
and by releasing the pressime to atmospheric 
the liquid cools itself to —190° by partial 
evaporation. By adjusting the height of liquid 
in the liquefior-temperature interchanger, which 
height controls the rate of liquefaction, the air 
enters the expansion engine at about —10° (B.P. 
27658, 1902). Lubrication of pistons at such 
temperatures is difficult, but it was found that 
specially treated leathers can be used without 
lubrication. 

In Claude’s apparatus (Fig. 5) air at about 
20-35 atm., cooled by an in ter changer, enters a 
ali'oady partly liquefied and passes through two 
sets of vertical pipes. The first drain into a 
and the second form a ring round the first and 
drain into c. Both sets are immersed in the 
bath .s which, when the machine is operating, 
contains nearly pure liquid oxygen. The com- 
pressed air rises in the central groiip of tubes in 
s, and a liquid rich in oxygen condenses, which 
drains into a. The gaseous residue passes 
through the outer ring of tubes, is liquefied in 
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them, and the liquid rich in nitrogen falls into 
an annular tube and pot o. This liquid is taken 
to the top of the column, that in a to a lower 
compartment L containing scrubbed liquid of 
the same composition. Gas rich in nitrogen 
passes from the top of the column and its cold 
is used in interchangers. The liquid condensed 
in the inner tubes in s is scrubbed by the air 
passing on. 

The heat of condensation of the compressed 
air evaporates the liquid oxygen in s, part of th^ 
vapour going up the rectif 3 nng column d in 
which it is mostly condensed, the heat of con- 
densation displacing nitrogen from the liquid, 



which flows into s. The oxygon gas from s goes 
off by G to the heat iiiterchanger, where its cold 
is utilised, after which it is pumped under 
pressure into steel cylinders for sale. 

Part of the compressed air is not put through 
the expansion engine but, after pre-cooling in 
an interchanger by the very cold oxygen and 
nitrogen gases from the separator, is liquefied 
by expansion through a nozzle, and the liquid 
is fed to the bottom of the vaporiser with the 
cold air from the expansion engine. Thus the 
requisite quantity of liquid is maintained, and 
at the same time, by adjusting the flow through 
the nozzle, the supply of compressed air to the 
engine can be regulated at will. This is im- 
portant, since if the temperature of the air after 
passing through the engine approaches that of 
liquid air, the expansibility is so reduced that 
the cooling produced by the engine is of little 
value. 


Linde’s double column apparatus (G.P. 
203814, 1906; H. C. Greenwood, “Industrial 
Gases,” 1920, p. 86) makes use of two rectifying 
columns (Fig. 6, in which the plates in the columns 
are omitted lor clearness), separated by an appa- 
ratus for fractional condensation in tubes in an 
oxygen-bath, like that used by Claude. The lower 
column A operates under 4 atm. pressure and 
in it a liquid (!ontaining about 35-40% of oxygen 
separates. The upper column b works under a 
lower pressure, and hence in it the temperature 
is lower. The j^re- cooled air under pressure is 
completely liquefied in the coil a and the liquid 
is discharged through a regulating valve b to 



the middle of the lower column at c, from where 
it descends over the plates to the base of the 
column, where the liquid (35-40% oxygen) is 
evaporated by the latent heat of the air liquefy- 
ing in the coil a. Alternatively, gaseous air may 
be admitted at h. 

The vapour rises through the column a, giving 
up its oxygen to the descending liquid and be- 
coming enriched in nitrogen, so that at the top 
of the column a almost pure nitrogen con- 
denses (under pressure) in the nest oi annular 
tubes in the liquid oxygen bath d. About half 
of this liquid rich in nitrogen drains into A and 
scrubs oxygen from the rising vapour ; the other 
half collects in the annulus a, from which it 
passes through the valve e to the top of the 
upper column B. 

An approximately equal volume of liquid with 
35-40% oxygen from the base of a is admitted 
through the valve k to the appropriate plate at 
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about the middle of the column B. Finally, 
nearly pure liquid oxygen collects in d, and is 
evaporated by the latent heat of the nitrogen 
condensing in the tubes. About one-fifth of this 
vapour is taken off as nearly pure oxygen gas at 
f and the rest rises through the column b. The 
vapour from b escapes at g as practically pure 
nitrogen, the cold of the gases from f and g l^ing 
used in exchangers. In the condenser d there 
is almost complete liquefaction ; the small 
amount of un condensed helium and neon can 
be separately treated by taking off the gas 
(about 80% nitrogen) at the top of the con- 
denser. 

The apparatus is actually worked either for 
pure oxygen or pure nitrogen, the difference 
depending mainly on the position in the column | 
B where liquid is admitted, this being rather 
lower for nitrogen than for oxygen, and the 
manipulation of the off-take valves for the gases, 
the purity of the gas being increased when the 
amount taken off is reduced as compared with 
the other gas. Thus, either 90*8% oxygon, or 
nitrogen with less than 0*1% of oxygen, can be 
obtained. It is difficult to obtain both gases 
pure simultaneously owing to small irregularities 
in the functioning of the column, but by careful 
regulation 99% oxygen, and nitrogen with 1% 


of oxygen, can be obtained simultaneously. 
If the oxygen is to be argon-free, the nitrogen 
will contain 1-2% of argon, and if the nitrogen 
is to be argon-free the oxygen will contain 4-3% 
of argon. If argon is to be made, it is collected 
in the oxygen, and the mixture separated in 
another apparatus {v. Argon, Vol. I, 461d). 
Patents for the simultaneous production of 
pure oxygen and nitrogen have been granted 
but are, apparently, not much used. 

The Pictet process (F.P. 295002, 1899; 
Maxted, J.S.C.I. 1917, 36, 777; H. C. Green- 
wood, op. cit., p. 90) is said to operate econom- 
ically, and modifications of the Linde process 
incorporating an expansion engine have been 
introduced by Friinkl and by Heylandt, whoso 
process produces liquid oxygen. 

There is apparently little to choose in the 
working efficiencies of the modern Jiinde and 
Claude plants. The low working pressure and 
rapidity in starting of the Claude plants have 
been quoted in its favour, and one estimate 
(H. C. Greenwood, op. cit.^ p. 77) quotes an out- 
put of 0-75 1. of liquid oxygen per kw.-hr. at 
the switcliboard, as compared with 0*65 1. for 
the Linde plant. A more recent set of figures 
(UUmann, “ Enzyklopadie der technischen 
Chemie,” 1932, Vol. IX, p. 96) is given below. 


(.’u.ni. O 2 per 

hour .... 

Type .... 

10 

A 

A 

50 

B 

1) 

R 

100 

F C 

H 

iO 

.^»00 

J’ 

C 

1 ,000 

F 

Energy at com- 
pressor shaft h.p.- 
hr. ; 

(a) for cooling. 

31 

136 

03 

06 

157 

100 

1 10 



400 

500 

750 

(b) in working 
state . 

23 

104 

72 

70 

122 

108 

100 

ISO 

570 

450 

440 

860 

(c) do. per cu. 
m. of O 2 

2*3 

21 

1;40 

14 

1-2 

11 

10 

1-8 

1 114 

01) 

0-9 

0-86 

Cooling water, cu.m, 
per hr, ... 

I 

1-5 

5-5 

4 

4-5 

7-5 

6-5 

5-5 

9*1 

30-5 

30 

22 

55 


The types A, B, B, E, and F operate by the 
Joule-Thomson effect, A and B without pre- 
cooling and with initial pressures of 200 atm. for 
filling with liquid air and 35-80 atm. in opera- 
tion ; A is a single-column, and B a double- 
column apparatus; D operates with ammonia 
pre-coohng and a working pressure of 36-40 
atm. ; E is a large plant in which a pressure as 
low as 20 atm. can be used. F denotes plants 
working by compressing 16-30% of the air to 
200 atm. and the rest to about 6 atm., with 
ammonia pre-cooling, and these are most suit- 
able for large-scale operation. C denotes 
Claude plants (having about the same efficiency 
as F), and H a Heylandt plant producing liquid 
oxygen with expansion (1*31 kg. of liquid oxygen 
= 1 cu.m. of gas). The table also applies 
approximately to nitrogen production if the gas 
volumes are multiplied by four. For 1 cu.m, of 
nitrogen in F apparatus giving 60()-2,000 cu.m. 
per hour, the energy requirement is 0‘2-0*28 h.p.- 
hr. on the compressor shaft. For nitrogen, 
practically only two-column rectifiers are used 
except for small installations of less than 60 
cu.m, per hour capacity, and the two-column 
apparatus is of the two main types, (i) D or E j 


with 60 atm. maximum pressure and 20-30 atm. 
working pressure, and (ii) F with high- and low- 
pressure air; type (i) for 600-2,000 cu.m, per 
hour of nitrogen and 0*28 h.p.-hr. per cu.m., 
and type (ii) for larger installations and 0 2- 
0-28 h.p.-hr. per cu.m. It is important in con- 
nection with nitrogen fixation industries to bear 
in mind that in making pure nitrogen an en- 
riched air with only 60-70% of oxygen may very 
economically be obtained as a by-product, and 
this can find very useful application in modem 
processes. 

(c) Nitrogen from Chemical 
Compounds. 

Nitrogen free from inert gases and (when pre- 
pared by a suitable process) in a high state of 
purity, may be obtained from its compounds. 
Many processes for this preparation involve the 
remov^ of hydrogen from ammonia by an 
oxidation process : 

1. By passing chlorine into excess (otherwise 
explosive nitrogen trichloride may be formed) 
of concentrated ammonia (Fourcroy, 1789) ; 

3Clg+8NH8-Na-f6NH4CI. 
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Ammonia is removed by passing the gas (which 
always contains a little oxygen : Anderson, 
Chem. News, 1862, 6 , 246) through sulphuric 
acid. 

2 . By the action of alkali hypochlorit/O, OCI', 
or bleaching powder solution on excess of 
aqueous ammonia (Marchand, 1844 ; Kolb, 
Ann. Chim. Phys. 1867, [iv], 12, 266) : 

30Cr+2NH3=3H20+3Cr-f Na- 

(With bleaching powder explosion may result, 
though this is unusual.) 

3. By the action of bromine water or alkali 
hypobromite solution on ammonia, the reactions 
being similar to those in (1) and (2). By using 
bromine, and drying with phosphorus ptuitoxidc 
in an all-glass apparatus, pure nitrogen may be 
obtained (Waran, Pliil. Mag. 1921, [vi], 42, 246). 

4. Instead of oxidising the ammonia, the pure 
gas may be decomposed by passing over nickel 
powder at 1 , 000 ° in a quartz tube, the residual 
ammonia frozen out in liquid air and the nitrogen 
separated from the hydrogen by freezing ()ut 
solid nitrogen by cooling with evaporating liquid 
air, the hydrogen retained in the solid being 
removed by exhaustion (Tlarteck, B(‘r. 1930, 
63 [B], 427). 

5. By heating a solution of ammonium nitrite, 
or of sodium nitrite and ammonium chloride 
(Coreiiwinder, Ann. Chim. Phys. 1849, [iiil, 26, 
296) : 

NH 4 NO 2 -N 2 -I 2 H 2 O. 

The reaction seems to involve free nitrous acid, 
since it is inhibited by ammonia (Arndt, Z. 
physikal. Chem. 1901, 89, 64; 1903, 45, 571). 
The gas may contain a little nitric oxide; if 
this is absorbed by ferrous sulphate solution it 
is evolved again on shaking, whilst with per- 
manganate solution oxygen is liberated in 
varying amounts. The best procedure (Gibbs, 
Ber. 1877, 10, 1387; Knorre, Chem. Ind. 1902, 
25, 531) is to warm a solution of 1 part of 
sodium nitrite, 1-2 parts of ammonium sulphate, 
and 1 part of potassium dichroraate, and wash 
the gas with a solution of 5 vol. of saturated 
potassium dichromate solution and 1 vol. of 
concentrated sulphuric acid. 

6. By heating ammonium dichromate, or a 
mixture of ammonium chloride and potassium 
dichromate : 

The reaction is violent and the nitrogen is not 
quite pure. 

7. By heating glycerol (2 parts) and N H4NO3 
(1 part) (Mai, &r. 1901, 34, 3805). The reaction 
begins at 190°, but once initiated proceeds 
at 160-170° without further heating until the 
temperature has fallen to 150°. A few drops 
of sulphuric acid cause the reaction to proceed 
more regularly and at a lower temperature. 
Carbon dioxide is present in small quantity. 
The yield of nitrogen is nearly theoretical. 

8 . By heating a mixture of dry ammonium 
nitrate and ammonium chloride and absorbing 
the chlorine from the gas by passing through 
alkali : 

4NH4N03+2NH4CI-Cl8-f-12HaO+6N2. 


9. By passing a mixture of (a) nitric oxide 
or ( 6 ) nitrous oxide with ammonia over heated 
copx)er gauze or platinised asbestos. If nitrous 
oxide is used precautions must be taken to pre- 
vent explosions. The nitrogen is purihed by 
passing through dilute sulphuric acid, over 
fused potassium hydroxide, through concen- 
trated sulphuric acid, and finally over red-hot 
copper gauze (Baxter and Hickey, Amer. Chem. 
J. 1905, 33, 300). 

10. The action of zinc on fused ammonium 
nitrate. 

11. The thermal decomposition of sodium 
azide, NaNg, or barium azide, Ba(N 3 ) 2 , 
evacuated apparatus. This gives very pure 
nitrogen, but there is clanger of explosion (Tiedo, 
Ber. 1916, 49, 1742; Justi, Ann. Physik, 1931, 
10, 983). 

12 . Heating nitrososulpbiiric acid with am- 
monium Hulpbate at 130° (Pclouze, Ann. Chim. 
Phys. 1841, fiii], 2, 47); 

2 S 02 ( 0 H) 0 N 0 f(NH 4 ) 2 S 04 

2 N 2 + 3 H 2 SO 4 + 2 H 2 O. 

Compressed nitrogen is sold in grey cylinders ; 
it contains a little oxygen, which may be re- 
moved by passing the gas slowly over a long 
length oi" clean (‘opper turnings heated to bright 
redness, or through alltaline pyrogallol solution. 

Physical PKorKRTiES of Niteogen. 

Nitrogen is a colourless, odourless, tasteless, 
neutral gas, sparingly soluble in water and a non- 
siipporter of combustion. The normal valency 
of nitrogen is 3 and the molecule Ng contains a 
triple bond of three shared electron pairs N = N 
or ;N:::N: (Pauling, J. Amer. Chem. fcjoc. 1932, 
54, 3570 ; Petrikaln, Z. physikal. Chem. 1929, B, 
8 , 360). maximum covaleney of nitrogen 
is 4, the compounds formerly considered to 
contain 5- valent nitrogen (ammonium salts, 
diazoiiium salts, nitro-compounds, and nitrates, 
etc.) having either one electrovalent bond, e.g., 
r N H Cl, when the four valencies are arranged 
tetrahedrally (Mills and Warren, J.C.R. 1925, 
127, 2507), or else one co-ordinate bond, e.g., in 
nitric acid, 

,0 

H-O-N^ 

in resonance with 

//^ 

H— O— Ny 

the two N — O bonds being statistically identical 
(Pauling and Brockway, J, Amer. Chem. Soc. 
1937, 59, 13). The tetrahedral arrangement for 
3- as well as 4-valont nitrogen is confirmed by 
the infra-red absorption spectrum of ammonia 
(Robertson and Fox, Proc, Roy. Soc. 1928, A, 
120 , 161) and also follows from wave-mechanical 
calculations (Pauling, Physical Rev. 1931, [ii], 
87, 1185; J. Amer. Cheni. Soc. 1931, 53, 1379). 
The radius of the nitrogen atom is 0*71 A, 
(Goldschmidt, Skr. Akad. Oslo, 1926, No. 1, 
paper 2, p. 27 ; Vegard and Berge, ihid, 1926, 
No. 2 , paper 10) ; that of the molecule on 
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the assumption of an elastic sphere is about 
1*5 A. (Chapman, Phil. Trans. 1912, A, 211, 433). 
The moment of inertia of Nj is 13*85 xlO~^® 
g.-cm.^ (Rasetti, Nuovo Cirn. 1929, 6, 356; 
Physical Rev. 1929, fii], 34, 367) ; the inter- 
nuclear distance is 110 a. (Vegard, Z. Physik, 

1929, 68, 497). 

Although the nitrogen molecule should exist 
in ortho- and ^9ara-states { v . Hydrooen, Vol. VI, 
321 d), these have not been detected (Harteck 
and Schmidt, Naturwiss. 1930, 18, 282, 

contradicting Justi, ibid.^ p. 227). The heat 
of dissociation of the molecule into normal 
atoms (N2=2N) is 169*3 kg. -cal. per g.-mol. 
and is much smaller than was formerly supposed 
(HerzVjerg and Sponor, Z. physikal. Chem. 1934, 
B, 26, 1 : Van der Ziel, Physica, 1937, 4, 373; 
for later arguments for a higher value, 212*3 
kg.-cal. per g.-mol., see Hagstrum and Tate, 
Physical Rev. 1941, [ii], 59, 354 ; Gaydon, 
Nature, 1944, 153, 407 ; Gaydon and Penney, 
Proc. Roy. Soc. 1945, A, 183, 374). The 
stable isotojics of nitrogen arc of masses 14 and 
15 (Naud6, Physical Rev. 1929, [ii], 34, 1498 ; 

1930, [ii], 35, 130; 36, 333; Herzberg, Z. 

physikal. Chem. 1930, B, 9, 43) with the relative 
abundance =346:1 (Murphy and Urey, 

Physical Rev. 1932, [ii], 41, 141). Unstable 
radioactive isotopes, and are formed 
artificially, e.g.y by bombarding carbon with 
deuterons : ^ 6 C+iH=^ 7 N+Jr? (Joliot and Curie, 
Nature, 1934, 133, 202 ; Henderson, Livingstone, 
and Lawrence, Physical Rev. 1934, [ii], 45, 428 ; 
Seaborg, Chem. Reviews, 1940, 27, 199). 

The isotope was detected by mass spectro- 
graph and optical absorption spectrum methods 
(Naud6, lx.). By using the exchange reaction 
between ammonium sulphate and ammonia 
gas, Urey, Fox, Huffman, and Thode (J. Amer. 
Chem. Soc. 1937, 59, 1407 ; cf. Schoenheimer, 
Rittonberg, Fox, Keston, and Ratner, ibid.^ 
p. 1768) have concentrated the heavier isotope. 
A solution of ammonium sulphate was pumped 
to the top of a fractionating column under low 
pressure, ammonia was liberated from the salt 
at the foot of the column by addition of caustic 
soda, and the ammonia gas stripped by a packed 
column. This ammonia was fed back to the 
base of the column and escaped at the top. Asa 
result of a 13-day run nitrogen containing 2*54% 
of was obtained, an increase of concentra- 
tion of 6*5-fold. 

From a critical survey of recent measurements 
Moles (Z. anorg. Chem. 1927, 167, 46) calculated 
the normal density of nitrogen gas (wt. of 1 1. 
at S.T.P. at sea-level and latitude 45°) as 
1 *25046 i 0*00005 g. per 1. (which is distinctly 
smaller than the best earlier values, giving 
1*2507 g. per 1. in good agreement), and with 
the compressibility coefficient A— 0*000424 in 
l+h--{pv)Ql{pv)^ this gives from the limiting 
density the atomic weight N = 14*0082, in agree- 
ment with the chemical value (Honigschmid, 
Zintl, and Thilo, ibid. 1927, 163, 65 ; Baxter 
and Greene, J. Amer. Chem. Soc. 1931, 53, 
604). The density at S.T.P. is 0*05% greater 
than the limiting density (ideal gas) ; the : 
density of atmospheric nitrogen containing inert 
gases is 0*5% higher than that of pure nitrogen : 


(Rayleigh and Ramsay, Phil. Trans. 1895, 186, 
187). Densities of pure nitrogen gas at 0°o. at 
higher pressures (taking 1*2507 g. per 1. at 
S.T.P.) are (Bartlett, J. Amer. Chem. Soc. 1927, 
49, 687, 1955) : 

V atm. . . 1 50 100 200 aoo 

pg. per litre. 1-2507 03-513 127-03 240*70 320-71 

V atm. . . 400 600 800 1,000 

pg. per litre. 307-30 491-08 555-21 604-37 

The compressibility of nitrogen (giving the 
deviations from Boyle’s law) has been deter- 
mined up to high pressures (Amagat, Ann. 
Chitn. 1893, [vi], 29, 68; Onnes and van Urk, 
Comm. Leiden, 1924, 169c?; Millar and Sullivan, 
Teehn. Papers IJ.S. Bur. Mines, 1928, No. 424 ; 
Bartlett, Cupples, and Tromearne, J. Amer. 
Chem. Soc. 1928, 50, 1275; Smith and Taylor, 
ibid. 1923, 45, 2107; 1926, 48, 3122; Heuse 
and Otto, Ann. Physik, 1929, 2, 1012; Keyes, 
Smith, and Joubert, J. Math. Phys. Mass. 
Inst. Tech. 1922, 1, 191 ; Kvalnes and Gaddy, 
J. Amor. Chem. Soc. 1931, 53, 395; Benedict 
ibid. 1937, 59, 2224, 2233; Doming and Shupe, 
ibid. 1930, 52, 1382 ; Physical Rev. 1931, [ii], 
37, 638; 1934, [ii], 45, 109; Maron and Turn- 
bull, Ind. Eng. Chem. 1941, 33, 69, 246, 408; 
J. Amer. Chem. Soc. 1942, 64, 44), and com- 
pressibilities of binary and ternary mixtures of 
nitrogen, hydrogen, and methane by Kritschew- 
sky and Levchenko (Acta Physicochim. U.R.S.S. 
1941, 14,271). The product as with all gases, 
increa.sos at high pressures ; if the value at 
S.T.P. is taken as 1, Bartlett gives the following 
values for nitrogen at 2()‘^c. : 


p atin. 

. . 50 

100 

200 

400 

pv . . . , 

. . ^ -0607 

J -0745 

1-1320 

1-3467 

p atin. 

. . 500 

600 

800 

1,000 

pv . . , 

. . 1-4761 

1 -6098 

1-8817 

2-1481 


Some values at very high pressures found by 
Bridgman (Proc. Amor. Acad. 1924, 59, 171) are. 


at 68"c. {pv—\ at 0°c. and 1 kg. per sq. cm.) : 

p kg, per 8 ( 1 . cjn. 

4,000 

6,000 8,000 

pv 

5-82 

7-95 9-94 

p kg. per 8q, cm, . 

10,000 

13,000 15,000 

2)V 

11-91 

14*70 16*50 


The thermodynamic properties of oxygen- 
nitrogen mixtures are given by Kritschewsky 
and Tonotscheschnikow (Z. physikal. Chem. 
1936, 176, 338). 

The coefficient of expansion a and of pressure jS, 
and their dependence on temperature and 
pressure, have been measured for nitrogen gas 
over a wide range (Chappuis, etc., Trav. M^m. 
Bur. intornat. 1902, 12; 1907, 13; Jaquerod 
and Perrot, Compt. rend. 1904, 138, 1032; 
Burgess, J. Chim. phys. 1913, 11, 529 ; Henning, 
Otto, and Holbom, Z. Physik, 1921, 6, 264, 285 ; 
1922, 10, 367; 1924, 23, 77; 30, 320; Ann. 
Physik, 1929, 2, 1012 ; Verschoyle, Proc. Roy. 
Soc. 1926, A, 111, 552) ; the coefficient of ex- 
pansion of the liquid is about 0*0055 (Erdmann, 
Ber. 1906, 39, 1207 ; Bakker, Z. physikal. Chem. 
1914, 86, 160; Thatte, Phil. Mag. 1929, [vii], 7, 
887). 

The coefficient of expansion increases with 
increase of pressure to a maximum and then 
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decreases ; the mean values in the range 0-100°c. 
are : 

aim 1 50 iiOO 500 1,000 

(a l)xlO-^ . . 368 400 433 3J5 200 

The invert on temperat ure for the Joule- 
Thomson eflect for nitrogen varies from 243° for 
159 kg. per sq. cm. to 103° for 30 kg. j>er sq. 
cm. for expansion to 1 atm. pressure (Olszewski, 
Bull. Acati. Polonaise, 1900, 792; Phil. Mag. 
1907, [vi], 13, 722; Porter, ibid. 1910, [vil, 19, 
888 ). 

The viscosity -q of nitrogen gas is l*728x 10“'* 
dyne-seo. per sq. cm. at 10-I°c. and 2*461 x 10“^ 
at 200°; the Sutherland constant C is 102*7 
(Traiitz and Baumann, Ann. I^hysik, 1929, 2, 
133 ; cf. Markowski, ibid. 1904, 14, 742 ; at 
higher temperatures, Trautz and Zink, ibid. 
1930, 7, 427 ; at higher pressures, Michels 
and Gibson, Proc. Boy. 8oc. 1931, A, 134, 288). 
The viscosity of the liquid at the boiling-point is 
about 16xl0~'‘. 

The dielectric constant of nitrogen gas at 8.T.P. 
is 1*0005824 (Michels, Jaspers, and Sanders, 
Physica, 1934, 1, 627; Zahn, Pliysical B,ev. 
1924, 1 ii !, 24, 400 ; effect of temperature and pres- 
sure, Uhlig, Kirkwood, and Keyes, J. Chern. 
Physics, 1933, 1, 155); that of liquid nitrogen 
is 1*68 (Wachsmuth and Messtorff, Verb. phys. 
Ges. 1922, 3, 7), and that of the solid 1*515 
(Mclxjnnan, Jacobsen, and Wilhelm, Trans. 
Roy. Soc. Canada, 1930, 24, m, 40). The dipole 
moment of the gas is zero, and the specific 
magnetic susceptibility is y.l0’=— 0*430 at room 
temperature (Havens, Physical Rev. 1933, jiil, 
43,992). 

The refractive index of the gas for A =5,460 a. is 
1 + 299*7 X 10^^^ at S.T.P. (Cuthbertson and 
Cuthbertson, Proc. Roy. Soc. 1910, A, 83, 149; 
Phil. Mag. 1913, [vi], 25, 592; cf. Ramsay and 
Travers, Z. physikal. Chem. 1898, 25, 100 ; 
Jones and Partington, Phil. Mag. 1915, [vi], 29, 
28). The refractive index of the liquid at —190° 
for the D-line is 1*2053 (Liveing and Dewar, 
ibid. 1893, [v], 36, 328). On the dispersion of 
nitrogen, see Gerald, Ann. Physik, 1921, 65, 82; 
Korff and Brcit, Rev. Mod. Physics, 1932, 4, 471 ). 

The thermal conductivity of the gas at S.T.P. 
is k~5‘5x 10“® g.-cal. per cm. per sec. per degree 
(Ibbs and Hirst, Proc. Roy. Soc. 1929, A, 123, 
134) and the thermal coefficient of the con- 
ductivity is (^^—A-y)/A'Q<= 0*0029 (Dickins, ibid. 
1934, A, 143, 517). 

The specific heats of the gas at constant 
volume Ct; and at constant pressure Cp and the 
ratio Cp/Cf) are discussed by Partington and 
Shilling (“ The Specific Heats of Gases,” Benn 
Bros., 1924, p. 204; Phil. Mag. 1928, [vii], 6, 
926 ; Trans. Faraday Soc. 1926, 22, 277 ; 
Partington and Howe, Proc. Roy. Soc. 1924, A, 
105, 225 ; Dixon and Greenwood, ibid., p. 199). 
The values in g.-cal per g.-mol per degree are ; 

t^C. 0 100 200 400 600 800 1,000 

Cp . 0-92 6*94 C-97 7 05 7 18 7-20 7*30 

C, . 4*92 4-95 4*99 5-06 5 14 5-22 5*32 

Numerous formulee have been proposed to 
represent the effect of temperature on the 
specific heats, e.g,, c« =0*2491+ 9*5 x g.-cal, 

per g. ; and from 300-3, 000 °k. {T) (Kelley, U.S. 


Bur. Mines Bull. 1934, No. 371 ; J. R. Parting- 
ton, “ Chemical Thermodynamics,” Constable, 
1940, p. 215): 6^ - 6*50 f 1*00 x lO-'T. The 
specific heats of the solid and liquid at low tem- 
peratures (there is a transition in the solid at 
35*6 °k.) (Clusius, Z. physikal. Chem. 1929, B, 8, 
41 ; Giauqtu^ and CJayton, J. Amer. Chem. Soe, 
1933, 55, 4875; Wiebe and BreVoort, ibid. 
19.30, 52, 622 ; older values in Alt, Ann. Physik, 
1904, 13, 1010) are : 

at)S. . . 10 20 .30 50 70 

Tp solid. . 1-2 4 (’. H'O ]()•() i :45(li(i.) 

From these and other values the entropy and 
free energy of the gas have been calculated for 
various temperatures (Giauqiie and Clayton, 

I. C.). 

The critical constants of nitrogen are (Pickering, 

J. Physical Chem. 1924, 28, 97 ; Sci. Papers U.S. 

Bur. Stand. 1926, 21, 597); +=-147*l°c., 

33*5 atm., critical density 0*311 g. per ml. 
(for earlier values, see Wroblewski, Compt. rend. 
1885, 100, 979; Dewar, Proc. Roy. Soc. 1904, 
73, 251 ; Crommelin, Proc. K. Akad. Wctensch. 
Amsterdam, 1915, 17, 959). 

The boiling-point is — 195*8°o. (Giauque and 
Clayton, J. Amer. Chem. Soc. 1933, 55, 4875 ; 
for earlier values, see Dewar, Proc. Roy. Soc. 
1902, A, 69, 360 (-195*0°); Grunmach, 
Sitzungsber. Preuss. Akad. Wiss. Berlin, 1906, 
679 (-195*9°); Alt, Ann. Physik, 1906, 19, 739 
( -195*55°); Henning and Reuse, Z. Physik, 
1924, 23, 105). 

The vapour pressures in atm. of liquid nitrogen 
at various absolute temperatures T, and also 
the boiling-points under various pressures in 
atrn., are accurately produced by the formula 
log /)= — 304*494/7^+3*93352 (Dodge and Davis, 
J. Amer. Chem. Soc. 1927, 49, 610; for older 
values, see Olszewski, Compt. rend. 1884, 99, 
133 ; Baly, Pliil. Mag. 1900, [v], 49, 517 ; Fischer 
and Alt, Sitzungsber. K. Akad. Miinchen, 1902, 
113). Vapour pressures of nitrogen isotopes are 
discussed by Kishenbaum and Urey (J. Chem. 
Physics, 1942, 10, 706, 710). Tho*Zafewf heat of 
evaporation, l(, at the boiling-point is 47*58 g.-cal. 
per g. (Giauque and Clayton, J. Amer. Chem. 
1933, 55, 4875 ; cf. Dewar, Proc. Roy. Soc. 1905, 
76, 325 ; Alt, I.C.). Some values of the vapour 
pressures and latent heats at various tempera- 


tures {cf. Wiebe and Brevoort, 

l.c.) are : 




213 

- 203 

- 193 

-183 

p kg. per sq. cm. . 

()06* 

0-4 

J-.37 

3*6 

te g.-cal. per g. . 

52 

50 

47 

43 



J73 

- 1 63 

-1.53 


p kg, per sq. cm. . 

77 

14 

25 


te g.-cal. per g. . 

39 

33 

22 



* Solid. 


The compressibility of liquid nitrogen (—198°, 
to 240 atm.) is 250x10“*^ atm.“^ (Simon and 
Kippert, Z. physikal. Chem. 1927, 1^, 113). 

The surface tension., y, of the liquid at the boil- 
ing-point is 8*7 dynes per cm. (Verschaffelt, 
1925, quoted in Landolt-Bornstein, “ Physi- 
kal isch-chemische Tabellen,” Berlin, 1931, 
Ergzb. II, i, p. 166; Grunmach, Ann. Physik, 
1907, 22, 107) ; the dependence of y on abso- 
lute temperature is given by y=yo(l— 
where Tc=»critical temperature (abs.) and n is 
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about 1-2 (Baly and Donnan, J.C.S. 1902, 81, 
907 ; Ferguson, Phil. Mag., 1916, [vi], 81, 37 ; 
de Block, BuU. Acad. roy. Belg. 1925, 11, 292, 
355 ; Grunmach, Sitzungsber. Akad. Wiss. 
Berlin, 1906, 679). 

The densities of liquid nitrogen are : at 
— 193-93°c., 0-8084 (Inglis and Coates, J.C.S. 
1906, 89, 886) or 0-8010 (Baly and Donnan, 
lc.)i at -195-5°, 0-8042 (Dewar, Proc. Roy. 
Soc. 1902, 69, 360); at -198-3°, 0-8218 (Baly 
and Donnan) or 0-8297 (Inglis and Coates). 

The melting-point (at 1 atm. pressure) is not 
determined ; the triple point is at 63-14°K. 
and 94-0 mm. (Giauqiie and Clayton, J, Amer. 
Chem. Soc. 1933, 55, 4875 ; Justi, Ann. Physik, 
1931, 10, 983, gives 6309 °k. and 93-91 mm.; 
for older values, see Baly, Phil. Mag. 1900, [v], 
49, 517 (—210-52°); Dewar, Proc. Roy. Soc. 
1904, 73, 215 (-210-5°); Fischer and Alt, 
Sitzungsber. K. Akad. Miinchen, 1902, 113 
(—210-48°)). The dependence of melting-point 
<°c. on pressure p atm. is given by : /=— 209-95 
■+-2-16X lO'^p (Verschoyle, Phil. Trans. 1932, 
230, 1 89 ; c/. Simon, Ruhemann, and Edwards, 
Z. physikal. Chem. 1929, B, 6, 331). The 
latent he-cU of fusion, If, is 172-3 g.-cal. per g.-mol. 
(Giauque and Cla 3 rton, lx.). At very low tem- 
peratures the solid crystallises in the regular 
system, but undergoes a transition at — 237-6°c. 
to crystals of the hexagonal system with the 
heat of transition of 54-7 g.-cal. per g.-mol. 
(Giauque and Clayton, l.c. ; Ruhemami, Z. 
Physik, 1932, 76, 368). The density of solid 
nitrogen is 0-8792 at -210-5°, 1-0266 at -252-5° 
(Dewar, Proc. Roy. Soc. 1904, 78, 251), 0-956 
at —210° (calculated from lattice dimensions 
by Simon, Ruhemann, and Edwards, l.c. ; 
Ruhemann, l.c.). The calculated molecular 
vohime at 0 °k. is 25-5 c.c. (Dewar, l.c.). The 
latent heat of sublimation is not directly deter- 
mined; it is calculated as 1,734-5 g.-cal. per 
g.-mol. at 36-6 °k. (Langen, Z. Elektrochem. 
1919, 25, 37) and 1,650 g.-cal. per g.-mol. at 0 °k. 
(Eucken, Karwat, and Fried, Z. Physik, 1924, 
29, 1). 

The adsorption of nitrogen on glass was 
studied by Shereshofsky and Weir (J. Amer. 
Chem. Soc. 1936, 58, 2022). Wood charcoal 
adsorbs ten times as much nitrogen at —186° as 
at 0° (Dewar, Compt. rend. 1904, 139, 261). 

The Bunsen absorption coefficient of soluhilityy 
a (vol. of gas at S.T.P. absorbed by 1 vol. water 
under 1 atm. press, of dry gas) and Ostvxdd 
solubility, a' (vol. of gas at ^°c. for 1 vol. water) 
for nitrogen are (Winkler, Z. physikal. Chem. 
1892, 9, 171 ; Fox, Trans. Faraday Soc. 1909, 
3, 68 Coste, J. Physical Chem. 1927, 31, 81) : 

To. ... 0 10 20 26 30 40 50 

a xl03 . . 23-8 18-8 15-7 14-7 14-0 12-6 11-3 

a' X 103 . , 23-8 19-5 16-85 16-0 — ~ — 

The solubility of nitrogen in water under 
high pressures was determined by Goodman 
and Krase (Ind. Eng. Chem. 1931, 23, 401), 
Wiebe, Gaddy, and Heins (J. Amer. Chem. Soc. 
1933, is, 947), and Krichevsky and Kasamovsky 
{ibid, 1935, 57, 2168), and in liquid ammonia 
by Wiebe and Tremearne {ibid. 1933, 66, 976). 

1 vol. of alcohol absorbs 0-1224 vol. of nitrogen 
at 20° (Carius, Annalen, 1855, 94, 136 ; FroUch 


et ail,, Ind. Eng. Chem. 1931, 28, 648 ; for other 
organic solvents, see Gniewosz and Walfisz, 
Z. physikal. Chem. 1887, 1, 70; Hiifner ibid., 
1907, 57, 611 ; Drucker and Moles, ibid. 1910, 
76, 405 ; Horiuti, Sci. Papers Inst. Phys. Chem. 
Res. Tokyo, 1931-32, i7j 125). Liquid oxygen 
at —195-6° absorbs 458 times its volume or 
50-7% of its weight of gaseous nitrogen (Erd- 
mann and Bedford, Ber. 1901, 37, 1184). The 
rate of solution of the gas in water has been 
studied by Adeney and Becker (Sci. Proc. Roy. 
Dublin Soc. 1918-19, 15, 385, 609; 1920, 16, 
143; Ind. Eng. Chem. 1924, 16, 1220). 

The various types of spectra shown by atomic 
and molecular nitrogen are very numerous and 
complicated (summary in H. Kayser and H. 
Konen, “ Handbuch der Spektroskopio,” Leip- 
zig, 1934, Vol. VII, p. 1232; band spectra in 
Herzberg and Sponer, Z. physikal. Chem. 1934, 
B, 26, 1 ; Kaplan, Physical Rev. 1934, [ii], 45, 
671, 675, 898 ; Worley, ibid. 1943, [ii], 64, 207). 
The band spectrum is divided into several 
positive and negative groups, so called because 
they appear at the positive and negative poles 
in a Geissler discharge tube : 

1. I. Po.ntive Group, main bands in yellowish 
red ; corresponding with the transition ^/7g • 
^27^ in the molecule. 

2. Vegard-Kaplan bands, 2,335-3,430 a. ; 

3 5-*+ . I 

Z/g • 

3. Appleyard-V an der Ziel bands, 2,000- 

2,800 A. ; -rj -> (‘0- 

4. II. Positive Group, main bands in bluish- 
violet; ®i7u -> ^J7g. 

5. HI. Positive Group, main bands in ultra- 
violet, 2000-3000 A. ; probably really due to 
nitric oxide. 

6. IV. Positive Group ; D ^/Jg, belonging 
to active nitrogen {see below). 

7. Lyman- Bir ge- 11 opfield group, in extreme 
ultra-violet, ’/7„ - 

8. Cyanogen hands perhaps due to Ng 
molecule. 

9. Negative bands, mainly in bluish-violet ; 

due to Ng ion. 

Chemicai. Properties of Nitrogen. 
Nitrogen gas is rather inert chemically, on 
account of the high heat of dissociation of the 
molecule; N2=2N — 169-3 kg. -cal. per g.-mol. 
It combines with oxygen and hydrogen on 
sparking, forming nitric oxide and ammonia, 
respectively, and also combines directly with 
some metals and non-metals to form nitrides. 
Lithium combines at room temperature but 
more rapidly on heating, to form LigN, but the 
other alkali motals do not form nitrides directly 
in this way. Magnesium, calcium, strontium, 
and barium absorb nitrogen at a red-heat to form 
MgaNa, CagNg, SfgNg, and BagNg. Boron 
and aluminium at a bright red heat form BN and 
AIN. Silic*on, and some metals of higher groups, 
form nitrides directly at a white heat. Many 
other metal nitrides are formed by heating the 
metals, oxides, or salts in ammonia gas (E. B. 
Maxte^ “Ammonia and the Nitrides,” 
Churchill, 1921). Carbon does not combine 
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directly with nitrogen, but when heated in 
presence of alkalis or barium oxide it forms 
cyanides. Calcium (carbide when heated in 
nitrogen forms calcium (^yanarnide, CaCN 2 ; 
with barium carbide much barium cyanide is 
formed : 

CaCgdNg-CaCNg+C 

BaC2+N2-Ba(CN)2. 

Lithium nitride is decomposed by cold water, 
the nitrides of the alkaline earth metals by 
hot water, and boron and aluminium nitrides 
by heating in steam. In all cases ammonia 
and the oxide or hydroxide of boron or the 
metal are formed. 

Some special methods for the preparation of 
the nitrides are : 

(i) Striking an electric arc between a platinum 
cathode an(l an anode of the metal in liquid 
nitrogen. In this way the explosive NagN, 
KgN, and RbgN are obtained (Fischer and 
Schroter, Ber. 1910, 43, 1466). 

(ii) Heating the amides of barium and zinc : 
3Ba(NH2)2:=-Ba3N2+4NH3. 

(iii) Interaction of potassamido and a metal 
salt in liquid ammonia {see E. C. Franklin, “ The 
Nitrogen System of Compounds,” New York, 
1935) : 

3Hgl2+6KNH2=Hg3N2+6KH-4NH3. 

3TIN03+3KNH2-TI3N4-3KN03+2NH3. 

(iv) Interaction of atomic nitrogen with ele- 
ments (6‘ee ” Active Nitrogen,” below). 

The metallic nitrides are divisible into (i) the 
aalt’like nitrides^ which yield ammonia on 
hydrolysis, and (ii) the refractory nitrides, which 
are hard and have very high melting-points, are 
metallic conductors with negative temperature 
coefficients, and exhibit the phenomenon of 
supraconductivity {e.g., ZrN at 9*45 ®k.), are 
chemically inert, and are weakly paramagnetic 
(Friederich and Sittig, Z. anorg. Chem. 1926, 
143, 293 ; Becker, Physikal. Z. 1933, 34, 185). 
Some of these compounds have a potential 
interest as refractories. 

Active Nitrogen. 

When a stream of rarefied nitrogen is sub- 
jected to the action of a condensed electric dis- 
charge the gas shows a yellow glow which persists 
for some little time beyond the region of the 
discharge or after the discharge is discontinued 
(Morren, Ann. Chim. Phys. 1866, [iv], 4, 293 ; 
P. Lewis, Ann. Physik, 1900, 2, 459). This 
phenomenon was first definitely shown to be 
connected with a cJiemically active form of 
nitrogen (“ active nitrogen ”) by R. J. Strutt 
(now Lord Rayleigh), who also showed that it is 
formed by a condensed, electrodeless, or arc 
discharge in nitrogen at low pressure (Proc. 
Roy. Soc. 1911, A, 85, 219; 1911-12, A, 86, 
66, 262; 87, 179; 1913, A, 88, 639; 1916, A, 
91, 303 ; 1916, A, 92, 438 ; 1917, A, 93, 254 ; 
J.C.S. 1918, 113, 200). The luminous gas givea 
a characteristic spectrum (Fowler and Strutt, 
Proc. Roy. Soc. 1911, A, 85, 377) showing green, 
yellow, and red bands of about equal intensity. 
Although the glow is produced only in presence 
of traces, of other gases (see below)^ idtrogen alone 


is con<!emed in the actual emission process, for 
the spectrum is the same whether the im- 
purity is oxygen, methane, or hydrogen sulphide, 
and the main group of bands, the so-called a- 
group, with three conspicuous bands in the red, 
yellow, and green, is merely part of the First 
Positive band group in the ordinary nitrogen 
spectrum (p. 60Sc). If the gas is passed through 
a glass tube moderately heated at one point the 
glow disappears locally. If the gas is strongly 
heated the glow permanently disappears. Its 
brilliance is enhanced by cooling with liquid air, 
but at the coldest part of the tube it is finally 
extinguished. 

Active nitrogen shows remarkable chemical 
activity as compared with the ordinaiy gas. It 
reacts in the cold with mercury and many other 
metals to form nitrides, which are hydrolysed 
to ammonia by water or alkali ; it combines 
with phosphorus, gives a bright blue flame with 
iodine vapour and faint blue and green flames, 
respectively, with sulphur and arsenic ; acety- 
lene reacts to form hydrocyanic acid (methane, 
contrary to Rayleigh’s statement, does not react 
if pure) and carbon disulphide forms bine 
nitrogen sulphide and polymerised carbon mono- 
sulphide. Sulphur chloride gives ordinary 
yellow nitrogen sulphide. Methyl chloride, 
ethyl iodide, chloroform, ethylene, and ethylidene 
dichloride react to form hydrocyanic acid and, 
in presence of (ffilorine, cyanogen chloride ; ben- 
zene yields cyanobenzene. Active nitrogen 
decomposes nitric oxide into its elements (not 
nitrogen dioxide as stated by Rayleigh, this 
being a secondary product) : 

2Nd2N0 = 2N2+02. 

It is particularly noteworthy that active nitrogen 
has no action on molecular oxygen or hydrogen. 

As a result of an experimental controversy 
between Strutt and co-workers (Baker and 
Strutt, Bor. 1914, 47, 801, 1049; Baker, Tiede, 
Strutt, and Domckc, ibid,, p. 2283) on the one 
hand, and Tiede and Domcke {ibid. 1913, 46, 
4095; 1914, 47, 420) and Koenig and Elod 
(Physikal. Z. 1913, 14, 166; Ber. 1914, 47, 516, 
523) on the other, the result emerged that active 
nitrogen is not formed by the action of the dis- 
charge on very pure nitrogen. Traces of im- 
purities of markedly different character, such as 
oxygen, methane, ethylene, oxides of carbon, 
hydrogen sulphide, and mercury vapour, are 
necessary for its production. The amount of 
oxygen to produce the effect reaches an opti- 
mum at about 1 part in 750, after which the 
intensity of the glow diminishes and vanishes 
altogether with 2% of oxygen. The glow pro- 
duced with air Rayleigh considered to bo due to a 
reaction between ozone and nitric oxide ; 
Kondratjev (Physikal. Z. Sovietunion, 1937, 11, 
320) claims it is duo to N Og. The production of 
active nitrogen in the discharge is of the nature 
of a stationary reaction, the concentration 
reaching a limit which may be lowered if the 
conditions are less favourable. The gas should 
be at low pressure (about 2 mm. or less) since 
collisions with ordinary nitrogen molecules 
destroy active nitrogen, which is also largely 
destroyed by an un condensed electric discharge 
or a high-tension continuous current* 
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There has been considerable discussion about 
the nature of active nitrogen, and although the 
problem has been greatly clarified in recent 
years there are still some obscmre features (for 
summary, see S. K. Mitra, “ Active Nitrogen, 
A New Theory,” Calcutta, 1945). It was con- 
sidered probable that the activity is not as- 
sociated with any ionised form of nitrogen, since 
it is unaffected by the removal of ions from the 
gas which has been subjected to the discharge, 
but Mitra {l.c.) has proposed the theory that 
active nitrogen consists of ions. Rayleigh 
suggested that active nitrogen contains un- 
charged nitrogen atoms, and this has been 
largely substantiated. The suggestion by Trautz 
(Z. Elektrochem. 1919, 25, 297) that it is tri- 
atomic nitrogen, N3, probably not a cyclic 
molecule because of the nitride formation and 
the absence of azide formation (azides being 
then thought to have a cyclic structure), is no 
longer entertained, since Rayleigh was unable 
to condense any form of active nitrogen by 
strong coohng. The spectroscopic evidence, on 
the other hand, indicates that the a-bands or 
First Positive bands are due to the uncharged 
nitrogen molecule and Dhar (Z. anorg. Chem. 
1924, 141, 1; 1926, 159, 103; d. Physical 
Chem. 1924, 28, 948) suggested that nitrogen 
molecules are excited by the discharge and 
afterwards give up their energy with the emission 
of the glow. Duffieux (Nature, 1926, 117, 302) 
considered that the excitation is produced by 
ionised atoms, the Second Positive band group 
(which predominates in the discharge du ing the 
activation of the nitrogen) being due to the atom. 

The spectroscopic evidence points to the 
emission of the glow by the diatomic molecule 
Ng in some peculiar state, and Birge {ibid. 1924, 
114, 642 ; Physical Rev. 1924, [ii], 23, 294) and 
Saha and Sur (Phil. Mag, 1924, 48, 421 ; review 
by Saha and Mathur, Proc. Nat. Acad. Sci. 
India, 1936, 6, 120) considered that this is the 
metastable excited neutral molecule N g. 

WiUey and Rideal (J.C.S. 1926, 1804) found 
the value 42,600 g.-cal. for the heat of formation 
of active nitrogen by allowing it to react with 
nitric oxide. Willey {ibid. 1927, 2831 ; Nature, 
1927, 119, 924) at first supposed that the glow 
and chemical activity are independent, and that 
different stages in activity are possible. Rayleigh 
also thought the glow could bo destroyed without 
destroying the chemical activity. It was thus 
considered possible that the average energy of 
chemically active nitrogen might be appreciably 
smaller than that of the glowing molecules, and 
that the glowing nitrogen is only a fraction of 
the total chemically active nitrogen and is in 
a considerably more excited state than the 
average. This was supposed to clear up a dis- 
crepancy thought to exist between the observed 
heat of formation {see above) and the heat of 
dissociation of the nitrogen molecule into 
atoms. The ^more recent considerable reduction 
in the latter value has modified this argument, 
and in later work Willey (J.C.S. 1930, 339) con- 
cluded that the glow and chemical phenomena 
are not completely independent. 

When Herzberg and Sponer (Z. physikal. 
Chem. 1934, B, 26, 1) showed that the heat of 
dissociation N,=2N is 169*3 kg.-cal. perg.-mol.. 


much smaller than was previously assumed (but 
see above f p. 5()6a), it was possible for Cario 
(Z. Physik, 1934, 89, 623) to present a con- 
sistent scheme for the mechanism of glow pro- 
duction. In this, metasiable Ng molecules with 
6*14 v. (instead of 8-1 v., as previously assumed) 
arc sup})osed to be excited by collision with 
rnetastabhi N atoms with energies of 3-66 v. 
(“P state) and 2-37 v. {'*D state), and the result- 
ing N2 molecule, with energy 9*70 or 8*61 v., then 
emits radiation. The chemical activity is sup- 
posed to be due to the atomic forms. 

The foreign gases necessary for the production 
of the glow act catalytically, since they play 
no part in the actual light emission. Rayleigh 
show'cd that the decay of the glow is influenced 
by the walls of the vessel, and Bonhoefter and 
Kaminsky (Z. ])hysikal. C3iem. 1927, 127, 385) 
found that the effects of different gases markedly 
depend on the walls, l^wis (J. Amer. Chem. 
Soc. 1929, 51, 654, 665) showed that baking the 
8urfac(i causes the afterglow to disappear, but 
that the glow can be made to reappear on the 
addition of sufficient water vapour to cover the 
surface. Willey (J.C.S." 1928, 1620; 1930, 

336, 1146; cf. Sponer, Z. Physik, 1925, 34, 
622; Herzberg, ibid. 1928, 46, 878) examined 
the effect of other foreign gases and of the walls 
( n the decay of the glow, and Ravleigh (Proc. 
Roy. So(!. 1935, A, 151, 567) by\!oating the 
walls with phosphoric acid was able to prolong 
the glow period very considerably. All these 
results show that the glow occurs in the gas, 
that it is due to a (Jiange which can occur on 
very clean walls without glow, and that the 
function of the traces of foreign gases necessary 
for the production of tlio glow is probably to 
“ poison ” the catalysing walls by covering 
them with an adsorbed film and so forcing the 
change into the gas phase, where it occurs, 
probably as a result of termolecular collisions 
between excited atoms and molecules, with the 
emission of the glow. 

Later investigations by Rayleigh have re- 
opened some puzzling questions as to the 
nature of active nitrogen. He showed {ibid. 
1942, A, 180, 123) that the effect of oxygon is 
to produce some modification of the walls of a 
glass vessel which is favourable to the production 
of active nitrogen. Strong preliminary heating 
of the walls, or even heating in nitrogen at 
atmospheric pressure, brings about inhibition 
of the after-glow, whilst heating in oxygen at 
1 mm. pressure restores its formation. He con- 
cluded {ibid. 1942, A, 180, 140) that ionisation 
of the Ng molecule, with the energy 16-61 v., 
is closely associated with the formation of active 
nitrogen {cf. Mitra, l.c.). The ionisation and glow 
mechanisms are probably different, but the 
energy (about 9-6 v. : see above) attributed to 
active nitrogen on spectroscopic grounds is 
regarded with suspicion ; too much stress has 
perhaps been laid on the spectroscopic aspect, 
since the ionisation may involve as many atoms 
as are concerned in the light emission. Rayleigh 
{ibid. 1940, A, 176, 1) found that if a volume of 
glowing nitrogen is doubled by diffusion into 
ordinary nitrogen, the glow intensity is reduced 
4*3-fold, or about 4-foId, as would be expected 
if the reaction were bimoleoular as regards active 
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nitrogen (see above). On compression with a 
solid piston, the brightness varied inversely as 
the cube of the volume, and over the range 
examined it varied as where T is the 

absolute temperature, whilst in most ordinary 
chemical reactions the effect is proportional to 
about The most striking results are 

those {ibid. 1940, A, 176, 1C) in which iheccs of 
gold, silver, copper, or platinum were made 
red-hot, and even melted, when exposed to 
active nitrogen formed in a low-pressure dis- 
charge, without any chemical effect on the metal. 
The energy collected and liberated by the metal 
is surprisingly large and cannot be reconciled 
with existing theories of a(!tive nitrogen ; only 
with difficulty, in fac.'t, with the assumption of 
(!omplete dissociation of nitrogen molecules. 
The energy radiated in th(i after-glow amounts 
to only about one thousand of that collected by 
the metals, so that the luminosity is of quite 
subordinate importance from the point of view 
of the energy of the active nitrogen. A large 
dissipation of energy must occur in some non- 
luminous effect, the nature of which is obscure, 
and it is uncertain at what period in the decay 
time it is mainly released. Ka])lan (Physical 
Rev. 1940, [ii], 57, 662; c/. Kamiyarna and 
Sugiura, Sci, Pap. Inst. Phys. Chom. Res. Tokyo, 
1939,-36, Abstr., 62 ; 1940, 37, 479) found that 
the character of the glow changed with time, 
the line 3,467 a having a greater relative intonsil y 
as compared with the Secon<l Positive band 
system (p. 508c) later in the life of the glow. 

The problem of active nitrogen is still far from 
a satisfactory solution, but most of the experi- 
mental work so far available points to the 
nitrogen atom, whether in normal or excited 
states, as the probable carrier of the chemical 
activity. 

The strong green or blue -green fluorescence 
excited by active nitrogen with many salts 
(Lewis, Nature, 1923, 111, 599) may be due to 
chemical reaction with active nitrogen or to the 
presence of free electrons, but is probably a 
chemiluminescence phenomenon in which the 
decomposition of the activating substance 
furnishes the energy for luminescence (Bon- 
hoeffer and Kaminsky, Z. physikal. Chem. 1927, 
127, 385). 

In the explosion of mixtures of carbon mon- 
oxide, oxygen, and nitrogen some kind of 
activation of the nitrogen is supposed to occur 
(Bone, Newitt, and Townend, J.C.S. 1923, 123, 
2008; Proc. Roy. Soc. 1923, 103, 205; 1924, 
106, 406) but the effect was not adequately 
studied. According to Lowry (J.C.S. 1912, 
101, 1162; Trans. Faraday Soc. 1913, 9, 189) 
when air is subjected first to a silent discharge 
(which will form ozone) and then to a spark 
discharge (which will form nitric oxide), a 
peculiar form of active nitrogen is formed. The 
results, however, are probably due to reactions 
of ozone and nitrogen oxides (Willey and Foord, 
J.C.S. 1932, 163). 

Halides of Niteogen. 

Nitrogen Fluoride, obtained by elec- 
trolysing fused anhydrous ammonium hydrbgen 
fluoride (Buff, Fischer, and Luft, Z. anorg. Chem. 
1928, 172, 417), is a colourless gas at ordinaiy 


temperatures, and analysis and density measure- 
ments give the formula N Fg. It is condensed by 
liquid air to a colourless mobile liquid, b.p. — 119°, 
freezing somewhat above — 216*6° (Ruff and 
tniisiu^ Z. anorg. ( hun. 19.30, 190, 267). It is 
insoluble in w^atcr and unatta(;kcd by hydrogen, 
but when sparks are passed through a mixture 
of the gas with w ater vapour, hj^drogen fluoride 
and oxides of nitrogen are formed. With hydro- 
gen under similar' conditions, the reaction is very 
violent, nitrogen and hydrogen fluoride being 
formed. 3'here is no reaction with mercury, 
manganese dioxide, potassium hydroxide solu- 
tion, or glass at the ordinary temperature. The 
toxic properties of N Fg are due to its inhibiting 
the oxidation of haunoglobin in the blood. 

Rutl and co-workers {ibid. 1931, 198, 32) claim 
to have isolatc'd several intermediate compounds 
in the preparation of NFg, including NHgF, 
NHFg. and a yellow compound thought to bo 
NFg, all gases at ordinary temperature and 
pressure. 

Under all conditions, nitrogen trifluoride and 
other nitrogen fluorides are produced in addition 
to nitrogen by the action of fluorine on ammonia 
(Ruff and Hanke, ibid. 1931, 197, 273, 395). 

Nitrogen trifluoride may be analysed by 
(a) the reaction with heated hydriodic acid ; 
NFg-i-THI-NH^I + SHF+SIg,’ the iodine 
being titrated, {b) the reaction with sodium : 
2NF3-f GNa — Ng+SNaF (Ruff etal., ibid. 1931, 
197,273; 1931,198,32). 

Nitrogen Chlorides. — By the action of 
clilorino on ammonia under suitable conditions, 
three substitution products are formed (with 
ammonia in excess, only nitrogen is obtained, 
p. 504d) : 

NHg+CIg^NHgCI+HCI 

NHgCI+CIg^NHClg+HCI 

NHClg-fCIg-NCIg+HCl. 

Monochloroamine, NHgCI, is formed in 
solution by the action of ammonia on chlorine 
water, and is used in sterilising water supplies, 
acting more powerfully than chlorine. It is 
also formed from sodium hypochlorite solution 
and a slight excess of ammonia (Playfair, Mem. 
and Proc. C.S. 1845, 3, 356 ; F. Raschig, Ber- 
1907, 40, 4586 ; “ Schwefol- und Stickstoff- 

studion,” Vorlag Chemie, 1924, p. 50) : 

NaOCI+NH3==NH2CI~f NaOH. 

By distilling the solution in vacuum, drying the 
vapour with anhydrous potassium carbonate, 
and condensing it in liquid air, colourless crystals 
of pure NHgCI are obtained, melting at —66° 
and decomposing explosively at —50° into nitro- 
gen, chlorine, and ammonium chloride (Marck- 
wald and Wille, Ber. 1923, 56 [B], 1319). 

Dlchloroamlne, NHClj, is less stable than 
monochlori amine and is known only in solution ; 
it is formed by acidifying a solution of NHgCI 
or by the action of chlorine on excess of am- 
monium sulphate solution buffered to pH 4‘5-6*0 
(Chapin, J. Amer. Chem. Soc. 1929, 51, 2112). 

Trlchloroamlne or Nitrogen Trichloride, 
NCI3, was accidently obtained by Dulong (who 
sustained serious injury by an explosion) in 1811 
by the action of chlorine on a solution of am- 
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raonium chloride (Schweigger’s J. 1813, 8 , 302 ; 
Ampere, Ann. Chim. Phys. 1885, [vi], 4, 12; 
Victor Meyer, Ber. 1888, 21, 26) : 

NH^CI + aCla-NCIgl 4HCI. 

Balard (Ann. Chim. Phys. 1834, [ii], 57, 250) 
obtained it by the action of hypochlorous acid 
on ammonium chloride (ammonium sulphate is 
preferable), and Hentschcl (Ber. 1897, 30, 1434, 
1792) by the action of sodium hypochlorite on 
ammonium chloride : 

7NaOCI+2NH4CI 

-NCl3+NaCl4 NaN03+4H20. 

Nitrogen chloride is also formed by the action of 
excess of chlorine on ammonia, a reaction 
formerly thought to involve the intermediate 
formation of ammonium hypochlorite ; since it 
occurs between anhydrous ammonia and 
chlorine this cannot be true, and probably a 
simple substitution reaction occurs : 

NH3+3Cla=NCl3+3HCI, 

followed by NH 3 + HCI-NH 4 CI (Noyes and 
Lyon, J. Amor, (iihem. Soc. 1901, 23, 460; 
Noyes and Haw, ibid. 1920, 42, 2167 ; Bray 
and DoweU, ibid. 1917, 39, 905). 

Nitrogen trichloride is also formed at the 
anode in the electrolysis of concentrated am- 
monium chloride solution (Kolbe, J. pr. Chem. 
1847, [i], 41, 137; Hofer, Chem.-Ztg. 1890, 20, 
478). 

By adding a calcium hypocdiloritc solution 
acidified \vith hydrochloric acid to ammonium 
chloride solution, and shaking with benzene, 
the NCt 3 formed is dissolved in the benzene 
(Hentschel, Ber. 1897, 30, 1434, 1792, 2642). 
According to Rai (Chem. News, 1918, 117, 253) 
it can be prepared by the action of bleaching 
powder on a saturated solution of ammonium 
chloride at about 0 °, without the use of hydro- 
chloric acid or a solvent such as benzene or 
carbon tetrachloride. 

By covering 150 ml. of carbon tetrachloride 
with a concentrated aqueous solution of am- 
monium chloride, passing in chlorine gas with 
vigorous shaking, and then washing with water, 
a bright yellow solution of nitrogen trichloride 
is obtained (Chapman and Vodden, J.C. 8 . 1909, 
95, 138). 

Nitrogen trichloride is a yellowish, volatile, 
very pungent-smelling oil, the vapour of which 
strongly attacks the eyes and mucous mem- 
brane; p 1*653, b.p. 71®. It detonates at 93®, 
or in contact with organic matter, phosphorus, 
arsenic, ozone, or alkalis. Metals, strong acids, 
resins and sugar do not cause its explosion, which 
is, however, brought about by exposure to strong 
light (Porret, Wilson, and Kirk, Ann. Phys. Chem. 
1814, [i], 47, 56). It is strongly endothermic, 
the heat of formation being —38,477 g.-cal. 
(Deville and Hautefeuille, Compt. rend. 1869, 
69 , 152 ; Deville and Troost, ibid., p. 204). It 
reacts slowly with dilute ammonium chloride 
solution and more rapidly with a concentrated 
solution: NCI 3 + NH 4 CI = N 244 HCI, and is 
decomposed by ammonia and ammonium sul- 
phide solutions. Dry hydrogen chloride con- 
verts it quantitatively into ammonium chloride 
(Noyes). 


Nitrogen trichloride dissolves in benzene, 
other, chloroform, carbon tetrachloride, and 
carbon disulphide. The benzene solution has 
been used for chlorinating organic substances 
(Hentschel, Ber. 1897, 80, 2642). 

The formula NCI 3 was assigned to nitrogen 
chloride by Dulong (Schweigger’s J. 1813, 8 , 
302), Bineau (Ann. Chim. Phys. 1845, [iii], 15, 
82), and Deville and Hautefeuillo (Compt. rend. 
1869, 69, 152). Davy (Phil. Trans. 1813, 103, 
I, 242) found the chlorine to be in excess of that 
required for this formula and suggested NCI 4 , 
Porret, Wilson, and Kirk {l.c.), and Gladstone 
(J.C.S. 1854, 7, 51) concluded that hydrogen was 
present (the lattei* giving the formula as 
NgHCIg), but the methods of analysis were not 
accurate. Gatterraann (Ber. 1888, 21, 751 ; 
cf. Hentschel, ibid. 1897, 80, 1792) determined 
fche chlorine directly by decomposing a weighed 
quantity of the carefully purified and dried sub- 
stance with concentrated ammonia, thus forming 
ammonium chloride, in which the chlorine was 
estimated as silver chloride, the result closely 
agreeing with the formula NCI 3 . This was con- 
firmed by Chapman and Vodden (J.C.S. 1909, 
95, 138), who determined the ratio of nitrogen 
to chlorine, and also proved the absence of 
hydrogen. Hentschel {lx.) found that with ex- 
cess of chlorine acting on ammonium chloride 
the proportion of chlorine in the product can go 
above NCI 4 , but this is probably due to dis- 
solved free chlorine. 

The hydrolysis of nitrogen trichloride (Seli- 
vanov, Ber. 1894, 27, 1012): 

NCIg+BHaO ^ NH 3 f 3HOCI 
HOCI+HCIf^ Clg+HgO 
NH 3 -I HCI -NH 4 CI 

explains the easy reduction to ammonia, and 
the greater solubility in hydrochloric acid than 
in sulphuric acid or in water (since hydrochloric 
acid decomposes hypochlorous acid). Chap- 
man and Vodden (lx.), by shaking a solution of 
nitrogen chloride in carbon tetrachloride with 
moderately concentrated hydrochloric acid, 
removing any nitrogen trichloride from the 
aqueous solution, and xlistilling it with alkali, 
obtained ammonia in quantity. 

Nitrogen trichloride is quantitatively reduced 
to ammonia by sodium sulphite solution (Dowell 
and Bray, J. Arner. Chem. Soc. 1917, 89, 896). 
By the interaction of nitrogen trichloride and 
nitric oxide in a mixed chloroform-carbon tetra- 
chloride solvent three reactions occur (Noyes, 
ibid. 1928, 60, 2902) : 

(a) 2 NCl 8 =N 2 + 3 CljatO®. 

{b) NOCI-f NCl8=N204Cl2at -20®. 

(c) NCl 3 + 2 NO-N 2 O+NOCI + Cl 2 at- 80 ®. 

Reaction {b) is a subsidiary reaction which occurs 
slowly at —80° and is accompanied by the decom- 
position of 25% of the nitrogen trichloride into 
nitrous oxide and chlorine, and by reaction (a). 
At —150° the reaction is : 

id) NCl8+3N0-2N0CI-f-N20+Cl2, 

prdbably proceeding in four stages. Attempts to 
carry out the reactjion at —186® and —191° were 
not successful (Noyes, ibid. 1930, 52, 4^). 
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Nitrogen trichloride is a powerful inhibitor of 
the photochemical union of hydrogen and 
chlorine (Burgess and Chapman, J.C.S. 1906, 
89, 1399). The photochemical decomposition of 
nitrogen trichloride is retarded by the addition 
of helium, argon, nitrogen, and oxygen, which 
have specific effects. Mixtures of chlorine and 
small quantities of nitrogen give pressure in- 
crements corresponding with the net reaction 
2NCI3-N2+3CI2 (Griffiths and Norrish, 
Nature, 1931, 127, 14; Proc. Roy. Soc. 1931, 
180, 591 ; c/. Bowen, J.C.S. 1923, 123, 1203). 

Nitrogen Bromides. — The compounds mono- 
bromoarnive, NHgBr (Moldenhauer and Burger, 
Ber. 1929, 62 [B], 1615) and dihromoaminet 
NHBrg (Coleman, at al.^ J. Amer. Chem. Soc. 
1934, 56, 965), are formed by the action of 
bromine on ammonia, and a red, volatile, 
explosive oil formed by the action of potassium 
bromide on nitrogen chloride under water, 
although not analysed, was supposed to be 
nitrogen tribromide (NBrg?) (Millon, Ann. 
Chim. Phys. 1838, [ii], 69, 75). 

Nitrogen Iodide was first prepared by 
Courtois {ibid. 1813, [i], 88, 304) by digesting 
powdered iodine with aqueous ammonia. It is 
also formed as a black precipitate on mixing 
ammonia and alcoholic iodine solution (Serullas, 
ibid. 1829, [ii], 42, 200 ; Bunsen, Annalen, 1852, 
84, 1): 5NH3-f3l2=Nl3,NH8-f3NHJ, or by 
adding ammonia to a solution of iodine in 
aqvxi regia or of iodine chloride in potassium 
iodide solution (Schonbein, J. pr. Chem. 1861, 
[i], 84, 386), or by mixing solutions of am- 
monium iodide and bleaching powder (Glad- 
stone, J.C.S. 1855, 7, 51). Nitrogen iodide is 
usually prepared by gently triturating iodine 
with concentrated ammonia in a glass mortar, 
filtering off the black powder and tearing up the 
moist filter paper and compound, tho email 
portions being allowed to dry on pieces of card- 
board at the ordinary temperature. Crystalline 
nitrogen iodide is best prepared by running a 
solution of iodine chloride (I Cl) in hydrochloric 
acid into ammonia solution. 

Pure nitrogen iodide forms copper- coloured 
crystals, light-red by transmitted light, p 3*5, 
very readily exploded by shock (even the touch 
of a feather is often sufficient), warming, or 
exposure to strong light, especially ultra-violet 
light; the decomposition reaction is (Eggert, Z. 
Eiektroohem. 1921, 27, 647): 8Nl8,NH3= 
6 N 2+ 9 1 jH- 6 N H 4 1 . It slowly decomposes under 
water when exposed to light (Guyard, Compt. 
rend. 1883, 97, 526). 

Bunsen’s formula for nitrogen iodide 
Nl3,NH8, was confirmed by Chattaway (J.C.S. 
1896, 69, 1572; Amer. Chem. J. 1900, 23, 
363; 1893, 24, 138, 342). At low tempera- 
tures the compounds N 1 3,2N Hg, N 1 8,3N Hj and 
Nl8,12NH8 are formed by the action of am- 
monia (Hugot, Ann. Chim. Phys, 1900, [vii], 
21, 6 ; Ruff, Ber. 1900, 33, 3025). 

The formula N lg,NH8 (possibly HgN N Ij) 
is confirmed by the reaction with zinc ethyl 
(SUberrad. J.C.S. 1906, 87, 65) : 

Nla,NH8+3Zn(C2H5)2 

-32n iCgHad- N Hgd- N (C2H8)8 
2N Had- Zn (CgH5)a«Zn (N H2)2+ 2C^H 4. 
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Nitrogen iodide is hydrolysed as follows (Seli- 
vanov, Ber. 1894, 27 , 1012) : 

Nl3,NHg~h3H20^2NH40I+H0l, 

and hypoiodous acid is probably involved in its 
preparation from iodine and ammonia. It is an 
oxidising agent (Chattaway and Stevens, 
Amer. Chem. J. 1900, 23, 369) and is reduced, 
similarly to NCI3, by hydrogen sulphide, 
sulphur dioxide and sodium sulphite, and 
arsenious oxide : 

Nl8,NH3+3Na2S03+3H20 

=3NaS04-f2NH4l + 2HI; 

hydriodic acid liberates iodine, hydrochloric 
acid forms iodine chloride, hydrocyanic acid 
forms iodine cyanide, and alkalis a mixture of 
iodide and iodate. Each atom of iodine has 
the oxidising effect of an atom of oxygen, as in 
hypoiodous acid. It reacts with organic iodides 
(Silberrad and Smart, J.C.S. 1906, 89 , 172). 

According to F. Raschig (“ Schwefel- und 
Stickstoffstudien,” Verlag Chemie, 1924, p. 34) 
N1 jjNHg tends to pass into NI3 on washing. 
Nitrogen tri-iodide, NI3, is obtained as a black 
explosive powder by the action of ammonia 
gas on solid KIBpj and washing the product 
rapidly with water (Cremer and Buncan, J.C.S. 
1930, 2750) : 

3KIBr2+4NH3=Nl3-f-3KBr-f-3NH4Br. 

Niteogbn Sulphides, Etc. 

Nitrogen Sulphide was first prepared by 
Gregory (J. Pharm. Chim. 1836, 21, 316; 1836, 
22, 301), but first analysed by Soubeiran (Ann. 
Chim. Phys. 1838, [ii], 67, 71), who obtained 
the correct empirical formula NS, which was 
confirmed by Fordos and G61is (Compt. rend. 
1850, 31, 702), who were the first to obtain the 
pure compound. 

Nitrogen sulphide is prepared by passing a 
rapid current of dry ammonia gas into a 10-16% 
solution of sulphur chloride, SXIg, in dry ben- 
zene (Francis and Davis, J.C.S. 1904, 85, 259) 
or dry ether (Valkenburgh and Bailar, J. Amer. 
Chem. Soc. 1925, 47, 2134) until red fumes 
appear, after which the liquid is cooled and the 
current of gas continued for a short time. The 
ammonium chloride formed is filtered off, and on 
evaporation of the filtrate orange-red mono- 
clinic crystals (Artini, J.C.S. 1906, 90, 633), 
p 2*2, m.p. 185°, of nitrogen sulphide are 
obtained, which may be recrystallised from 
boiling benzene, toluene, or carbon disulphide. 

I It may be sublimed under reduced pressure. It 
I is explosive unless quite pure, when it is fairly 
S stable (Francis and Davis, l.c. ; Schenck, 
Annalen, 1896, 290 , 171). The molecular 
formula is N4S4 (Clever and Muthmann, Ber. 
1896, 29 , 340 ; Schenck, l.c, ; Francis and Davis, 
l.c.). The heat of formation of N 4S4 is — 127,600 
g.-cal. (Berthelot and Vieille, Compt. rend. 1881, 
92 , 1307 ; Ann. Chim. Phys. 1882, [v], 27 , 202). 

The reaction of formation has been given as : 

1 6N Hg-f eSjCIa* N4S4+1 2N H4CI+ Sg, 

but Ruff and Geisel (Ber. 1904, 37, 1573) give 
it as : 

16NH3-l-12SCl4-3N4S4-h48HCI+2N2. 
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Nitrogen sulphide is also formed by the action 
of sulphur on hquid ammonia in presence of silver 
iodide (to remove the hydrogen sulphide pro- 
duced), the reaction being reversible (Moissan, 
Compt. rend. 1901, 182 , 610; Ruff and Geisel, 
Ber. 1906, 38 , 2669) : 

10S-i-4NH8^ N4S4-f6H2S. 

Nitrogen sulphide and lead iodide in liquid 
ammonia give olive- green prisms of lead dithio- 
di-imide, Pb;N2S2,2N Hg, and with mercury 
iodide bright yellow crystals of the mercury 
thio-di-imide, Hg:N2S,N Hg, but in neither case 
is precipitation complete. 

Nitrogen sulphide hydrolyses to form tri- or 
(probably) penta-thionic acid, sulphur dioxide, 
and ammonia (Valkenburgh and Bailar, l.c.). 
It reacts with some metal chlorides to form 
additive compounds (Wolbling, Z. anorg. Chem. 
1908, 67 , 281), with amines (Schenck, Lc.), fatty 
acids, and their anhydrides and halogen deriva- 
tives (Francis, J.C.S. 1905, 87, 1836), aromatic 
aldehydes (Davis, ibid. p. 1831) ; with hydro- 
fluoric acid it forms thionyl fluoride (in presence 
of moisture) (Ruff and Thiel, Ber. 1905, 88, 649), 
and it reacts with dry hydrogen chloride : 
*^4^4+^ 2HCI=4N HgH-4S-f eClj. On warm- 
ing in benzene solution with stannous chloride, 
nitrogen sulphide forms yeUow lustrous leaflets 
of (NSH)4, m.p. 152°, which is not combustible 
or explosive and evolves ammonia on heating 
with potassium hydroxide (Wolbling, l.c. ; 
Meuwsen, Ber. 1929, 62 [B], 1969). 

A blue modification of N4S4 is obtained by 
sublimation over silver gauze : it is much less 
volatile than the common form (Burt, J.C.S. 
1910, 97 , 1171). By subliming N4S4 with sul- 
phur at 126° (without silver gauze), a trace of a 
dark red volatile liquid, with the odour of 
iodine and freezing to a pale yellow soHd at 
—80°, is formed ; analysis by decomposition 
gave the formula NSj (Usher, ibid. 1926, 127 , 
730). 

The structure of N4S4 has been the subject 
of much speculation (Schenck, l.c. ; Ruff and 
Geisel, l.c. ; Amald et al., J.C.S. 1936, 1645) ; 
its crystal structure has been determined (Jaeger 
and Zanstra, Proc. Acad, Amsterdam, 1931, 34, 
782). , 

On passing chlorine into a suspension of N4S4 
in chloroform a tetrachloride N4S4CI4 is j 
formed, which separates on cooling in splendid 
yellow crystals, which decompose on heating : 
N484Cl4=«2S2Cl2+2N2, The substance forms 
a black tarry ma^s on exposure to air (Demar9ay, 
Compt. rend. 1880, 91 , 864 ; Andereocci, Atti R. 
Accad. Lincei, 1896, 6, 264; Z. anorg. Chem. 
1897, 14 , 246; Muthmann and Seitter, Ber. 
1897, 80 , 627). 

The compound (8N)3Ci is said to be formed 
by reaction between the correct amounts of 
N484 and N484CI4 in chloroform (Demar9ay, 
lx.). It is, however, probably thiodriihioazyl 
chUyride, N384CI, obtained by the action of 
N484 on 82CI2 in chloroform solution, or by 
heating N4S4 with acetyl chloride (Muthmann 
and Mtter, l.c.). It is an intensely yellow 
crystalline powder, which explodes a few 
minutes after becoming dry. It readily absorbs 
ammonia. 


Thio-trithioazyl chloride is a salt of the radical 
N384; the bromide^ N384Br (stable in air), 
iodide, N3S4I (very unstable), thiocyanate, 
N384CN8 (stable in air), and nitrate, N384NO3, 
are known. The nitrate is obtained in sulphur- 
yellow prisms on evaporating a solution of the 
chloride in concentrated nitric acid in vacuum. 
It is very explosive when dry, and the solution 
in water darkens after a few minutes, giving a 
black deposit. 

Hexasulphamide, SgNHg, is obtained from 
the mother-liquor resulting from the preparation 
of N4S4 from ammonia and SgClg in chloroform 
(Macbeth and Graham, Proc. Irish Acad. 1923, 
36, 31). 

Liquid nitrogen peniasulphide, NgSg, is formed 
by treating 30 g. of N4S4 and 600 ml. of pure 
carbon disulphide in an autoclave at 100° for 
2 hours, filtering, distilling off the carbon disul- 
phide, and evaporating at room temperature in 
vacuum : N484+2CS2-N2S5-fS-f2CNS. 

The residue is triturated with dry ether, and 
the Uquid separated from residual sulphur and 
cooled at —26° to separate the remainder of the 
sulphur. On evaporation of the ether over 
calcium chloride, NgS^ is obtained as a deep 
rod oil, which crystallises from a well-cooled 
solution in ether in black tablets, m.p. —10°. It 
is soluble in most organic solvents and is stable 
if not exposed to light, but it cannot be distilled 
(Muthmami and Clever, Z. anorg. Chem. 1897, 
18, 200). 

Nitrogen Selenide, N4Se4, is obtained by 
passing a rapid stream of dry ammonia gas into 
a cooled solution of selenium chloride in carbon 
disulphide (Valkenburgh and Bailar, J. Amer. 
Chem. Soc. 1926, 47, 2134). 

Oxides and Oxyaoids of Niteogen. 

Nitrous Oxide, was first obtained by 

Priestley in 1772 (“Experiments and Obser- 
vations on Air,” 1774, Vol. I, pp. 118, 216) by the 
action of iron or zinc filings, or potassium sul- 
phide or sulphite, on nitric oxide. He called it 
at first “ diminished nitrous air,” later dephlo- 
gisticated nitrous air. BerthoUet (Mem. Acad. 
Sci. Paris, 1786 (1788), 316) first obtained it by 
heating ammonium nitrate, and made a quanti- 
tative study of the reaction. The discovery is 
often credited to the Dutch chemists Deiman, 
Nieuwland, Bondt, Lauwerenburgh and van 
Troostwijk, who described it more fully in 1793 
(E. Cohen, “ Das Lachgas,” Leipzig, 1907). 
It was carefully investigated by H. Davy 
(“Researches, chiefly concerning Nitrous Oxide,’’ 
1800), who determined its composition and dis- 
covered its stimulating and anaesthetic physio- 
logical properties. 

Several attempts have been made to synthesise 
nitrous oxide from its elements. Matignon 
(Compt. rend. 1912, 164, 203) calculated from 
Nemst’s theorem (J. R. Partington, “ Chemical 
Thermodynamics,” Constable, 1940, p. 148) 
that the direct union of nitrogen and oxygen to 
nitrous oxide should be realisable only at 3,000° 
under 3,000 atm. pressure. Warburg and 
Leithauser (Sitzungsbier. Preuss. Akad. Wiss. 
Berlin, 1908, 148) report its formation, with 
ozone and N2O5, from air in a Siemens’ ozoniser, 
and with NOg in a spark discharge betwe^ 
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platinum electrodes, but not with a high tension 
alternating arc, which gives only NOg. Pictet 
(F.P. 415594, 1910) and Soderman (F.P. 411785, 
1910) claim that it is formed in the nitrogen- 
oxygen flame produced electrically, or by other 
means, under suitable conditions ; the chief 
product detected spectroscopically or otherwise 
in a definite part of the flame is said to be N gO, 
and by rapid and efficient cooling at this point 
a yield of 25% of NgO is claimed. Chapman, 
Goodman, and Shepherd (J.C.S. 1926, 1404) 
showed that small amounts of nitrous oxide can 
be formed by passing an electric discharge 
through nitrogen at low pressure contained in a 
tube of fused silica, into the walls of which 
oxygen had previously been driven by passing 
an electric discharge through that gas contained 
in the tube at low pressure. No combination 
between oxygen and nitrogen occurs under the 
influence of ultra-violet light (Berthelot and 
Gaudechon, Compt. rend. 1910, 150, 1517). 

Nitrous oxide may be obtained in up to 90% 
yield by the oxidation of ammonia in special 
conditions on a catalyst of manganese dioxide 
or ferric oxide with bismuth oxide as promoter, 
with medium flow rates and a temperature of 
300° (I.G. Farbenind. A.-G., B.P. 325475, 1928 ; 
Nagel, Z. Elektrochem. 1930, 36, 754; Andrus- 
sow, Angew. Chem. 1935, 48, 693). 

Nitrous oxide is one product of the action of 
certain metals on nitric acid {ste p. 539a), 
especially zinc and dilute nitric acid or a mixture 
of equal volumes of nitric and sulphuric acids 
diluted with 8-10 vol. of water (Schiff, Annalen, 
1861, 118, 84) : 

4Zn+10HNO3=4Zn(NO3)2+6HaO+N2O; 

or the reduction of moist nitric oxide by sulphur 
dioxide or sulphites : 

2N0+S02+H20==HgS04+N20; 

or of nitric acid by stannous chloride : 

2HN08+4SnCL+8HCI 

=4SnCl4+5H20+N20. 

The last method (Gay-Lussac, Ann. Chim. Phys. 
1848, [iii], 28, 229) has been proposed (Campari, 
Ann. Chim. Farm. 1888, 8, 253 ; Chem. Zentr. 
1888, 1669) as a method of preparation: a 
mixture of 6 parts of stannous cMoride, 10 parts 
of hydrochloric acid (p 1’21), and 0-9 part of 
nitric acid (p 1*38) is heated to boiling. With 
other proportions explosion may result, and the 
method is not recommended. 

One of the best methods of preparing pure 
nitrous oxide in the laboratory is by mixing 
solutions of sodium nitrite and hydroxylamine 
hydrochloride, warming gently if necessary, 
the gas being passed through ferrous sulphate 
solution and dried with phosphoius pentoxide 
(Victor Meyer, Annalen, 1876, 175, 141 ; Part- 
ington and Shilling, Phil, Mag. 1923, [vi], 45, 
416; 1927, [vii], 8, 273) ; 

NH20H+HN02«Ng0+2H20. 

Hyponitrous acid is formed as an intermediate 
product (p. 633a). This gas is free from 
mtrogeh. Nitrous oxide is aJso formed by the 


reduction of nitrous acid with hydrazine 
(Francke, Ber. 1905, 38, 4102). 

The usual method of preparation of nitrous 
oxide, and the one used on the technical scale, is 
the decomposition of ammonium nitrate by 
heat: NH4N0g=N20+ 2 H 2 O. Careful at- 
tention to detail is necessary. On the small 
scale, the dry salt is slowly heated in a small 
retort. It melts,' and decomposition begins 
below 200°, which temperature must not be 
much exceeded, otherwise the decomposition 
becomes violent, the gas bect^mes impure, and 
a dangerous explosion may result (Veley, J.C.S. 
1883. 43, 370; Phil. Trans. 1889, 179, 257). 
Organic matter must be absent and the am- 
monium nitrate free from chloride, otherwise 
carbon dioxide and chlorine, respectively, are 
formed (Soubeiran, J. Pharm. Chim. 1827, 13, 
321). The gas is washed with water, ferrous 
sulphate solution (to remove NO), and sodium 
hydroxide solution (to remove clilorine and 
carbon dioxide). It may be collected over 
warm water. A mixture of 2 parts of am- 
monium nitrate and 3 parts of dry sand may be 
heated in a tube at 260-286° (Lidoff, J. Russ. 
Phys. Chem. Soc. 1903, 35, 69; J.C.S. 1903, 
84, 361) and the gas washed with a susjjension 
of ferrous sulphate in concentrated sidphuric 
acid. Heating a mixtuie of ammonium sul- 
phate (13-14 parts) and sodium nitrate (17 parts) 
or potassium nitrate (20 parts) at 240° is said 
to give a regular and quiet evolution of gas 
(Smith and Elmore, B.P. 9023, 1891 ; J.S.C.I. 
1892, 11, 633, 867 ; 1893, 12, 10). 

On the large scale not more than 16-18 kg. 
of ammonium nitrate are heated at a time in a 
30-1. cast-iron or aluminium retort; the gas is 
washed with water, ferrous sulphate solution, 
and sodium hydroxide solution, then dried and 
liquefied by compression. The liquid is sold 
in steel cylinders holding from 6 oz. to 50 lb., 
and 1 lb. of liquid gives 8-55 cu. ft. of gas at 
16°c. (Thilo, Chem.-Ztg. 1894, 18, 632 ; Basker- 
viUe and Stevenson J. Ind. Eng. Chem. 1911, 
3, 679 (bibliogr.) ; H. C. Greenwood, “ Industrial 
Gases,” Bailli5re, 1920, p. 286). The gas taken 
from such cylinders always contains nitrogen, 
and a typical analysis quoted by Baskerville 
and Stevenson {lx , ; c/. Saunders, J.C.S. 1922, 
121, 698) is : NgO 96-99, 015, COg 0-tr., 

NHj 0-006, Og tr., Ng 016-3-94%. In the 
writer’s experience the nitrogen content usually 
exceeds this, except in the gas from a nearly 
empty cylinder. For anaesthetic purposes the 
nitrous oxide must be free from chlorine and 
other oxides of nitrogen, and should contain at 
least 95% of NgO. The gas is easily liquefied 
and was first obtained in liquid form by Faraday 
(Phil. Trans. 1823, 30, 189). 

Since nitric oxide is one of the major pro- 
ducts of the modem nitrogen industry (p. 5576), 
a possible large-scale method of preparation of 
nitrous oxide is by a method first described by 
Davy {lx,) and Pelouze (Ann. Chim. Phys. 1835, 
[ii], 60, 161 ; Luxmoore, J.C.S. 1896. 67, 1019), 
in which nitric oxide is absorbed in a solution 
of an alkali sulphite, when a nitrososulphate is 
formed, and the solution is acidified, when pure 
nitrous oxide is evolved : 

2NO+ KgSOg- KjS03(N 0 ) 2 - K2S04-f N gO . 
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A similar reaction occurs with an alkaline solu- 
tion of hyposulphite (dithioiiito) : 

NaaS 204 -f- 2 Na 0 H + 6N0 

-Na2S03(N0)2+ Na2S04+ N2O+ HgO 

(Gehlen. Ber. 1931, 64 [B], 1267 ; 1935, 65 [B], 
1130). 

Properties . — ^Nitrous oxide is a colourless gas 
with a faint pleasant sweetish odour and taste, 
heavier than air (p 1*63, air=l). It is respirable 
and produces aneesthesia, preceded in some cases 
when the gas is mixed with air or oxygen by 
pleasurable symptoms and laughter (hence its 
common name “ laughing gas ”). It is used as 
a minor ansesthotic for dental purposes and a 
si>ecial apparatus is used for its administration. 
Prolonged inhalation causes death. 

The molecular structure of nitrous oxide is 
represented by N tz N = 0, corresponding with 
the electronic formula :N::N::0:; the old 
cyclic formula 


II /p 


and the formula N O ll N, are both incor- 
rect (Wierl, Ann. Physik, 1931, 8, 621 ; Scho- 
maker and Spu^r, J. Amer. Chem. Soc. 1942, 
64, 1184; cf. Hunter and Partington, J.C.S. 
1933, 309). The normal density is 1-98042 
±0*00005 g. per 1. (Batuecas, J. Chim. phys. 
1931, 28, 572) or 1*98034 (Moles, Anal. ¥U, 
Qufm. 1932, 30, 460). It is more compressible 
at moderate pressures than an ideal gas, the pv 
values decreasing with increase of pressure 
(Britton, Trans. Faraday Soc. 1929, 25, 620). 
The coefficient of expansion is 0*003729 (Coppock 
and Whytlaw-Gray, Proc. Roy. Soc. 1934, 143, 
487). The viscosity (Trautz and Kurz, Ann. 
Physik, 1931, [v], 9, 981) is : 

Po 20-9 126-9 226-9 276-9 

rjxlQT. . . . 1,488 1,943 2,355 2,555 

and Sutherland’s constant (7=286 (Shilling, 
Phil. Mag. 1927, [vii], 3, 295). The dielectric 
constant of the gas at S.T.P. is 1*001129 (Roh- 
man, Ann. Physik, 1911, 34, 979) and at 
100° 1*0008024 (CzerUnsky, Z. Physik, 1934, 
88, 615) and the dipole moment 0*15 d. (Czer- 
linsky, l.c.). The specific magnetic susceptibility 
of the gas at 14° is 0*43x 10~® and those 
of the liquid and solid are practically the same 
as this (Son4, Sci. Rep. Tohoku, 1922, 11, 139). 
The moment of inertia of the molecule is 66 x 10“*® 
g.-cm.‘^ (Plyler and Barker, Physical Rev. 1931, 
[ii], 88, 1827) and the distance between the 
nuclei of the end atoms 2*38 a. (Maxwell, 
Mosley, and Doming, J. Chem. Physics, 1934, 
2, 331 ; electron diffraction). The refractive 
index of the gas for A=646 m/x. is 1*000610 
(Outhbertson and Cuthbertson, Phil. Trans. 
1914, 213, 23) and for 689 m/a. it is 1*0006122 
(Jones and Partington, Phil. Mag. 1915, [vi], 
28). The refiraotive index of the liquid at 


-“90° is relatively small (Liveing and Dewar, 
ibid. 1892, [v], 34, 205) ; 

Anm.. . . : . 670-6 689-6 451-0 

n 1-8257 1-3305 1-3308 

The thermal conductivity of the gas at 0° is 
A;=3-64x 10“^ g.-cal. per cm. per sec. per degree 
(Dickins, Proc. Roy. Soc. 1934, 143, 617) or 
3-8 X 10“^ (Ibbs and Hurst, ibid. 1929, 123, 134) ; 
the temperature coefficient is {ki—k^lh^t=(}‘{)i)il 
(Dickins, l.c.). 

The specific heats of the gas are (Shilling, 
Phil Mag. 1927, [vii], 3, 297) in g.-cal. per g.- 
mol. : 

(7^=8-659+0-00677i-0-0000022«2 

(7t,=6-629+0*00694^-000000241^2 

and the ratio of specific heats 1*3046 at 14-6° and 
1*2763 at 100° (Partington and Shilling, ibid. 
1923, [vij, 45, 416; cf. Blue and Giauque, J. 
Amer. Chem. Soc. 1935, 57, 991 ; J. R. Parting- 
ton, “ Chemical Thermodynamics,” Constable, 
1940, p. 207). The entropy per g.-mol. at 25°c. 
and 1 atm. is 56-95 units (Blue and Giauque, 
l.c.) and the 1*14 units discrepancy between the 
thermodynamic and spectroscopic values is 
probably due to disordered lattice orientation 
at very low temperatures. 

The critical constants are ^^.=36*50°, ^(.=71-66 
atm. (Cardoso and Ami, J. Chim. phys. 1912, 
10, 504) and the critical density 0*459 g. per ml. 
(Quinn and Wemimont, J. Amer. Chem. Soc. 
1929, 51, 2002). The density of the liquid at 
the b.p. is 1*2257 (Gnmmach, Ann. Physik, 
1904, 15, 401 ; Sitzungsber. Preuss. Akad. Wiss. 
Berlin, 1904, 1198). The boiling-point is -88*7° 
(Burrell and Robertson, J. Amer. Chem. Soc. 
1915, 37, 2691) or -88-51° (Blue and Giauque, 
l.c.). 

The vapour pressures of the liquid are (Villard, 
Ann. Chim. Phys. 1897, [vii], 10, 387 ; Kuenen, 
Phil. Mag. 1896, [v], 40, 173) : 

To. . . 0 5 8 12 16 20 25-4 31-5 
??atm. .30-75 34-8 37-4 41-2 45-3 49-4 57-45 65-4 

Blue and Giauque {l.c.) find log pcm=— 893 -56/T 
+ 6-72158 (T=absolute temperature). The latent 
heat of evaporation at the boiling-point is 3,958 
g.-cal. per g.-mol., or corrected to ideal gas state 
of the vapour, 3,972 g.-cal. per g.-mol. (Blue and 
Giauque, l.c.). Mathias (Ann. Chim. Phys. 1890, 
[vi], 21, 131) found 

rc. . . 0 5 ]() 15 20 

te . . 58-2 54-6 50-7 46*1 40-8 g.-cal. per g. 

which are expressed by 1^^=131*76(36*4— ^) 
—0*928(36*4—0“. The surface tension of the 
liquid at the boiling-point is y=26*323 dynes 
per cm., which indicates that the liquid is 
associated (Grlmmaoh, Ann, Physik, 1904, 
15, 401 ; Sitzungsber. Preuss. Akad. Wiss. 
Berlin, 1904, 1198). The surface tensions 

between —60° and 30° are reproduced with an 
average deviation of 2*6% by van der Waals’s 
equation y=72*8(l—T/31 1*8)1’®® and the posi- 
tion in the Hildebrand internal pressure series 
indicates that liquid nitrous oxide should be a 
slightly better solvent than liquid carbon di- 
oxide (Quinn and Wemimont, J. Amer. Chem. 
Soo. 1930, 52, 2723). The specific heats of solid 
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nitrous oxide are (Cliisius, Hiller, and Vaughen, 
Z. physikal. Chem. 1930, B, 8, 427) : 

T^K. . 15 17 22-62 47-22 73-54 

Cp. . 0-692 1-997 6 165 8 55 g.-cal.perg.-mol. 

T°K. . 114-65 178-5 183-7 

Cp . . 10'57 13*01 *18-5] g-cal. per. g.-mol. 

* Liquid ; other values tor soiid, cf. Blue and 
Giaiique, l.c. 

The Cp-temperatiiro curve is similar to that for 
carbon dioxide and agrees with a linear molecule. 

The densities of the liquid and saturated 
vapour are (Caillotet and Mathias, Compt. rend. 
1886, 102, 1202 ; Villard, ibid, 1894, 118, 1096) : 


c 

c. . 

0 

5 

]0 

17-5 


p 

llq. 

. 0-9105 

0-885 

0-856 

0-804 g. per 

ml. 

p 

vap. 

. 0-087 

0-090 

0-114 

0-146 


c 

e. . 

. 26-5 

32-0 

34-9 

36-3 


p 

liq. 

0-720 

0-640 

0-605 

0-572 g. per 

ml. 

p 

vap. 

. 0-207 

0-274 

0-305 

0-338 



The melting-point of nitrous oxide is —90*83® 
(Blue and Giauque, l.c.). The crystal is cubic 
(Rehnkcn, riiysical Rev. 1912, [ii], 35, 66) and 
in the lattice the distance N — O is 1*15 a. The 
vapour pressure of the solid from —90*6® to 
— 144*1° is given by log ^^^— — 1 ,232*2/7’ 
4-9*579 (Burrell and Robertson, J. Amer. 
Chem. 8oc. 1915, 87, 2691) or logpmm-- 1,286/7’ 
4-10*13061—0*00140387' (Blue and Giauque, 
lx. ; cf. Black, Van Rraagh, and Topley, Trans. 
Faraday Soc., 1930, 26, 196). The latent heat 
of sublimation is 5,632 g.-cal. per g.-mol. (Bur- j 
rell and Robertson, l.c.). ! 

The Ostwald {a') and Bunsen (a) solubility and \ 
absorption coefficients for water are (^Geffcken, 
Z. physikal. Chem. 1904, 49, 257 ; Hiuenen, 
Physical Rev. 1022, [ii], 19, 517; ^Schwab and i 
Berninger, Z. physikal. Chem. 1928, 138, 55) : j 

Cc. . 5 10 15 20 25 

a . . 1-0-I81 0-87781 0-73771 0-62941 0-.54431 

a' . . 1-0671 0-91011 0-77841 0-67561 0-59421 

CC. . 30 40 50 60 70 80 

a . . — 0-181-1 01 50-1 0-0873 0-059-1 0-05.53 

a' . . 0-5302 — 

Henry’s law is obeyed at 25° (Findlay and 
Creighton, J.C.S. 1910, 97, 549 ; Findlay and 
Howell, ibid. 1914, 105, 291). The absorption 
coefficients in alcohol (Carius, Annalon, 1855, 
94, 129) are : 

Cc.. . . 0 15 25 

a . . . 4-178 3-268 2-813 

Solubilities in colloidal solutions (Findlay and 
Howell, Z.C.), in many salt solutions (Geffcken, 
l.c. ; Manchot, Jahrstorfer, and Zepter, Z. 
anorg. Chem. 1924, 141, 45) and organic solvents 
(Cauquil, J. Chim. phys. 1927, 24, 53 ; Horiuti, 
Sci. Pap. Inst. T6ky6, 1931, 17, 125 ; Kimerth, 
Physical Rev. 1922, 19, 512) are available. 
At low temperatures a crystalline hydrate 
N,0,6Ha0 is formed (Villard, Ann. Chim. 
Phys. 1897, [vii], 11, 289). The aqueous solu- 
tion of the gas is neutral, and h 3 q)onitrou 8 acid 
(of which it is formally the anhydride) is not 
present. There is no satisfactory absorbent for 
nitrous oxide ; absolute alcohol has been used, 
but the gas is best determined by explosion 
with hydrogen. 


Nitrous oxide is an endothermic compound, 
the heats of formation being 20,030 g.-cal., 

and — 19,740 g.-cal., and it is decomposed 
practically completely when exploded with 
detonating gas ( 2 H 2 +O 2 ). It is much more 
easily decomposed by heat than nitric oxide ; 
at 500° about 1*5% is decomposed and at 900° 
decomposition is practically complete (Borthelot, 
Compt. rend. 1873, 77, 1448). The pure gas 
rekindles a glowing chip and supports the com- 
bustion of carbon, sulphur, phosphorus, and 
iron wire when these* are burning sufficiently 
vigorously?' to start the decomposition of the gas. 
Hunter (Z. physikal. Chem. 1905, 53, 441) 
found the decomposition to be bimolecular : 
2 N 2 O— 2 N 2 +O 2 , but later experimenters find 
the reaction in various circumstances to be 
mainly pseudo unimolecular and complex (Hin- 
shelwood, Proc. Roy. Soc. 1924, 106, 292 ; 
Volmcr and Kumnierow, Z. jffiysikal. Chem. 
1930, B, 9, 141 ; Vohnor and Bogdan, ibid. 1933, 
B, 21, 257 ; Melville, Proc. Roy. Soc. 1933, 142, 
524 ; J.C.S. 1934, 797 ; Hunter, Proc. Roy. Soc. 
193-i, 144, 386). Appreciable amounts of NO 
(iq) to 25% of that required by the equation 
2 N 20 = 2 N 0 -fN 2 ) are formed by the dissocia- 
tion of NgO at 1,300°. At 700° the decomposi- 
tion is slower and chiefly according to the 
equation 2N20~2N2“f02 (Briner, Meiner, and 
Rothen, Helv. Cliim. Acta, 1926, 9, 409; who 
connect the results with the heats of reaction). 
Unlike NO, nitrous oxide is not decomposed by 
compression (B iner and Wroezynski, Compt. 
rend. 1910, 150, 1324). When mixed with 
oxygen and exposed to ultra-violet light it 
forms nitrogen and higher oxides (Bertholot 
and Gaudechon, ibid. 1910, 150, 1571 ; Mac- 
donald, J.C.S. 1928, 1). It is readily reduced 
to nitrogen when mixed with excess of hydrogen 
and passed through a red-hot tube or over 
heated platinum or palladium or reduced nickel, 
no ammonia being formed, and it oxidises a 
number of heated metals or lower oxides 
(Sabatier and Seriderens, Cbmpt. rend. 1902, 
135, 278). Potassium and sodium burn to 
oxides when gently heated in the gas (Gay- 
Lussac and Thcnard, “ Rccherches physico- 
chimiques,” 1811, 1, 161), but at high tempera- 
tures form nitrates. Nitrous oxide is analysed 
by explosion with hydrogen (Hempel and Hey- 
mann, Z. Elektrochem. 1906, 12, 600). Hydro- 
gen burns in nitrous oxide with an enlarged 
flame and its ignition temperature is lower than 
in oxygen (Dixon and Higgins, Manch. Mem. 
1926-27, 71, 15). The velocity of the explosion 
wave in H 2 +N 2 O *^* various 

initial pressures (Dixon, Phil. Trans. 1893, 184, 
97) is: 500 mm., 2,094; 760 mm., 2,307 ; 1,000 
mm., 2,302. The velocity is higher in mixtures 
richer in hydrogen. The velocity of detonation 
in the COq-NgO mixture is 1,106*5 m. per sec. 
(Berthelot and VieiUe, Ann. Chim. Phys. 1883, 
[v], 28, 289). Mixtures of NgO and carbon 
disulphide vapour explode with a blue actinic 
flame, the maximum light emission being for 
the ratio CSg:N 20 = 1:3*5 (Van Liempt and de 
Vriend, Rec. trav. chim. 1933, 52, 862). -Mix- 
tures of NgO and N Hg are explosive (Dixon, i.c.). 

Nitric Oxide, NO, was the first oxide 
of nitrogen investigated by Priestley (1772) 



618 


NITROGEN. 


(** ExperimentB and Observations on Air,” 
1774, Vol. I, p. 108; Meldrum, J.C.S. 1933, 
902). It is formed by direct union of oxygen 
and nitrogen by several methods. It is pro- 
duced, together with ozone (the production of 
which it inhibits), by the action of the silent 
electric discharge (Manchot, Ber. 1908, 41, 471), 
when air is passed slowly over a glowing Nemst 
filament (Fischer and Marx, ibid, 1906, 39, 
3631), in the electric arc and spark discharges 
in air, in various flames (of hydrogen, carbon 
monoxide, ethylene, etc.), and a,t white-hot 
solid surfaces (Haber and Coates, Z. physikal. 
Chem. 1909, 69, 337). Nitric oxide results from 
a cold direct-current discharge from an oxide 
cathode in a mixture of nitrogen and oxygen at 
6 mm. pressure, the velocity of formation being 
constant for nitrogen contents from 20 to 80% 
and zero outside these limits (Schwab and Loeb, 
ibid. 1924, 114, 23). 

In the combustion of hydrogen in air at 
ordinary pressures practically no nitric oxide is 
formed, but at 20 atm. pressure 0*3 mol. of NO 
is formed for 100 rnol. of water. With an equi- 
molecular mixture of nitrogen and oxygen the 
yield is still small at low pressures but is at least 
3 mol. of NO per 100 mol. of water at 15 atm. 
pressure, there being little increase in the yield 
up to 50 atm. pressure (Wolokitin, Z. Elektro- 
chem. 1910, 16, 814). Nitric oxide is formed 
in appreciable amount in the combustion of 
hydrogen in oxygen containing a little nitrogen 
(Kolbe, Annalen, 1861, 119, 176). 

A high temperature favours a rapid rate of 
formation and a high yield of nitric oxide from 
nitrogen and oxygen, but also favours its dis- 
sociation, BO that rapid cooling is necessary 
(Nemst, Z. anorg. Chem. 1906, 49, 212 ; Haber, 
et al., Z. Elekirochem. 1910, 16, 810; Fischer 
and Hene, Ber. 1912, 45, 3652 ; 1913, 46, 603 ; 
Koenig, ibid. 1913, 46, 132; v. Nitrogen, 
Atmospheric, Utilisation of, p. 544a). 

Nitric oxide is formed in small amount by 
sparking a mixture of nitrogen and steam, or 
passing it through an iridium tube at 2,000° 
(Tower, ibid. 1906, 38, 2945) : 

N2-b2Hj0^2N0-f2H2. 

Nitric oxide is produced by the action of a 
variety of reducing agents on higher oxides of 
nitrogen, and on nitrous and nitric acids : 

1. The action of nitric acid of p 1’2 (equal 
volumes of concentrated acid and water) in the 
cold on copper, conveniently in the form of 
turnings (MiUon, Ann. Chim. Phys. 1842, [iii], 
6,73,96; 1843, [iii], 7, 320 ; Stansbie, J.S.C.I. 
1913, 82, 311) : 

3Cu+8HN08«3Cu(N03),+4H20+2N0. 

The successive addition of small amounts of 
concentrated nitric acid to copper turnings 
covered with water has also been recommended. 
The gas so prepared, especially in the later 
stages of the reaction, contains nitrous oxide 
(Carius, Annalen, 1855, 94, 138). It may be 
purified by dissolving in cold ferrous sulphate 
solution and expelling again by warming 
(Carius, l.c. ; Ojjpenheimer, Ber. 1903, 86, 1744). 
Kaemmerer (ibid. 1886, 18, 8064) dropped con- 
centrated stdphuric acid on copper foil in 


saturated sodium nitrate solution, Rennie, 
Higgin, and Cooke (J.C.S. 1908, 98, 1162) find 
that Cu(N 03)2 strongly accelerates the re- 
action between Cu and HNO3; NaNOg 
accelerates it, and RbNOg and CsNOg may 
either accelerate or retard it (ibid. 191 1, 99, 1035). 

2. Heating a solution of an alkali nitrate and 
ferrous chloride in hydrochloric acid (Pelouze, 
quoted by Gay-Lussac, Ann. Chim. Phys. 1848, 
[iii], 23, 216) : 

BFeCIg-f 2NaN03-f8HCl 

=6FeCl3+2NaCI+4H20-}-2N0 ; 

or heating a solution of nitric acid or an alkali 
nitrate, ferrous sulphate, and dilute sulphuric 
acid : 

6FeS04-f2HN03+3H2S04 

=3Fe2(S04)3-f2N0-f4H20. 

This product is much purer than that obtained 
by process (1). 

3. The action of ferric chloride solution on 
sodium nitrite : 

FeCl3-f3NaN02-Fe(N02)34-3NaCI 

2Fe(N02)3+3Hj0 

=2Fe(0H)3+3N02+3N0. 

If the sodium nitrite is placed under carbon di- 
sulphide and a suspension of ferric chloride in 
carbon disulphide added, the NOg remains in 
solution and nitric oxide is evolved (Matuschek, 
Chem.-Ztg. 1905, 29, 31). 

4. Dropping a solution of sodium nitrite and 
potassium ferrocyanido into dilute acetic acid 
gives a very pure gaa (Deventer, Ber. 1893, 26, 
589) : 

Fe(CN)e'"^+N02'+2H- 

-Fe(CN)g'"+NO+HaO. 

6. Dropping 50% sulphuric acid into a con- 
centrated solution of equimolecular amounts of 
potassium iodide and sodium nitrite gives very 
pure nitric oxide (Winkler, ibid. 1901, 34, 1412 ; 
Johnston and Giauque, J. Amer. Chem. Soc. 
1929, 51, 3194) : 

2N02'+2l'-f-4H -2N0-f- I2+2H2O. 

6. The action of ferrous chloride and hydro- 
chloric acid on sodium nitrite (Thiele, Annalen, 
1889, 253, 246) ; 

NaN02+FeCl2+2HCI 

-FeClg-f NaCl-fHaO+NO. 

7. Passing sulphur dioxide into warm nitric 
acid of p 1*15 (Weber, Ann. Phjrs. Chem. 1867, 
130, 277) : 

3802+2HN0g-f2H20-3HaS04-b2N0. 

8. Agitating mercury with a solution of nitric 
acid or a nitrate in concentrated sulphuric acid 
(Crum, Annalen, 1847, 62, 233 ; Emich, Monatsh. 
1892, 13, 73) ; 

2HN08-f-6Hg-f3H2S04 

«3Hga804+4Hj0-f2N0. 

This reaction occurs in Lunge’s nitrometer (Ber. 
1878, 11, 434). 
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9. Dropping concentrated sulphuric acid on 
sodium' nitrite covered with water (Noyes, 
J. Amer. Chem. Soc. 1926, 47, 2170) : 

3NaN0a+3H2S04 

-3NaHS04+HN08+H20+2N0. 

10. Electrolysis of a mixture of nitric and 
nitrous acids (Moister, Lucius, and Briining, 
G.P. 244362, 1912) at the ordinary temperature. 

The gas is purified by absorption in cold 
ferrous sulphate solution and expelling it again 
by gentle heating, when the first portion (only) 
of the gas is pure {see Carius, under (1) above), 
80 that this process should not be used with pure 
gas prepared by method (4), (6), or (8). 

Moser (Z. anal. Chem. 1911, 50, 401) considers 
that methods (6) and (8) are the beat, but (4) is 
very convenient and gives a pure gas (Partington 
and Shilling, Phil. Mag., 1923, [vi], 45, 416). 

Properties. — Nitric oxide is a colourless gas, 
sparingly soluble in water and (unlike nitrous 
oxide) liquefied only with difficulty. Its struc- 
ture is uncertain, since the molecule contains an 
odd electron (as is shown by the paramagnetism 
of the gas), but it is probably best represented as 

a resonance hybrid between the forms :N::0: 

and :N::0: which may be symbolised as a mole- 
cule with a three-electron bond (Paubng, J. 

Amer. Chem. Soc. 1931, 58, 3225) :N :: O:, which 
stabilises the molecule so that it does not as- 
sociate to N 2 O 2 , except perhaps in the b’quid 
state or when adsorbed on surfaces. This formula 
is in agreement with the small dipole moment of 
the gas, which indicates that the molecule has a 
high degree of symmetry. 

The normal density is 1-3402 g. per 1. (Gray, 
J.C.S. 1905, 87, 1601 ; Guye and Davila, Compt. 
rend. 1905, 141, 826). The gas shows only a 
small divergence from Boyle’s law at lower pres- 
sures (Jaquerod and Scheuer, ibid. 1905, 140, 
1384). The coefficient of expansion (mean 
between —136° and 0°) is 0-0037074 (Adwen- 
towski. Bull. Acad. Sci. Cracow, 1909, 742). 
The viscosity is (Trautz and Gabriel, Ann. 
Physik, 1931, 11, 606) : 

ro. ... 20 50 100 160 200 260 
7^x107 . .1,882 2,0.S2 2,272 2,492 2,704 2,885 

and the Sutherland constant (7=167 (Vogel, 
ibid. 1914, 43, 1235). The dielectric constant 
is 1*00593 at 26° and the dipole moment 0-16 D. 
(Watson, Rao, and Ramaswamy, Proc. Roy. 
Soo. 1933-34, 148, 558). The gas is param^- 
netic, the specific magnetic susceptibility being 
X=‘48-8xl0”® at 20° (Send, Sci. Rep. Tdhoku, 
1922, 11, 139). The moment of inertia is not 
accurately Icnown, the values given varying 
between 2*2x10“^^ and 24-8x10“*® g.-cm.*; 
Snow, Rawlins, and Rideal (Proc. Roy. Soc. 
1929, 124, 463) found 16-4x 10“*® g.-cm.^ 

The refractive index of the gas is 1-0(X)297 for 
sodium light (MaseJart, Compt. rend. 1874, 78, 
617), 1-0(K)2939 for A=689 mp. (Cuthbertson and 
Metcalfe, Proc. Roy. Soc. 1908, 80, 406; c/. 
Jones and Partington, PhiL Mag. 1916, 29, 28). 
The thermal condMCtivii/y at 55° is l;»546x 10“^ 
g.«cal. per cm. per sec. per degree (Todd, Proc. 
Roy. Soo. 1910, 88, 19). 


The specific heat of the gas is Cp^7-26 at —66° 
and 7-26 at 16° (in g.-cal. per g.-mol.) (Heuse, 
Ann. Physik, 1919, 59, 86 ) and the ratio of 
specific heats Cp/Cp==h400 at 7 6°, giving (7y=4-99 
and Cp=6 99 g.-cal. per g.-mol. (Partington and 
Shilling, Phil. Mag. 1923, [v ], 45, 416; theoretical 
values in Johnston and Chapman, J. Amer. 
Chem. Soc. 1933, 55, 163; and Witmer, ibid. 
1934, 56, 2229). The entropy and free energy are 
calculated by Witmer {l.c. ; cf. Johnston and 
Chapman, l.c.). 

The critical constants are <,.= —93-6° and 
p^=71.2 atm, and the critical density 0-620 g. 
per ml. (Olszewski, Compt. rend. 1885, 100, 
940). The density of the liquid at the boiling- 
point is unusually high, 1-269 (Adwentowski, 
BuU. Acad. Sci. Ciracow, 1909, 742; cf. Chees- 
man, below) and, with the vapour-pressure 
curve, is thought to indicate association to 
NgOg. The boiling-point is —153-6° (Olszewski, 
l.c.) or 121-36° K. (Johnston and Giauque, J. 
Amer. Chem. Soc. 1929, 51, 3194; no value for 
the absolute temperature of 0°c. is given) ; 
the liquid is blue. The vapour pressures of the 
liquid arc given by log pcm.= “776/T-0-002364T 
-f 8-562128 (Johnston and Giauque, l.c.). The 
latent heat of evaporation at the boiling-point is 
3,292 6 g.-cal. per g.-mol. (Johnston and 
Giauque, l.c.) and the surface tensions, y, and 
densities of the liquid (Cheesman, J.C.S. 1932, 
889): 

rc -163 -156 -153-6 

y dynes per cm. . . 27-79 24-12 22-11 

Density, p. per ml. . 1-332 1-277 1-227 

The melting-point is —167*0° (Olszewski, l.c.) or 
the triple point 109-49° k. (Johnston and 
Giauque, l.c .) ; the solid is blue. The vapour 
pressure of the solid at the melting-point is 138 
mm. (Olszewski, l.c.) or is given by the equation 
log p,.^n=““867/T-f-0-00076TH-9 06126 (Johnston 
and Giauque, l.c.). The density of the solid at 
20*4° K. is 1*67 (Heuse, Z. physikal. Chem. 1930, 
147, 226) and at 0° K. is calculated as 1*68 
(London, ibid. 1930, B, 11, 222). The latent heat 
of sublimation is 3,863 g.-cal. per g.-mol. (Gold- 
schmidt, Z. Physik, 1923, 20, 159). The 
specific heats of the liquid and solid have been 
determined down to 16-6° K. (Johnston and 
Giauque, l.c.). 

The Jieat of formaXian of NO (which is en- 
dothermic) at room temperature is —21,676 g.- 
cal. (J. Thomsen, “ Thermochemische TJnter- 
suebungen,” Leipzig, 1882, Vol. II, p. 198) 
or —21,600 g.-cal. per g.-mol. (Berthelot, 
Compt. rend. 1880, 90, 782). 

The Bunsen absorption coefficient^ a, in water 
(Winkler, Ber. 1901, 34, 1408; Z. physikal. 
Chem. 1892,9, 171) is; . 


®c. 

a 

'"0. 

a 

0 

0-07381 

40 

0-03507 

5 

0-06461 

50 

0-03162 

10 

005709 

60 

0-02954 

16 

0-05147 

70 

0-02810 

20 

0-04706 

80 

0*02700 

25 

0-04323 

90 

0-02648 

30 

0-04004 

100 

0-02628 


The gas is more soluble (0*316 at 0°, 0*286 at 
10 °^ 0*2669 at 20°) in alcohol than in water 
(Carius, Annalen, 1886, 94, 138). It is only 
sparingly soluble in concentrated sulphuric acid 
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(Lunge, Ber, 1886, 18, 1391 ; Tower, Z. anorg. 
Chem, 1906, 50, 382). 

Nitric oxide is the most stable oxide of nitro- 
gen. At 700° only 0-6% is dissociated into nitro- 
gen and oxygen, and at 1 ,000° only 3-4%. The 
kinetics of the change 2N0 = N24-02 (Muth- 
mann and Hofer, Ber. 1903, 86, 438 ; Nernst, 
Z. anorg. Chem. 1906, 49, 213 ; Jellinek, ibid. 
1906, 49, 229; Brode, Z. Elektrochem. 1906, 
41, 752; Briner and Boubnoff, Compt. rend. 
1913, IW, 228; v. Nitrogen, Atmospheric, 
Utilisation of, p. 55Sd) have been studied at 
various pressures (up to 700 atm.) and tem})era- 
tures (—90° upwards). A secondary reaction 
is 4N0 = 2N20+02, and NOg is formed at 
lower temperatures by the action of the oxygen 
formed in the decomposition on the unchanged 
NO (Guye and Schneider, Hclv. Chim. Acta, 
1918, 1, 33). 

At ordinary temperature nitric oxide com- 
bines with oxygen to form a red gas, nitrogen 
peroxide, NOj and NgO^, by a tcrmolccular 
reaction: 2N0-+-02=2N02; according to 
Emich (Monatsh. 1892, 13, 86), Chapman 
(J.C.S. 1937, 1991), and Stoddart (ibid. 1939, 6) 
even if the gases are dried with j)hosphoru8 
pentoxide, whilst Baker (J.C.S. 1894, 65, 611; 
1929, 1661) states that the very dry gases do not 
react. According to Raschig (Z. angew. Chem. 
1904, 17, 1398, 1777) and Sanfourche (Compt. 
rend. 1919, 168, 307, 401) the first very rapid 
stage of the reaction, independent of temperature 
between —50° and 625°, is 4N0-f-02“2N20g, 
which is followed by a slower reversible reaction : 
2N203-f02 ^ 4NO2* Raschig (Raschig and 
Pralil, Z. angew. Chem. 1929, 42, 253) afterwards 
abandoned this hypothesis (which still appears 
in the technical literature) and it is now generally 
recognised that the oxidation proceeds directly 
to NO2 by a termolecular reaction, the first 
half of the reaction being much faster than the 
second, which produces an illusion of an oxida- 
tion in stages (Bodenstein, Z. Elektrochem. 1918, 
24, 183; Z. angew. Chem. 1918, 81, i, 145; cf. 
Todd, Phil. Mag. 1918, 35, 281, 435; Briner 
and FridOri, Helv. Chim. Acta, 1918, 1, 181 ; 
Trautz, Z. Elektrochem. 1919, 25, 4 ; Wourtzel, 
Compt. rend. 1920, 170, 109, 229; Briner and 
Malet, J. (2Jh’m. phys. 1923, 20, 173; Briner, 
Pfeiffer, and Malet, ibid. 1924, 21, 25, 45, with 
bibliography; Hasche, J. Amer. Chem, Soc. 
1926, 48, 2263; Komfeld and Klingler, Z. 
physikal. Chem. 1929, 4B, 37 ; Berthoud, 
J. Chim. phj^s. 1933, 80, 337 ; Smith, J. Amer, 
Chem. Soc. 1943, 65, 74). According to 
Wourtzel (Z.c.) the velocity of oxidation is given 
by 

~''^Pnolit=lcpsoPOi 

where t is in seconds and p is in mm. Hg. and 
the velocity coefficient at different temperatures 
is : 

t^C. ... 0 26-2 86-6 100 160 

KH* . . . 10-63 8-78 5-69 4-8 8-86 

The negative temperature coefficient of k has 
been es^lained by supposing that nitric oxide 
reaots in the form (NO)®, the equilibrium 
(NO)2j?:2i 2NO being dispmeed to the right 
with rise of temperature. The oxidation re- 


action is catalysed by silica gel (Hasche and 
Patrick, J. Amer. Chem. Soc. 1925, 47, 1207; 
Saposhnikov, Okatov, and Susarov, J. Russ. 
Phys. Chem. Soc. 1929, 61, 1363; Szego and 
Guacci, Gazzetta, 1931, 61, 333; Verhoek and 
Daniels, J. Amer. Chem. Soc. 1931, 58, 1250, 
for the reacti n NO-f NOg^NgOg). 

Under high pressure in sealed tubes NO gas 
and liquid decompose, the change being first 
apparent at about 28 atin. and rapid at 700 atm., 
and drops of blue liquid NgOg separate: 
6NO=2N203d’ ^2* hydrogen chloride is 
present nitrosyl chloride is formed : 

N203+2HCI=2N0C1+H20 

(Briner and Wroezynski, Compt. rend. 1909, 
149, 1372 ; Briner, Biedermann, and Rothen, 
Holv. Chim. Acta, 1925, 8, 923; Briner, ibid. 
1942, 25, 1515). 

The same change occurs in presence of water 
or alkali (when nitrite is formed from the NgOg), 
so that the gas (;annot bo kept in a pure state 
over water (Gay-Lussac, Ann. Chim. Phys. 
1816, [ii], 1, 394; Russell and Lapraik, J.C.S. 
1877, 32, 35; Cooke, Chem. News, 1888, 58, 
103, 155) although the dry or moist gas can be 
kept over mercury for any length of time 
(Emich, Monatsh. 1892, 13, 90; Zimmermann, 
ibid. 1905, 26, 1277 ; Moser, Z. anal. Chem. 
1911, 50, 401 ; Barnes, J.S.C.I. 1926, 45, 259t; 
J.C.S. 1931, 2605). Nitric oxide is decomposed 
by finely divided nickel suspended in hot water 
wdth the production of nitrogen and nickel oxide 
(Felgate, Chem. News, 1913, 108, 178), and some 
metals reduced in hydrogen are readily oxidised 
at a comparatively low temperature with for- 
mation of nitrogen. 

According to SchOnbein (whose statements are 
frequently inaccurate) nitric oxide is oxidised to 
nitrous and nitric acids by hydrogen peroxide, 
to nitrite by suspensions of PbOg, PbgO^, 
MnOg, and AggO in water, to nitrate by 
potassium permanganate, and to nitric acid by 
I iodine. Chlorine dioxide gives NOg, and hypo- 
chlorous acid forms nitric acid (Balard). In the 
dry state nitric oxide acts on many oxidising 
agents, forming nitrite and nitrate (Auden and 
Fowler, Chem. News, 1896, 72, 163). When 
nitric oxide is bubbled through liquid oxygen, or 
when air acts on solid NO at —186°, or when an 
electric discharge is passed through liquid air, a 
green solid is formed which has been variously 
described as NgOg (Helbig, Atti R. Accad. 
Lincei, 1903, 12, 166), NOg (F. Raschig, Chem.- 
Ztg. 1911, 85, 1096; “ Schwefel- und Stick- 
stoffstudien,” Verlag Chemie, 1924, p. 20), and 
N3O4 (Hasche, J. Amor. Chem. Soc. 1925, 47, 
2143). At a slightly higher temperature it forms 
blue NgOg. 

Nitric oxide and hydrogen chloride at —180° 
form a solid having an intense purple colour and 
melting at about —160° to a purple liquid. 
The vapour pressure is near that of nitric oxide 
BO that the complex is v0ty unstable and is 
probably, in view of its colour, of the type 
[NOH]+CI“ (Rodebush and Yntema, ibid. 
1923, 45, 332). 

Nitric oxide and sulphur trioxide react at 60° 
to form a substance identical with that formed 
from NOg and sulphur diosfido at 200°. This 



NJTROGEl^. 


521 


was thought to be 2SOg,NO (Manchot, Konig, 
and Reimlinger, Ber. 1926, 59 [B], 2672), but it 
is identical with the nitrosylsulphuric an- 
hydride, 0(N0-0*S02)2, ornitrosyl disuJphate, 
(N 0)28207, correctly analysed by de la 
Provostaye in 1840 (Ann. Chim. Phys. 1840, [ii], 
73, 362 ; Pictet and Karl, Bull. Soc. chim. 1908, 
[iv], 3, 1114; Briner, Lunge, and Van der Wijk, 
Helv. Chim. Acta, 1928, 11, 1125; Manchot, 
Ber. 1929, 62 [B], 1261). 

Nitric oxide may be reduced in a variety of 
ways, giving nitrogen, ammonia, and (with 
hydrogen sulphide, alkali sulphides, sulphurous 
acid, and phosphine) nitrous oxide. Alkaline 
pyrogallol reduces it fairly rapidly to nitrous 
oxide, but about 20% is absorbed (Oppen- 
heimer, ihid. 1903, 36, 1744). Hydriodic acid 
forms ammonia, stannous chloride gives 
hydroxylamine and ammonia, and in alkaline 
solution also some hyponitrite. Chromous salts 
in neutral solution give deep-red solutions con- 
taining ammonia; in acid solutions hydroxyl- 
amine is formed, sometimes quantitatively 
(Chesneau, Compt. rend. 1899, 129, 100; Kohl- 
Bchiitter, Ber. 1904, 38, 3053). A mixture of 
nitric oxide and hydrogen when passed over 
heated platinum sponge is violently reduced to 
ammonia (Kuhlmann, Annalen, 1839, 29, 272), 
and when passed over heated nickel, ammonia 
and some nitrogen are formed (Sabatier and 
Senderens, Compt. rend. 1902, 135, 278 ; Neogi 
and Adhicary, Z. anorg. Chem. 1910, 69, 209; 
Guyo and {Schneider, Ilelv. Chim. Acta, 1918, 1, 
33): 

2N0+2H2=N2+2H20 

2N0-f5H2-2NH3+2H20. 

Reaction begins at 300° and is then very rapid, 
but it still proceeds at 120° when once begun. 
No NgO is formed. At 250-300°, 70% of the 
NO is converted into ammonia. When the gas 
mixture NO+SHg is passed over heated finely 
divided tin, reduced iron or zinc dust, an almost 
quantitative yield of ammonia is obtained 
(Adhicary, Chem. News, 1915, 112, 163). In the 
cold and in presence of water and platinum 
black, some ammonia and hydroxylamine are 
slowly formed from a mixture of nitric oxide and 
hydrogen (Butterworth and Partington, Trans. 
Faraday Soc. 1930, 26, 144). 

Fluorine gives NOjF {q.v.); chlorine and 
bromine form the hafides NOCI and NOBr 
{see “ Halides of Nitrous Acid,” p. 531a), but 
iodine does not react. 

Since nitric oxide is a stable gas — it does not 
decompose appreciably below 1,000° — ^it does 
not support combustion readily and extin- 1 
guishes a burning taper, burning sulphur, and 
feebly burning phosphorus. E. Mitscherlich 
(“ Lehrbuch der Chemie,” Mittler, Berlin, 1831, 
Vol. I, p. 347) and Bertholot (Ann. Chim. 
Phys. 1869, [iv], 18, 76) say glowing charcoal 
bums in the gas. Brightly burning phosphorus 
bums brilliantly, a little NOg being formed. 
Heated potassium, but not sodium, burns in 
the gas, liberating nitrogen (Gay-Lussao and 
Thenard, “ Recherches physico-chimiques,” 
1811, 1, 161). A mixture of nitric oxide and 
carbon disulphide vapour bums with a brilliant 
blue flame (BerzeUus, “ Lehrbuch der Chemie,*’ 


Dresden, 1825, Vol. I, Pt. ii, p. 485) ; in a 
long tube a detonation wave is set up (Dixon, 
Phil. Trans. 1903, 200, 315). Nitric oxide has 
an influence on the reactions in a methane- 
oxygen flame (Reis and Waldbauer, Z. physikal. 
Chem. 1913, 85, 62), and in sum 11 amounts it 
reacts in many cases with free radicals and 
breaks reaction chains in which they play a 
part (Stavciey and Hinshelwood, Proc. Roy. 
Soc. 1930, A, ^154, ‘335; J.C.S. 1936, 812, 818). 

Nitric; oxide and oxygen (or air) react rapidly 
in presence of concentrated sulphuric acid to 
form nitrososulphuric acid S02(0H)'0'N0, 
and no nitric acid is formed even if the oxygen 
is in excess (Lunge, Bor. 1 885, 18, 1 384) ; 
4N0-f02+4H2S04 

-4S02(0H) 0 NO+ 2 H 2 O. 

When rapidly mixed with air or oxygen over 
alkali solution almost pure nitrite is formed 
I (Gay-Lussac, Ann. Chim. Phys. 1816, [ii], 1, 
394) : 4Na0H=:4NaN02 f 2H2O. 

Nitric oxide rediujos nitric acid above a certain 
concentration to NgOg or NOg (Raposhnikov, 
J. Russ. Phys. Chem. Soc. 1901, 33, 506), and it 
is absorbed by phosphoric acid (Reinsch, J. pr. 
Chem. 1843, fi], 28, 385), arsenic acid, and some 
organic acids, and by many halides, such as 
those of boron, silicon, copper, bismuth, and 
iron, forming, for example, 2FeClg,NO (Besson, 
Compt. rend. 1889, 108, 1012; Thomas, Ann. 
Chim. Phys. 1898, [vii], 13, 145). 

Nitric oxide, as Priestley found, is absorbed 
by cold ferrous sulphate solution to form a 
black liquid, wliich apparently contains an 
unstable (ompeund [Fe(NO)lS04 wilh Ihe 
complex cation Fe(NO)’' (Manchot and 
Zechtenmayer, Annalen, 1906, 350, 368; 

Hiifiier, Z. physikal. Chem. 1907, 59, 416; 
Usher, ibid. 1908, 62, 622 ; Zimmermann, 
Monatsh. 1905, 26, 1277), and [Fe(N0)]HP04 
separates in blackish-brown crystals on adding 
alcohol to a ferrous salt solution containing 
ammonium j^bosphato which is saturated with 
nitric oxide (Manchot and Huttner, Annalen, 
1910, 372, 153; Manchot, Ber. 1914, 47, 1601, 
1614; Bellucci, Gazzetta, 1914, 44, ii, 384). 
Nitric oxide is also absorbed by solutions of 
copper, manganese, and ni(;kel salts (Hiifnor, 
l.c. ; Usher, l.c.). A compound of ferrous 
selenate and nitric oxide, [ Fe ( N O )]Se 04 , 4 H gO, 
separates in brownish- black unstable crystals, 
which lose NO in air, on passing nitric oxide 
to saturation into a concentrated solu- 
tion of ferrous selenate containing a little 
selenic acid, cooling and adding a large 
excess of absolute alcohol saturated with nitric 
oxide (Manchot and Linckh, Z. anorg. Chem. 
1924, 140, 37). Nitric oxide is absorbed by a 
solution of ferric sulphate in 90% sulphuric acid 
to form a deep red liquid apparently containing 
Fe2(S04)3,N0, which can be obtained in 
crystals mixed with ferric sulphate (Manchot, 
Annalen, 1910, 372, 179), and the violet solution 
formed by passing the gas into a solution of 
copper sidphate in concentrated sulphuric acid 
probably contains an unstable compound 
CuS 04 ,l^O (Manchot, ibid. 1911, 375, 308). 
These coloured compounds were regarded by 
Raschig (Z. angew. Chem. 1904, 17, 1398, 
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1777; 1906, 18, 1281, 1308; 1907, 20, 694; 
Ber. 1907, 40, 4582; J.S.C.L 1911, 80, 166) aa 
salts of an acid H 2 SNO 5 or 


O-N 


\ 


SO3H 

OH 


{e.g., FeSN 05 , which is the same empirical 
formula as Manchot’s [Fe(N 0 )]S 04 ) and by 
Sabatier (Compt. rend, 1896, 122, 1417, 1479, 
1537 ; 128, 265 ; cf. Lunge and Berl, Z, angew. 
Chem. 1906, 19, 807, 857, 881) as salts of an acid 
N 0 (S 03 H) 2 , but Manchot’s formulation, e.g.^ 
[Fe(N 0 )]S 04 , as nitroso- compounds, is usually 
preferred. The black colour formed with ferrous 
sulphate solution is the basis of the so-called 
“ brown -ring test ” for nitrates, described by 
Desbassins de Richemont in 1835 and by 
Wackenroder (Annalen, 1836, 18, 152, 157), both 
of whom mention that the colour is bright-red in 
concentrated sulphuric acid. 

Nitric oxide is slowly absorbed by potassium 
permanganate or dichromate solution (EUing- 
ham, J.C.S. 1932, 1665), but the best absorbent 
is a slightly alkaline solution of sodium sulphite, 
when a compound Na 2 S 03 (N 0)2 is formed. 
This probably has the structure 


2Na- 


%(NO),. 


(Weitz and Achterberg, Ber. 1936, 66 [B], 1718, 
1728). 

The complex Roussin's salts {v. Vol. VII, 60c) 
and the nitroprussides {v. Vol. Ill, 477a) are 
also nitroso -compoimds, and complex metallic 
ammines containing NO are also known. 

Dinitrogen Trioxide or Nitrous An- 
hydride, N 2 O 3 . — The formation of red fumes 
by the reduction of nitric acid by heat and by 
the action of metals was well known to the 
alchemists. Priestley observed their formation 
from nitric oxide and air. He called the product 
“ nitrous vapour ” and made a large number 
of excellent experiments with it, so that his 
“ Experiments and Observations on Air,” 
especially the revised edition (3 vol., 1790) 
may still be consulted with advantage {cf, 
Meldrum, J.C.S. 1933, 902). The existence of 
the oxides N 2 O 3 (‘‘ acide pemitreux ”) and NOg 
{“ acide nitreux ”) was first recognised by Gay- 
Lussac (Ann. Chim. Phys. 1816, [ii], 1, 394) 
and by Dulong {ibid. 1816, [ii], 2, 317) who 
showed that the final product of the combination 
of N O and oxygen, and of the action of heat on 
lead nitrate, is not N.Og (“ acide nitreux ” of 
Dulong) but NOj (‘* acide hypazotique ” of 
Dulong). F. Raschig (“ Schwefel- und Stick- 
stoffstudien,” Verlag Chemie, 1924, p. 20) for 
long supposed that NgOg, NOg, and NgO, are 
the initial products of the action of oxygen on 
nitric oxide, but he later abandoned these erro- 
neous views (Raschig and Prahl, Z. angew. Chem. 
1929, 42, 611). The researches of Bodenstein 
(Z. Elektrochem. 1918, 24, 183; Z. angew. 
Chem. 1918, 81, 145; Z. phyikal. Chem. 1922, 
100, 68 ; 1936, 176, 294) show quite clearly that 
the only product of the reaction at ordinary 
temperatures is NOg* The green substance 


supposed by Raschig to be N O 3 can be exactly 
imitated in colour by dipping a test-tube con- 
taining liquid air into liquid nitrogen trioxide 
and then into liquid nitrogen tetroxide, when 
superposed layers of blue and yellow are formed 
(Miiiler, Z. anorg. Chem. 1912, 76, 324; 1914, 
86 , 230). 

When NO and gaseous NOg are mixed there 
is no change in volume (Ramsay and Cundall, 
J.C.S. 1886, 47, 187, 672 ; 1890, 57, 690 ; Chem. 
News, 1894, 70, 187; Lunge and Porschnew, 
Z. anorg. Chem. 1894, 7, 209), hence it was 
argued that no combination occurred, and that 
NgOg is completely dissociated in the gaseous 
state. Dixon and Poterkin (J.C.S. 1899, 75, 
613; Wourtzel, Corapt. rend. 1920, 170, 109; 
Purcell and Cheesman, J.C.S. 1932, 826) showed, 
however, that if due allowance is made for the 
displacement of the equilibrium N 2 O 4 2 NO 2 
to the right when the volume is increased by 
mixing with NO, according to Gibbs’s formula 
(p. 525c), the results indicate that at 27® the gas 
contains about 3% by volume of NgOg in 
equilibrium with N 2 O 4 , NOg, and NO. 

When the red gas is cooled below 0° it con- 
denses to a deep blue liquid which probably 
consists mainly of NgOg molecules, but on 
evaporation this again dissociates almost com- 
pletely into NO, NOg, and N 2 O 4 . When the 
blue liquid is dried by prolonged exposure to 
phosphorus pentoxide it becomes green (Gaines, 
Chem. News, 1883, 48, 97) and the vapour 
density (H — 1 ) of the gas formed from this very 
dry liquid was 38T-62*2 (N20g=38) according 
to the period of drying (4-33 days), but the 
density did not increase regularly with the 
period of drying, the results for 4 and for 22 
days, for example, being the same. The mole- 
cular weights in solution in benzene (on which 
NgOg is without action) were, however, found 
to be 83-95 (NgOg— 76). The conclusion drawn 
from these experiments is that very dry nitrogen 
trioxide can exist in the gaseous state as 
N 4 O 3 {cf. P 40 g, As 40 g), but in presence of a 
trace of moisture this breaks up almost com- 
pletely into NO, NOg, and N 2 O 4 (H. B. and 
M. Baker, J.C.S. 1900, 77, 647 ; 1907, 91, 1862 ; 
B. M. Jones, ibid. 1914, 106, 2301). Other 
experimenters (D. L. and M. Chapman, ibid. 
1937, 1991) failed to confirm the higher vapour 
densities of dry nitrogen trioxide. Stoddart 
(J.C.S. 1946, 448) found that phosphorus 
pentoxide forms a compoimd P 205 (NO )2 in 
contact with liquid NgOg, and as tne latter then 
contains an excess of N 2 O 4 its green colour, 
and the higher vapour density, are due to the 
presence of this Ng 04 . 

In what follows the gaseous product of the 
preparations must be understood to be mainly 
a mixture of nitric oxide and nitrogen peroxide, 
containing perhaps 1 or 2% of NgO., but the 
blue liqu^ produced is probably maimy NgOg. 

Preparation. — 1 . By the reduction of nitric 
acid of suitable concentration by heating with 
arsenious oxide or starch : 

2 H N Ogd- ASgOg-f 2 H gO «2 H g ASO 4 + N gOg 

18HN03-f2CgHio05 

«6CjH,04-Ht8Hg0+9N,0g. 
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Acid of p 1-20 gives NO, acid of p 1*36 gives 
NjOg, and acid of p 1*60 gives practically only 
NOa (Lunge, Ber. 1878. 11. 1229, 1641 ; 1885, 
18 , 1376; Lunge and Porschnew, Z, anorg. 
Chem. 1894, 7 , 209; Ramsay and Cundail, 
J.C.S. 1886, 47 , 187 ; 1890, 67 . 690, recommend 
acid of initial p 1*6 as most suitable). The acid 
and arsenious oxide are carefully heated on a 
water bath in a large retort, or a flask with a 
splash -trap ; the reaction may become violent. 
The gas is dried by calcium chloride and liquefied 
in a glass worm cooled in ice and salt. If 
N2O4 is in excess a bluish-green liquid con- 
denses, which on evaporating in a current of 
nitric oxide and reliquefying gives at —10° an 
indigo-blue liquid, which is sealed up in a tube 
Its ready dissociation into NO (h.j). —165°) 
and N2O4 (b.p. 22°) makes it difficult to remove 
the last trace of NgO^. 

The reaction between ASgO-j and HNO3 
catalysed by small traces (<10“^^ g.-mol. per 1.) 
of mercuric ions, but retarded by larger amounts, 
and with 7*7 x 10~^ g.-mol. per 1. it does not 
occur (Klemenc and Poliak, Z. anorg. Chem. 
1921, 116 , 131). 

2. By passing an electric arc discharge 
through liquid air, when the NgO, remains 
suspended in the liquid air in the form of a 
flocculent green solid, resembling precipitated 
chromic hydroxide. On evaporation of the 
excess of liquid air it is left as a slightly blue 
amorphous powder, which melts at —111° and 
assumes a deep blue colour, which persists after 
resolidification in liquid air (Helbig, Atti R. 
Accad. Lincei, 1903, [v], 12, 166; Fischer and 
Braehmer, Ber. 1906, 89, 940). In the region 
of the arc NO is formed, which in the boiling 
liquid air combines with oxygon to form NjOg. 
This reaction in favourable conditions may be 
quantitative, since N2O4 is solid at temperatures 
below the dissociation temperature of N2O3 s-nd 
the latter is oxidised to N2O4 only above —100° 
(Scarpa, Gazzetta, 1907, 87, ii, 185). 

3. By reduction of liquid nitrogen peroxide 
with gaseous nitric oxide (Peligot, Ann. Chim. 
Phys. 1841, [iii], 2, 68 ; Lunge and Porschnew, 
lx.). On saturation and subsequent cooling 
dark blue crystals of NgOg separate, m.p. —103°, 
no other compound being formed. The eutectic 
mixture (N2O4 63-6 and NO 36-4%), melts at 
—112° (Wittorf, J. Russ. Phys. Chem. Soc. 1904, 
86 , 857 ; Z. anorg. Chem. 1904, 41 , 86 ; Baume 
and Robert, Compt. rend. 1919, 169 , 968). 

4. By the action of 6-6N. nitric acid on copper ; 
with more concentrated acid the gas contains 
an excess of NOg (Priestley, quoted by Mel- 
drum, J.C.S. 1933, 902; Bagster, ibid. 1921, 
119 , 82). 

6. By the action of water on “ chamber 
crystals ” (nitrososulphuric acid) ; 

2S02(0H)0N0+Ha0 

^ 2S02(0H)a+N0+N02. 

6 . By the action of water on liquid nitrogen ! 
peroxide (p. 526d) : 

^ 2HN08 + Nj 03 . 

ProperHea . — ^Nitrogen trioxide at ordinary 
temperatures is a brownish-red gas with a | 
density corresponding with almost complete 


dissociation into NO and NOg; allowing for 
some polymerisation of NO- to N2O4, the 
density shows that a little NgOg is also present 
in the gas (Ramsay and Cundail, ibid. 1890, 
67, 690 ; Lunge and Porschnew, l.c . ; Dixon 
and Peterkin, J.C.S. 1899, 76, 613; Wourtzel, 
Compt. rend. 1920, 170, 109). The absorption 
spectra of gaseous NgOg and NOg are identical 
(Moser, Ann. Phys. Chem. 1877, 10, 139). 

I The blue liquid has no definite boiling-point, 
but at —21° the composition is very close to 
NgOg (Francesconi and Sciacca, Gazzetta, 1904, 
84, i, 447) ; from the vapour pressure curves 
between —80° and 35° the boiling-point of pure 
NgOg would appear to be — 27°/760 mm. 
(Baume and Robert, l.c.). After prolonged 
drying over phosphorus pentoxide the tempera- 
ture of the liquid can be raised to 43° without 
any appearance of ebullition (H. B. and M. 
Baker, J.C.S. 1912, 101, 2339). The density of 
the liquid at 0° is 1*449() (Gouther, Annalen, 
1888, 246, 96; the specimen began to boil at 
3*6°). 

Pure nitrogen trioxide exists only in the solid 
state at very low temperatures or in the liquid 
state under pressure of nitric oxide, and it 
dissociates above —100°; it cannot be distilled 
in vacuum because of dissociation, but it might 
bo possible to distil it under pressure in nitric 
oxide (Baume and Robert, l.c.). 

The specific magnetic susceptibility of the liquid 
is x=— 0*21 X 10"^^ and of the solid y— — 0-03 
X 10-« (Son4, Sci. Rep. Tdhoku, 1922, 11, 139) ; 
the fact that it is diamagnetic suggests that, in 
spite of its intense colour, the substance consists 
of molecules NO*0’NO or OgN-NO. 

As usually prepared, liquid nitrogen trioxide 
mixes with water to form a blue-green liquid 
which above 0° evolves nitric oxide, and on 
dilution forms nitrous acid ; according to Baker 
(Z.C.), it is practically insoluble in water, in which 
it sinks, forming NO and N2O4, the latter dis- 
solving in the water. With concentrated sul- 
phuric acid nitrososulphuric acid {see p. 6326) is 
formed. 

Oxygen does not react with nitrogen trioxide 
below —110°. Above —100° NgOg is oxidised 
by oxygen to N2O4 and below —160° Ng04 is 
reduced by NO to NgOg (Francesconi and 
Sciacca, l.c.). NgOg oxidises metals, forming 
NO at low temperatures and nitrogen at 
higher temperatures. The gas is absorfcd by 
alkalis and more rapidly than NOg, a nitrite 
being formed, so that the equilibrium 

NO-f NOg^ NgOg 

must be existent to some extent in the gas mix- 
ture, the NgOg being quickly renewed as it is 
absorbed ; 

NgOg+2NaOH=*2NaNOg+HjO 

(Le Blanc, Z. Elektrochem. 1906, 12 , 544). 
Liquid nitrogen trioxide is instantly absorbed 
by sodium hydroxide at —22°, whilst liquid 
NgOg reacts only slowly (Foerster and BUch, 
Z. angew. Chem. 1910, 28 , 2017). Dry nitrogen 
trioxide is quantitatively absorbed by dry potas- 
sium hydroxide (Klinger, ibid. 1914, 27 , 7). 
From a mixture of NO and NOg only NOg 
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18 absorbed by potassium iodide solution 
(Raschig and Prahl, ibid. 1929, 42, 253) : 

2(N02+N0)+2KI=2KN02+l2+2N0. 

Nitrogen Dioxide, NOg, and Dinitrogen 
Tetroxide, N2O4 (“ nitrogen peroxide ” is the 
name commonly used for the gaseous equilibrium 
mixture: N204^2N02; Graham, “Ele- 
ments of Chemistry,” 1850, Vol. I, p. 344). 
This oxide can exist in the form NOg only 
within narrow temperature limits : at low 
temperatures the polymer N2O4 is the stable 
form, and at higher temperatures (above 140°) 
NO2 dissociates into NO and oxygen. 

Preparation. — 1. By oxidation of nitric oxide 
by oxygon : 2N0H-02 2N02. Hry g; iseous 

NO and Og in the volume ratio 2:1, well mixed 
by passing through a tube filled with glass 
or porcelain fragments, condense at —20" to 
a colourless crystalline mass of N2O4 (l)ulong, 
Ann. Chim. Phys. 1816, [ii], 2, 317; Peligot, 
ibid. 1841, fiii], 2, 68). Similarly, the gas re- 
sulting from the action of concentrated nitric 
acid on arsenious oxide (p. 522d) is converted by 
excess of oxygen into N2O4. 

Handle cand Russ (Z. angow. Cbern. 1908, 21, 
486) state that the rate and extent of union of 
NO and Og is afibeted by the character of the 
oxygen ; for example, electrolytic oxygen is 
more active after passing over heated palladium, 
and ozonisation retards the action. Holweeh 
(ibid., 2131) found that combination is prac- 
tically complete, and the velocity of reaction 
the same, with oxj’geii from different sources. 

According to Francesconi and Sciacca (Gaz- 
zetta, 1904, 34, i, 447), at liquid air tempera- 
ture nitric oxide and oxygen form nitrogen 
tetroxide even if both are in the gaseous state, 
provided the temperature is below —110°. 

2. By passing nitric acid vapour through a 
heated tube : 

4HNO3 ^ 4N02d 2H2O+O2. 

3. By the action of concentrated nitric acid 
on copper or bismuth : 

Cu-f4HN03-Cu(N03)2+2N02+2H20. 

The gas was discovered in this way in 1777 by 
Priestley (“ Experiments and Observations on 
DiflFerent Kinds of Air,” Birmingham, 1790, 
Vol. Ill, p. 116), who also obtained it by 
method (4). He called it “ nitrous acid vapour ” 
and made many interesting experiments with it. 

4. By heating dry lead nitrate in a hard glass 
tube and passing the gas (which may be dried 
by passing over calcium chloride) through a 
glass worm-tube cooled in a mixture of ice and 
salt to condense the nitrogen dioxide to liquid 
(Priestley, 1777; cf. Meldrum, J.C.S. 1933, 
906 ; Dulong, l.c.) : 

2Pb(N03)2-2Pb0+4N02+02. 

Copper nitrate (which cannot be dried without 
decomposition) decomposes similarly on heating. 
Alkali nitrates evolve NOo when electrolysed 
in the fused state (Bogorodski, J. Russ. Phys. 
Chem. Soc. 1905, 37, 703). 

5. By the action of fuming sulphuric acid on 
a homogeneous mixture of alkali nitrite and 


nitrate made by fusing the salts together : 
sufficient NaHS04 previous preparation 

is added to fix any free sulphur trioxide present 
(Winand, G.P. 193696, 1907) : 

NaN02+ NaNOg-f HgSgO^ 

-2NaHS04+2N02 

S03+2NaHS04-Na2S207+H2S04. 

6. By warming nitrososulphuric acid (cham- 
ber crystals) with flry potassium nitrate (Girard 
and Pabst. Bull. Soc. chim. 1878, [ii], 30, 631 ; 
Park and Partington, J.C.S. 1924, 125, 72) : 

NO HSO4+KNO3-N2O4+KHSO4. 

Sulphur dioxide is passed slowly into 100 c.c. 
of fuming nitric acid in a stoppered retort, v^ell 
cooled, in a good freezing mixture of ice and salt, 
until a pasty mass of chamber crystals forms. 
240 g. of dry powdered KNO3 are added, the 
mixture stirred with a glass rod, and the retort, 
gently heated on a water bath, the nitrogen 
peroxide being condensed in a worm -tube cooled 
in ice and salt. 

7. By adding excess of phosphorus pentoxide 
to the blue liquid NnOg and then fuming nitric 
acid drop by drop till the liquid, kept well cooled 
in a freezing mixture, becomes yellow. The 
mixture is then distilled (Ramsay and Cundall, 
J.C.S. 1890, 57, 590; 1891, 59, 1076): 

Properties . — Nitrogen peroxide at the ordinary 
temperature can exist as a dark orange-red 
corrosive gas with a peculiar unpleasant suffo- 
cating odour, and it is dangerously poisonous. 
At higher temperatures the colour of the gas 
first darkens, owing to dissociation of N2O4 into 
NO 2, then at higher temperatures it becomes 
paler and finally colourless, owing to dissocia- 
tion of NO2 into NO and oxygen. On cooling, 
the gas condenses to a dark orange-red liquid, 
boiling-point 21-97° (Thorpe and Rodger, Phil. 
Trans. 1895, 185, 451), 21-2° (Scheffer and 
Treub, Proc. K. Akad. Wetensch. Amsterdam, 
1911, 14, 536; Z. physikal. Chem. 1913, 81, 
308) or 21-9° (Bcusfield, J.C.S. 1919, 115, 46). 
The boiling-point is said to be raised by in- 
tensive drying (H. B. and M. Baker, ibid. 1912, 
101, 2339). After drying by repeated distil- 
lation over phosphorus pentoxide for a period 
of 4-6 months the vapour pressure of nitrogen 
peroxide was greater than the normal value by 
as much as 25 mm. After a sudden change in 
temperature, the corresponding change in 
vapour pressure of the dry substance was 
established slowly, several hours being required 
to attain a steady value (Smits, Z. physikal. 
Chem. 1927, 129, 33 ; Smits, de Liefde, Swart, 
and Claassen, J.C.S. 1926, 2657). Stoddart 
(ibid. 1946, 448) found, however, that phos- 
phorus pentoxide reacts with nitrogen peroxide 
to form a compound P205(N0)2, and the 
apparent increase of vapour pressure on drying 
is due to the oxygen evolved. The dried liquid 
has the normal vapour pressure. The colour of 
the liquid and its change with temperature are 
not affected by drying for several years over 
phosphorus pentoxide (rartington, unpublished), 
so that this does not seem to have any effect on 
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the equilibrium : N2O4 ^ 2NO2 ^ liquid 
state. 

At 10° the liquid is pale yellow : it solidifies in 
a good freezing mixture (it supercools strongly) 
to a nearly colourless solid, melting-point —10-1° 
(Ramsay, ibid, 1890, 57, 590; Z. physikal. 
Chem. 1890, 5, 221), —10-95° (Bruni and Berti, 
Atti R. Accad. Liiicei, 1900, 9, i, 321), —10-8° 
(Scheffer and Treub, l.c.), or —10-5° (Egerton, 
J.C.S. 1914, 105, 647). The critical temperature 
is 158*2° (Scheffer and Treub, l.c.) or 158*4° 
(Bonnewitz and Windisch, Z. physikal. Chem. 
1933, A, 166, 416), the critical pressure 100^:2 
atm. (Scheffer and Treub, i.c.), the critical 
density 0*570 g. per ml. (Bennewitz and Win- 
disch, l.c,). 

In the solid state at low temperatures this 
oxide 2)robably consists entirely of colourless 
N2O4, and the liquid, except near the boiling- 
point, is also largely N2O4. 

The vapour pressures of the liquid and solid 
have been investigated by Giiye (J. Chim. phys. 
1910, 8, 473), Scheffer and Treub {Lc.}. and 
Egerton (l.c.) ; the latter gives ; 


Tcinpera- 
tiiru, °C. 

Pressure in 
mm. 

Tempera- 
ture, °0. 

Pressure in 
mm. 

-30 

39*24 

-70 

0-151 

-40 

9*77 

-80 

0*036 

-60 

2-44 

-90 

0*009.3 

-60 

0-605 

-100 

0*0023 


Thorpe (J.C.S. 1880, 87, 224) found 1-4903 at 
0°, and Bousfield {ibid, 1919, 115, 45) found : 
t°c. . 008 7 11 l.'i 18 20 

p . . ]-iy25 1-4770 1-4682 1*4591 1-4521 1*4475 

and represented the specific volume (ml. per g.) 
by the equation : 

?;-0*67027-f0*0010075f4-0*000003^- 

whilst according to' Thorpe {lx.) 1 vol. at 0° 
becomes at 

t"c. . . 5 10 15 20 

1*00789 l*0I57.‘l 1-02370 1*03190 vol. 

Pascal and Gamier (BuU. Soc. chim. 1919, [iv], 
25, 309) find that the density of the liquid, 
between 0° and the boiling-point, at the tempera- 
ture t can bo represented by l*490-0*00215f. 

I’he vapour density of the gas as determined 
by various experiimnters is reviewed by 
Schreber (Z. physikal. Chem. 1897, 24, 651) who 
gives the following percentage dissociations of 
N2O4 into NOg at 760 mm. pressure : 

27° 66° 103° 150° 190° 

18-98 58*88 89*44 98-45 99*84 

(a])ove 140° some dissociation of NOg into NO 
and Og occurs). 

The vapour densities are also represented by 
an equation due to J. Willard Gibbs (“ Scientific 
Papers,” 1906, Vol. 1, p. 378 ; J. R. Partington, 
“Chemical Thermodynamics,” Constable, 1940, 
p. 99) : 


and the formula : logp— — 1 ,325-6/T-h 3*354 logT 
—0*8950 {p in mm. Hg, 7^ —absolute tempera- 
ture), is valid up to 120°. 

Scheffer and Treub give for the solid and 
liquid (m.p. —10*8°) : 


log 


1*589(1) -1-589) 3,118-6 

(3-178~Z>)^ "'273+«°c. 


4-log P7^im-12*461 


Tempera- 
ture, °C. 

Pressure in 
mm. 

Tempera- 
ture, °0. 

Pressure in 
mm. 

-36-0 

18 

7-7 

393 

-23-0 

53 

15-0 

565 

-10-8 

146 

21-45 

770 . 

-6-9 

180 

27-4 

1 ,007 ' 

-0-6 

256 

39-0 

1,668- 4 



43-2 

1,982 8 

I 


Mittasch, Kuss, and Sclileuter (Z. anorg. Chem. 
1927, 159, 1) agree with Scheffer and Treub to 
40° and between 40° and 60° the maximum 
deviation is 1*5% {see Fales and Shapiro, 
J. Amer. Chem. Soc. 1938, 60, 794). 

The liquid has been used as a solvent for 
molecular weight determinations : the mole- 
cular elevation of boiling-point is 13-7° and the 
molecular depression of freezing-point is 41°, both 
for 100 g. of solvent (Ramsay, Z. physikal. 
Chem. 1890, 5, 221 ; Bruni and Berti, Gazzetta, 

1900, 30, ii, 161 ; Frankland and Farmer, J.C.S. 

1901, 79, 1366). 

The liquid is not polymerised further than 
N2O4, and in acetic acid the maximum molecular 
weight corresponds with N2O4 (Ramsay, ibid. 
1888, 53, 621 ; Ramsay and Shields, ibid. 1893, 
12, 433), The density of the liquid (Gteuther, 
Annalen, 1888, 245, 96) is : 


whore Z>— vi^pour density (air=l). The per- 
centage dissociation at the boiling-point (21*9°) 
calculated from this equation is 15-7. 

At 64° and 1 atm. pressure one half of the 


2n6. 


into N O and oxygen takes place : 


J.C.S. 1887, 51, 397 ; Bodenstein and 


dissociation 


:2NO, in solution in 


e®o. 
P • 


,-^6 -2 0 5 10 16 

. 1-6036 1-6020 1-4936 1-4880 1-4770 1-4740 


chloroform has also been investigated (Cundall, 
J.C.S. 1891, 59, 1076 ; Ostwald, ibid. 1892, 61, 
242; for solutions in carbon tetrachloride, see 
Coon, J. Amer. Chem. Soc. 1937, 69, 1910). 
NOa is dissociated by an electric glow discharge 
(Zenneck and Strasser, Physikal. Z. 1911, 12, 
1201 ). 

The specific heat of gaseous nitrogen peroxide 
(Berthelot and Ogior, Ann. Chim. Phys. 1883, 
[vj, 30, 382) is anomalous, since it includes the 
heat of dissociation of N gO^ (Swart, Z. physikal. 
Chem. 1891, 7, 120). This may be subtracted 
to give the true specific heat (McCollum, J. 
Amer. Chem. Soc. 1927, 49, 28) as follows : 

PC. . 


per g. moi. 
Cp true g.-cal. 


The heat of formation of gaseous nitrogen 
peroxide (which is endothermic) is iN24 08 


33-73 

60-9 

97-51 

120 

150 

160 

126 

178 

93 

49-2 

26-8 

24-2 

11-4 

14-7 

17-6 

19*0 

19*4 

19-6 
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« N 08-8,126 g.-cal. ; N O-f JOj- N O2+ 13,450 
g.-cal. ; N2+202=N204— 2,660 g.-ca]. ; 2ISt02 
-j- 02== N 204+40,600 g.-cal. (J. Thomsen, 
“ Thermochemistry,” trans. by K. A. Burke, 
Longmans, 1908, p. 262) ; the heat of dissocia- 
tion is N204=2N 02—13,600 g.-cal. (Thomsen) 
or —13,960 g.-cal. (Verhoek and Daniels, 
J. Amer. Chem. Soc. 1931, 63, 1186). The heat 
of formation of liquid N2O4 is —4,000 g.-cal. 
and the latent heat of evaporation is 4,330 g.-cal. 
per g.-mol. (Berthelot, Ann. Ohim. Phys. 1875, 
[v], 6, 146). The latenfheat of fusion is 33-7 g.- 
cal. per g. (from the freezing-point depression) 
and the specific heat of the liquid from the 
melting-point to 33° is 0-477 g.-cal. per g. 
(Ramsay, Z. physikal. Chom. 1890, 5, 221 ; 
J.C.S. 1890, 57, 690). The thermal conductivity 
of the gas is anomalous owing to dissociation 
and varies with temperature and pressime 
(Feliciani, Physikal Z. 1905, 6, 20) ; it reaches 
a high maximum value at 65°. The refractive 
index of the vapour at 36° is 1-000503 (Dulong, 
q. in Z. physikal. Chem. 1901, 36, 332) or 
1-000509 for NO2 and 1-001123 for N2O4 
for A— 664 m/i. (C. and M. Cuthbertson, Proc. 
Roy. Soc. 1913, 89, 361). The gas shows a 
strong orange or yellowish-green fluorescence 
(Norrish, J.C.S. 1929, 1604). The absorption 
spectrum has often been investigated (e.gr., by 
Hautefeuille and Chappuis, Compt. rend. 1881, 
92, 80 ; 1882, 94, 946 ; Herzberg, Z. physikal. 
Chem. 1930, B, 10, 189). 

The surface tension of the liquid is 26-66 
dynes per cm. at 19-8° (Ramsay and Shields, 
J.C.S. 1893, 63, 1099) and the viscosity 
4-720x10“® dyne-sec./cm.“ at 9-15°, and 4-401 
dyne-sec./cm.^ at 16-36° (Thorpe and Rodger, 
Phil. Trans. 1895, 185, 397 ; Batchinski, Z. 
physikal. Chem. 1913, 84, 658). Nitrogen 
jwroxide gas does not conduct electricity and the 
liquid conducts only slightly. The dielectric 
constant of the vapour varies with temperature 
and pressure (Badeker, ibid. 1901, 36, 305; 
Zahn, Physikal. Z. 1933, 34, 461) ; the results 
indicate that both NOj and N2O4 have small 
dipole moments, but it is not certain which is 
greater (Williams, J. Amer. Chem. Soc. 1934, 
66, 1427 ; Schutz, Z. Physik, 1938, 109, 617). 
The specific magnetic susceptibility of the liquid 
(N2O4) at-16° is x=-“0-26xlO-fi (Son4, Sci. 
Rep. Tohoku, 1922, 11, 139) ; NO2 has an odd 
electron and is paramagnetic, and Havens 
(Physical Rev. 1932, [ii], 41, 337) finds the 
specific susceptibility 0-376 that of oxygen; 
Son6 {l.c.) found ;^=+4-6x 10“® at 20°. 

There is some doubt as to the shape of the 
N O2 molecule ; Bailey and Cassie (Nature, 1933, 
131, 239) and Maxwell, Mosley, and Doming 
(J. Chem. Phys. 1934, 2, 331) conclude that it is 
linear and symmetrical, but Penney and Suther- 
land (Nature, 1935, 1^, 146) that it is bent, 
the angle being 1 1 0-120°, or 1 40°. The electronic 
structure is probably a resonance hybrid with 
a three-electron bond (p.619a) :0;N-.:6: and 
6::N: p: (Pauling, J. Amer. Chem. Soc. 1931, 
68, 3225; Noyes, Z. Elektrochem. 1931, 87, 
569), and the odd electron is probably responsible 
for the ready formation of compounds -with 
metallic chlorides (Besson, Compt. rend. 1889, 


108, 1012; Reihlen and Hake, Annalen, 1927, 
452, 47). 

The structiu-e of N2O4 has been represented as 


O 


= N— O- 


o>-<o 

-O — N = 0, and 

O-N— 0~N^ 


O 

O 


(Divers, J.C.S. 1885, 47, 630; 1904, 85, 110; 
Wielani Ber. 1921, M [B], 1776 ; Battegay and 
Kern, Bull. Soc. chim. 1927, [iv], 41, 1336; 
Hendricks, Z. Physik, 1931, 70, 699), but the 
first formula, with a bond between the two 
nitrogen atoms, is probably correct (Giauque 
and Kemp, J. Chem. Phys. 1938, 6, 40) ; Longuet- 
Higgins (Nature, 1944, 163, 408, 469) proposed 
a formula with an oxygen bridge ; 

6— ^N=0 

Nitrogen dioxide gas supports the combustion 
of burning carbon, sulphur, and phosphorus ; 
carbon monoxide burns to carbon dioxide, and 
hydrogen sulphide to sulphur, with simultaneous 
formation of nitric oxide. A mixture of the gas 
with hydrogen forms ammonia when passed 
over heated platinum (Kuhlmann, Annalen, 
1839, 29, 272), the reaction being violent and 
sometimes explosive, or when passed over 
reduced nickel or copper (Sabatier and Senderens, 
Compt. rend. 1902, 136, 278). Potassium bums 
in the gas or in contact with the slightly moist 
liquid with a red flame; sodium reacts at the 
ordinary temperature without ignition ; many 
metals and lower oxides are oxidised by the gas 
at 600° : sodium, potassium, mercury, and lead 
form nitrates with production of N O (Sabatier 
and Sondems, Ann. Chim. Phys. 1896, [vii], 7, 
348). Additive compounds are formed with 
many metallic salts, etc., e.g., FeCl8,N02, 
SnCl4,N02, etc. (Weber, Ann. Phys. Chem. 
1863, [ii], 118, 471; 1864, [ii], 123, 347; 
Besson, Compt. rend. 1889, 108, 1012 ; Bull. 
Soc. chim. 1889, [iii], 1, 771 ; Reihlen and Hake, 
Annalen, 1927, 452, 47 ; Thomas, Ann. Chim. 
Phys. 1898, [vii], 13, 146), and with unsaturated 
organic compounds. 

With water, NgO^ behaves as a mixed an- 
hydride, forming nitrous and nitric acids ; 

N a04+ H aO - H N Oa+ H N Os. 

With a small quantity of cold water (or better, 
with ice) the reaction ; 

2 N a04+ H aO - N a08+ 2 H N O3 

occurs, two liquid layers being formed. The 
lower, deep-blue, layer is rich in N jOg. Further 
dilution convert^ the NgOg into nitrous acid, 
which on rise of temperature decomposes with 
evolution of nitric oxide ; 

3HNOa“HNOg+2NO+HaO 

(Fritsohe, J, pr. Chem. 1840, [i], 19, 179; 1841, 
[i], 22, 14; Schdnbein, Ann. Physik, 1848, 73, 
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326 ; Oddo, Gazzetta, 1916, 45, i, 413 ; Lowry 
and Lemon, J.C.S. 1936, 1, 6; Lowry, Lloyd, 
and Lloyd, ibid., p. 10). 

Aqueous alkalis form a mixture of nitrite and 
nitrate 

Na04+20H'-N02'+N03'+H20 

the gas being more slowly absorbed than an 
equimolecular mixture of NO and NO2, which 
forms only nitrite (Foerster and Koch, Z. angew. 
Chem. 1908, 21, 2161). Barium oxide, BaO, 
reacts with incandet'cence at 200° to form a 
mixture of nitrite and nitrate (Dulong, Ann. 
Chim. Phys. 1816, [ii], 2, 317). Calcium oxide 
reacts up to 400° to form calcium nitrate and 
nitrite, nitric oxide, and nitrogen. The free 
nitrogen arises from the oxidation of calcium 
nitrite to nitrate, which may occur in the follow- 
ing ways : 

(i) Ca(N02)2+2N02=Ca(N03)24-2N0 

(ii) 2Ca(N02)2+2N02=2Ca(N03)2+N2 

(Partington and Williams, J.C.S. 1924, 125, 947). 
Nitrogen peroxide reacts with finely divided 
copper to form cuprous oxide : 

N02+2Cu=Cu20+N0, 

which then adsorbs an excess of NOj. Cuprous 
oxide in the cold takes up about 30% by weight 
of nitrogen peroxide gas without change in 
appearance, evolution of heat or other sign of 
chemical change. The product of the action of 
nitrogen peroxide on copper or cuprous oxide 
dissociates completely on heating, without 
reduction of the nitrogen peroxide ; it reacts 
violently with water yielding nitric oxide and 
a solution of cupric nitrate with a little nitrite. 
At 65-70°, an inert solvent such as carbon 
tetrachloride removes the whole of the nitrogen 
peroxide, leaving a residue of cuprous oxide. 
The peroxide is adsorbed by and not chemically 
combined with the cuprous oxide (Park and 
Partington, ibid. 1924, 125, 72, 663; Klemenc 
and Schroth, Ber. 1926, 58 [B], 168), and the so- 
called “ nitro-copper,” CugNOg, said to be 
formed (Sabatier and Senderens, Compt. rend. 
1892, 115, 236; 1893, 116, 766), is merely the 
adsorption complex. 

In the liquid state nitrogen peroxide and sul- 
phur dioxide react to form nitrosyl disulphate, 
SgNgOg (see p. 532d) ; 

3N204-|-4S02=2S2N203+2N0. 

Liquid ammonia reacts explosively with solid 
N2O4 at —80°, but a current of gaseous am- 
monia led over the solid at —20° reacts less 
vigorously, the products being NO, nitrogen, 
ammonium nitrate, and water, with a trace of 
ammonium nitrite (Besson and Rosset, ibid. 
1906, 142, 633). Dry oxygen does not oxidise 
N2O4, but ozone converts it into nitrogen 
pentoxide (Helbig, Atti R. Accad. Lincei, 1902, 
11, ii, 311 ; 1903, 12, i, 211 ; Z. Elektrochem. 
1906, 12, 660; Foerster and Koch, Z. angew. 
Chem. 1908, 21, 2216) : 

N204.b0,«N203+02. 

In presence of water, oxygen and oxidising 
agents convert N204into nitric acid (see p. 572a). 


Nitrogen peroxide dissolves in dilute and 
concentrated nitric acid ; with concentrated 
acid a yellow “ fuming nitric acid ” is formed 
(Lunge, Ber. 1879, 12, 1058; Bousfield, J.C.S. 
1919, 115, 46). The density of the nitric 
acid is markedly increased (Lunge and March- 
lewsky, Z. angew. Chem. 1892, 5, 10), reaching 
a maximum when the solution contains 42*6% 
by weight of the peroxide, corresponding with 
the composition N205,N204,Ha0, this solution 
being stable at —48-5°, above which temperature 
it dissociates (Pascal and Gamier, Bull. Soc. 
chim. 1919, [iv], 25, 309). 

Liquid N2O4 forms dangerously explosive 
solutions in liquid hydrocarbons {v Ex- 
plosives, Vol. IV, 545d). 

Pure nitrogen peroxide does not react with 
cold aromatic hydrocarbons. With benzene at 
80° the main products are l:3:6-trinitrobenzene 
and picric acid. Nitrobenzene is indifferent 
at 80°. Phenol dissolved in a cold mixture of 
benzene and light petroleum is readily nitrated 
to o- and p-nitrophenol. o-Cresol gives 0 - and 
p-nitro-o-cresol ; m-cresol yields o- and p-nitro- 
w-cresol, whilst the p- compound give o-nitro- 
p-oresol and o-dinitro-p-cresol. 1:3:4 m-Xylenol 
is converted into the corresponding 5-nitro- 
compound. a-Naphthol gives a mixture of 2- 
nitro-a-naphthol and 2:4-dinitro-a-naphthol. 
Acetanilide in ethereal solution is transformed 
into benzenediazonium nitrate. Diphenylamine 
in ethereal solution yields diphenylnitrosamine ; 
in benzene solution it gives p-nitrodiphenyl- 
nitrosamine. A consideration of these reactions 
leads to the formula OjN-NOg as the most 
probable constitution of nitrogen peroxide, which 
is also in accord with its other reactions and with 
the more convincing direct structure determina- 
tion (p. 526c) ; its decomposition by alkali is 
: then analogous to that of other sym metrically - 
paired atoms or radicals, e.gf., cyanogen to 
cyanide and cyanate, chlorine to chloride and 
hypochlorite (Wieland, Ber. 1921, 54 [B], 1776). 

NOg may be determined in presence of excess 
of NO by absorption in potassium iodide solu- 
tion (p. 523d) or by shatog the gas with con- 
centrated sulphuric acid, which absorbs equi- 
molecular amounts of each gas : 

NO-f N0 j+2S02(0H)2 

=2S02(0H)0N0+H20. 

The “ NgOj ” content of the acid is then 
determined in a Lunge nitrometer, an allowance 
being made for the solubility of N O in the acid. 
The excess of N O in the residual gas is absorbed 
by acid potassium bromate solution, and the 
nitric acid formed is determined in the nitro- 
meter (Klemenc and Muha, Z. anorg. Chem. 
1924, 184, 1208). 

Nitrogen peroxide is absorbed by concentrated 
sulphuric acid to form a mixture of nitrososul- 
phuric and nitric acids, the reaction being 
reversible (Lunge, Ber. 1879, 12, 1068) : 

N204+S02(0H)2^ 

80a(OH)ONO+HNO,. 

The tso-dinitrogen tetroxide supposed by 
Raschig (Chem.-Ztg. 1907, 81, 869; Z. anorg. 
Chem. 1913, 84, 116) to be formed ^ one of the 
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first products in the reaction between nitric 
oxide and air has no existence, the product being 
nitrogen peroxide. 

Nitrogen Pentoxide or Nitric An- 
hydride, NgOg, was discovered by Deville in 
1849. It is prepared as follows : 

1. By oxidising cooled liquid nitrogen per- 
oxide with ozonised oxygen (Helbig, Atti R. 
Accad. Lincei, 1903, [v], 12, i, 211 ; Z. Elektro- 
chem. 1906, 12, 650,' Foorster and Koch, Z. 
angew. Chem. 1908, 21, 2216) : 

N 204“^" ^3= N oOg-h 03. 

2. As first prepared by Bevillo (Ann. China. 
Phys. 1850, [ii], 28, 241 ; Rice and Getz, J. 
Physical Chem. 1927, 31, 1572) by passing dry 
chlorine over silver nitrate at 60-60°, the 
NgOg in the gaseous product being condensed 
in a tube cooled in a freezing mixture : 

4AgN03+2Cl2-2N20g+4AgCI+02. 

3. Most conveniently, as first prepared by 
Weber (J. pr. Chem. 1872, [ii], 6, 342 ; Berthclot, 
Bull. Soc. claim. 1874, [ii], 21, 53 ; Ann. Claim. 
Phys. 1875, [v], 6 , 202; Meyer, Ber. 1889, 22, 
23 ; Gibson, Proc. Roy. Soc. Edin. 1908, 28, 
705), by dehydrating pure concentrated nitric 
acid with phosphorus pentoxide, with constant 
cooling, aiad then distilling the nitrogen pent- 
oxide formed. The syrupy liquid formed from 
the nitric acid and phosphorus pentoxide is 
poured into a diy retort and distilled into a 
receiver surrounded by a freezing mixture. The 
orange-red distillate separates into two layers, 
the upper of which is cooled in ice. The crystals 
formed are drained, again melted and crystal- 
iaed, and drained from the mother-liquor. 

The operation is facilitated by performing the 
distillation in a current of ozonised oxygen, 
which prevents decomposition into oxygen and 
lower oxides of nitrogen. To remove the last 
trace of moisture the gas is passed through a 
long tube containing phosphorus pentoxide and 
the nitrogen pentoxide is then almost completely 
condensed by cooling at —80° (Russ and 
Pokorny, Monatsh. 1913, 34, 1061 ; Daniels and 
Bright, J. Amer. Chem. Soc. 1920, 42, 1131). 
The possibility of explosion should be provided 
for. 

Pure nitrogen pentoxide forms glistening 
white rhombic crystals, density 1-99 at 16° 
(Son(5, Sci. Rep. Tohoku, 1922, 11, 139). Ac- 
cording to Berthelot the melting-point is 29-5°, 
but Russ and Pokorny (Z.c.) say that when pure it 
has no true melting-point, liquefaction being due 
to traces of impurities, but it sublimes at about 
34°. The liquid boils with decomposition into 
N 2 O 4 and oxygen at about 45°, after previously 
darkening in colour. The crystals (slightly im- 
pure) become yeUow some time before melting ; 
at the melting-point they are orange, turning 
dark brown as the temperature rises. The 
vapour pressure of the pure solid is given by the 
formula (Daniels and Bright, l.c,) : 

logp=l,244/T-f 341 log T-86'929 

{p mm. Hg, T—absolute temj^rature). The 
calculated molar heat of fusion is 8,280 g.-cal. 
per g.-mol., and the calculated molar heed of 
evaporation 4,840 g.-cal. per g.-mol. The heeds 


of sublimation calculated for various absolute 
temperatures (Daniels and Bright, l.c.) are : 

T°K 203 273 283 293 

(J.-cal. per g.-mol. . 12,360 12,700 13,360 14,140 

The heat of forynation of solid NgOg is 11,900 
g.-cal. per g.-mol., hence that of gaseous NgOg 
is —1,200 g.-cal. per g.-mol. (Berthelot, Ann. 
Chim. Phys. 1876, [v], 6, 171 ; Compt. rend. 
1880, 90, 783). The heat of reaction^ 

N20g-fHa0-2HN08, 

' is 2,300 g.-cal. evolved, and with excess of water, 

I Ng 0 g-HAq.= 2 HN 03 ,Aq., is 16,680 g.-cal. 
(Berthelot, l.c.). The specific magnetic suscepti- 
bility of the solid at 16° is y--— 0'33x 10“'^ (Son6, 
Sci.Rep. Tohoku, 1922, 11, 139). 

According to Deville the crystals can be kept 
without decomposition in diffuse daylight below 
8°, but in sunlight at 25° the solid melts and 
undergoes explosive decomposition into nitrogen 
peroxide and oxygen. A trace of ozone retards 
the thermal decomposition, but the rate of 
thermal decomposition is not affected by the 
presence of chlorine, bromine (which retards the 
photochemical decomposition), carbon monoxide 
or hydrogen, whilst carbon disulphide increases 
the rate of decomposition (Daniels, Wulf, and 
Karrer, J. Amer. Chem. Soc. 1922, 44, 2402; 
Busso and Daniels, ibid. 1927, 49, 1267). Re- 
ducing the pressure of the vapour does not retard 
the decomposition, but bellow a critical pressure 
of about 0 25 mTu, the reaction velocity begins to 
increase, attaining finally, at the lowest pressure, 
five times the normal value (Hirst and Rideal, 
Proc. Roy. Soc. 1925, 109, 526). The decom- 
position at all temperatures investigated is a 
miimolecular homogeneous reaction, hence it 
may occur as N 205 =N 208 -f Og, followed by a 
rapid reaction NgOs-t- (Daniels 
and Johnston, J. Amer. Chem. Soc. 1921, 48, 
53; Hirst, J.C.S. 1925, 127, 657; White and 
Tolman, J. Amer. Chem. Soc. 1925, 47, 1240; 
Hunt and Daniels, ibid., p. 1602 ; Rice and Getz, 
J. Physical Chem. 1927, 31, 1572). In illumi- 
nated NOg an equilibrium 2 NO 2 ^ 2NO-f Og 
is set up, and in the photochemical decom- 
position of N 2 O 6 the NO 2 may first form NO 
which then reacts with NgOg to form 3 NO 2 
(Norrish, J.C.S. 1927, 761). The velocity co- 
efficient of the decomposition of NgOg in carbon 
tetrachloride solution is the same as in the gas 
(Lueck, J. Amer. Chem. Soc. 1922, 44, 757). 

N 2 O 5 dissolves with a hissing noise in water 
to form nitric acid. It forms a solid crystalline 
compound N 205 , 2 HNOg on cooling a solution 
of NgOg in concentrated nitric acid. Phos- 
phorus and potassium bum in the liquid pent- 
oxide if slightly warmed; charcoal does not 
decompose it even on boiling, but bums bril- 
liantly if previously ignited. No^s dissolves in 
freshly distilled and fused sulphur trioxide, 
giving an almost quantitative yield of 
N 205,4808, m.p. 124-125°, b.p. 218-220°, also 
formed as a crystalline precipitate on mixing 
solutions of the two oxides in carbon tetra- 
chloride (Pictet and Karl, Compt. rend. 1907, 
145, 238). 

Nitrogen Hexoxide. — Hautefeuille and 

Chappuis (ibid. 1881, 91, 762 ; 1881, 92, 80, 134; 
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1882, 94, 946, 1111, 1306), and Berthelot (Bull. 
Soo. ohim. 1881, [ii], 35, 227 ; Ann. Chim. Phys. 
1881, [v], 22, 432), by the action of a silent dis- 
charge on a mixture of oxygen and nitrogen, 
obtained a gas with a characteristic absorption 
spectrum, and on cooling to -—23® a small 
quantity of a very volatile crystalline powder 
separated, supposed to bo NgOg. The same 
spectrum was observed by Warburg and Leit- 
hauser (Sitzungsber. Preuss. Akad. Wise. 
Berlin, 1907, 229) with a mixture of ozone and 
NgOg vapour at 0-18°. 

Schumacher and Sprenger (Z. physikal. Chem. 
1928, 136, 77 ; 1929, B, 2, 267 ; Z. angew. Chem. 
1929, 42, 697) and Lowry and Lemon (Nature, 

1936, 135, 433 ; J.C.S. 1935, 692) supposed that 
NO3 is formed from NgOg vapour and ozone, 
and Schwarz and Achenbach (Ber. 1936, 68 [B], 
343) claimed to have obtained it as a white solid, 
stable only below —142°, by the action of an 
electric discharge on a mixture of NOg and 
oxygen at low pressure in a special apparatus, 
but Klemenc and Neumann (Z. anorg. Chem. 

1937, 232, 217) were unable to repeat the experi- 
ment, although they inferred from the absorp- 
tion 8pe(^trum that NOg may bo formed in the 
evaporation of a liquid mixture of N2O4 and 
ozone. 

Nitrous Acid, HNOg. — Nitrous anhydride 
(NgOg) dissolves in excess of ice-cold water to 
form a dilute solution of nitrous acid. This is 
unstable (Knox and Reid, J.S.C.I. 1919, 38, 
105t) although its salts and eaters are com- 
paratively stable. A solution of nitrous acid is 
formed on acidification of a dilute solution of a 
nitrite, and (free from metallic salt) by pre- 
cipitating a solution of silver nitrite with dilute 
hydrochloric acid, or a solution of barium nitrite 
with dilute sulphuric acid. The solution con- 
tains some NgOg (which colours it blue) and 
readily evolves nitric oxide : 

3HN02=HN03+2N0+Ha0. 

Nitrites are found to some extent in nature 
and are said to occur in the sap of some plants 
or to be formed when plant extracts are exposed 
to air (Maze, Compt. rend, 1912, 155, 781 ; 
Bach, Biochem. Z. 1913, 52, 418; Klein, Bied. 
Zentr. 1915, 44, 162). The presence of nitrites 
in the atmosphere is established (Schdnbein, 
Chem. News, 1 862, 6, 241 ; Warin^on, J.C.S. 
1881, 39, 229; Hayhurst and Pring, ibid, 1910, 
97, 868; Rao and Dhar, Z. anorg. Chem. 
1931, 199, 422 ; Vorlander and Qohdes, Ber. 
1931, 64 [B], 1776; Wulf, J. Opt. Soc. Amer. 
1936, 25, 231). They have been supposed to 
be formed from nitrates in solution by the action 
of sunlight (Moore, Proc. Roy. Soc. 1918, B, 90, 
168; J.C.S. 1921, 119, 1666) and in photo- 
chemical assimilation (Baudisch and Mayer, Z. 
physiol. Chem. 1914, 89, 176). 

Most nitrites are soluble in water and many 
in alcohol, but silver (3'2 g. per 1.), bismuthyl, 
and basic lead nitrites are only sparingly soluble 
in water. 

Alkali and alkaline earth hydroxides and car- 
bonates absorb NO* and N^Og (Le., mostly 
NOd- NOj; see p. 6236) ; with NOg a mixture 
of nitrite and nitrate is formed : 

Ng04+2Na0H-NaN0g+NaN0g.f HgO, 

VoL. VIII.— 34 


whilst with NgOg, if NO is present in slight 
excess, practically pure nitrite is formed (Gay- 
Lussac, Ann. Chim, Phys, 1816, [ii], 1, 394; 
Divers, J.C.S. 1899, 75, 86) : 

NO+NOa+2NaOH-2NaNOg-f HgO. 

Oxides of nitrogen as produced, e.p., by the 
action of an electric discharge on air or by the 
oxidation of ammonia, may be kept at 300° until 
absorbed by alkali, when practically only nitrite 
is formed (Badische Anilin- u. Soda-Fabrik, G.P. 
188188, 1906). 

Sohd ammonium nitrite is formed by evapor- 
ating a concentrated solution of ammonium 
cliloride and sodium nitrite in vacuum and sub- 
liming in vacuum (Ray, J.C.S. 1909, 95, 345; 
Neogi and Adhicary, ibid. 1911, 99, 116), or by 
passing the red gas (NO + NOg) from nitric acid 
and arsenious oxide (p. 522d) over lumps of 
solid ammonium carbonate in a cooled tube, 
dissolving in alcohol, and precipitating with 
ether (Sorensen, Z. anorg. Chem. 1894, 7, 33). 

Many nitrates are reduced to nitrites on 
fusion with lead, copper, carbon (Fischer, Ann. 
Physik, 1849, 74, 115), sulphites (l5tard, Bull. 
Soc. chim. 1877, [ii], 27, 434), and sulphur or 
barium sulphide (Roy, Compt. rend. 1889, 108, 
1251), and in solution by reduction with sodium, 
potassium, calcium, and other metals (Schon- 
bein, J. pr. Chem. 1868, [i], 105, 198) or by 
electrolytic reduction (Muller and Weber, Z. 
Elektrochem. 1903, 9, 965, 978; Muller and 
Spitzer, ibid. 1905, 11, 609 ; Ber. 1906, 38, 1190), 
silver being the best cathode material, when 
reduction to nitrite is almost complete before 
further reduction to ammonia occurs; with a 
copper anode the yield is then almost quanti- 
tative. 

Nitrites are said to be formed by oxidising 
ammonia with hydrogen peroxide (Weith and 
Weber, Ber. 1874, 7, 1745 ; Hoppe-Seyler, ibid. 
1883, 16, 1917), but this is probably incorrect 
(Traube, ibid. 1882, 15, 2432 ; Hodgkinson and 
Bellairs, Proc. C.S. 1896, 11, 9). 

In the oxidation of copper in ammonia solu- 
tion in contact with air (p. 499a) some ammonia 
is oxidised to nitrite (Schdnbein, J. pr. Chem. 
1867, [i], 70, 129; 1858, [i], 75, 73; PeUgot, 
Compt. rend. 1868, 47, 1034 ; Berthelot, 

Chim. Phys. 1864, [iv], 1, 381). Ammonia is 
oxidised to nitrite and finally to nitrate by 
electrolytic oxidation of a solution containing 
sodium hydroxide and copper hydroxide with 
an anodic current density of 0*02-^‘06 amp. per 
sq. cm., almost all the anode oxygen being used 
up (Traube and Biltz, Ber. 1904, 37, 3130 ; 1906, 
39, 166). 

The only practical method for the preparation 
of pure alkali and alkaline-earth nitrit^ is by 
double decomposition of the chlorides with 
silver nitrite (Oswald, Ann. Chim. 1914, [ix], 1, 
32). Nitrites may be prepared by the action of 
sodium or potassium nitrite on the metallic 
acetates in presence of ammonium acetate, with 
ammonia, alcohol or acetone as solvent (Duval, 
Compt. rend. 1926, 182, 1156). Sodium nitrite 
is formed on heating the nitrate writh some 
oxides, the best resmts being obtained with 
barium oxide or manganese dioxide (Tacchini, 
Giorn. Chim. Ind. Appl. 1924, 6, 276), Triple 
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nitrites of cobalt, nickel or copper with an alkali 
metal and mercury or a metal of the cerium or 
yttrium group are described (Cuttica e< cd., 
Gazzetta, 1922, 52, ii, 270, 279 ; 1923, 53, i, 185, 
374). 

Properties , — ^Nitrous acid is a fairly strong 
acid, its dissociation constant being K 
-[H-][NO2']/[HNO2]-3‘2x 10-4 at 0° and 
4-9x10”^ at 18° (Reinders and Vies, Roc. trav. 
chim. 1925, 44, 1 ; Klemonc and Hayek, 
Monatsh. 1929, 53-54, 407. Ray, Dey, and 
Ghosh, J.C.S. 1917. Ill, 413, found 6•5xl0-^ 
Schumann, Ber. 1900, 33, 627, found 4•^)XlO-^ 
and Blanchard, Z. physikal. Chem. 1902, 41, 
081, found 4x 10~^). It is, however, slowly dis- 
placed from solutions of its salts by carbonic 
acid (Moore, J. Amer. Chem. Soc. 1904, 26, 
959). 

The equivalent conductivity at 0°c. and dilutions 
of V 1. per g.-mol. is (Ray, Dey, and Ghosh, 
l.c . ; c/. Schumann, l.c . ; l^ey and Kissel, Ber. 
1899, 32, 1357) : 

V , . . 32 64 128 256 1,024 <x. 

A ohm-1 . 33-6 45-8 62-0 82-5 138 271 

The mobility of the nitrite ion NOj' in dilute 
solution is (Klemenc and Hayek, l.c . ; cf. Pick, 
Dissert., Breslau, 1906 ; Vogel, Z. anorg. Chem. 
1903, 35, 385) : 

0* 44*0, ]2’5® 58-9, 30“ 77. 


1930, 148, 337 ; Z. Elektrochem. 1930, 36, 692 ; 
Klemenc and Hayek, Z. anorg. Chem. 1930, 186, 
181). Lewis and Edgar found iC ==0 0267 at 
25° and one atmosphere pressure of NO, but it 
varies with the nitric acid concentration. 
Klemenc and Hayek calculate for infinite 
dilution ; 

rv. ... 0 12-5 15 25 30 35 

l//v. , . . 50 13-3 14*45 29*8 39*6 51 

For finite concentrations the activities must be 
used instead of concentrations. 

The acid is more stable in a compressed atmo- 
sphere of nitric oxide, and this has been applied 
in diazotisation reactions (Briner and Jonas, 
Helv. Chim. Acta, 1920, 3, 366). 

Nitrous acid is oxidised to nitric acid by the 
usual oxidising agents ; its oxidation by hydro- 
gen peroxide and subsequent precipitation of 
this w'ith “ nitron ” acetate is used as a method 
of determination (Busch, Ber. 1906, 39, 1401; 
V. also this Vol., p. 589a), and nitrites are 
precipitated by 2:4-diamino-6-hydroxypyrimi- 
dine sulphate (Hahn, ibid. 1917, 50, 705). 

Nitrous acid or a nitrite may function as an 
oxidising agent, being reduced to NO, H2N2O2, 
NgO, NHg-OH, nitrogen, or ammonia by 
stannous chloride, hydrogen sulphide, and 
sodium amalgam (Divers, J.C.S. 1899, 75, 87), 
by iodides : 


The heat of neutralisation of nitrous acid with 
baryta is 10,600 g.-cal. and with ammonia 
9,100 g.-cal. (Berthelot, Ann. Chim. Phys. 1875, 
[v], 6, 146). The heat of formation (J. Thomson, 
“ Thermochemische Untersuchungen,” Leipzig, 
1882, Vol. II, p. 199) is : 

H-f N + O 2 + Aq.- H N 02,Aq.~l- 30,770 g.-cal. 

The decomposition of nitrous acid in solution : 

3HNO2-HNO3+2NO+H2O 

occurs slowly in the cold when the liquid is 
quiescent; it is accelerated in contact with 
rough surfaces (sand, fragments of glass, etc.) 
and on shaking. The kinetics of the decom- 
position have been investigated by Ray, Dey, 
and Ghosh (l.c.) who found the following uni- 
molecular velocity coefficients k in approxi- 
, mately 0*1% solution : 

O'* 21° 40° 

0*00014 0*00022 0*00057 


Actually, k increases with the initial concen- 


centration above which decomposition is very 
rapid and below which it is very slow. This is, 
apparently, due to the secondary reactions : 
(o) 2HNQ2^ NjOg+HgO in solution and 
{b) N jOj ^ N 0 + N O 2 in the gas phase (Taylor, 
Wignall, and Cowlev, J.C.S. 1927, 1923). 

The reaction SHNOg ^ HN 03 + 2 N 0 -f HgO 
is reversible and the equilibrium constant 
ir=[HN 02 ] /[H'XNOg'] has been determined 
(Saposhnik v, J. Russ. Phys. Chem. Soc. 1901, 
83, 506 ; Lewis and Edgar, J. Amer. Chem. Soc. 
1911, 88, 292; Abel and Harasty, Z. anorg. 
Chem. 1924, 189, 1 ; Abel and Schmid, Z. 
physikal. Chem. 1928, 182, 55 ; Abel et ibid. 


2N02'+2r-i-4H=2N0+ I 2 + 2 H 2 O, 

and by electrolytic reduction (Tanatar, Ber. 
1896, 29, 1039). 

With hydrazine the following reaction is said 
to occur quantitatively and without evolution 
of nitrogen (Krancke, ibid. 1905, 38, 4102; 
cf. Girard and Saporta, Bull. Soc. chim. 1904, 
[iiil 31, 905) : 

NgH^-f HNOg-NgO+NHj-f HjO. 


The molecular weight of nitrous acid in 
aqueous solution, found by the cryoscopic 
method, agrees with the formula HNOg 
(Saposhnikov, J. Russ. Phys. Chem. Soc. 1909, 
41, 1704). In most of its reactions the acid 
behaves as if it had the nitroso- constitution 
0==N — O — H; the facts that many nitrites 
readily evolve NOj on heating, and give nitro- 
paraffins with alkyl iodides suggest the formula 
of a nitro-form 



(Divers, J.C.S. 1886, 47, 226; Kieseritzky, Z. 
physikal. Chem. 1899, 28, 421 ; Baudisch, Ber. 
1916, 49, 1176), but as more or less alkyl nitrite 
is formed in the second reaction it gives no 
definite clue to the constitution of nitrous acid. 
The reduction of nitrites to hyponitrites (p. 533o) 
supports the structure 0=N — O — H, and there 
is some evidence that mercurous nitrite in solu- 
tion is derived from this (Ley and Kissel, Ber. 
1899, 82, 1357). Silver nitrite, on the other 
hand, is often regarded os derived from the 
nitro-form of the acid. 

The nitrite ion has an angular form (Ziegler, 
Physical Rev. 1931, [ii], 88, 1040), similar to that 
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of the chlorite ion (Levi and Scherillo, Z. Kriet. 

1931, 76, 431). 

Halides, etc., of Nitrous Acid. 

Nitrosyl Fluoride, NOF, is prepared by 
the action of nitrosyl chloride on silver fluoride : 
NOCI + AgF=NOF+AgCI. A small flask 
containing nitrosyl chloride at —S'" is attached 
to one end of a long platinum tube containing 
the silver fluoride and kept at 200-250'", and the 
nitrosyl chloride slowly distilled. The product 
is condensed in a small platinum flask cooled in 
liquid air and on fractionation gives NOF as a 
colourless gas, b.p. — 59 9°, m.p. — 132-5°. In 
the cold, boron, silicon, rod phosphorus, and 
arsenic take fire in the gas, sodium burns on 
heating, and antimony is at once acted on, the 
fluoride and nitric oxide being formed. Copper, 
aluminium, lead, and bismuth are slowly 
attacked, and tin reacts only on heating ; 
iodine, sulphur, and carbon do not react even 
on heating. Moisture gives brown fumes, 
hydrofluoric and nitrous acid vapours being 
formed. Analysis and vapour density (1*701, 
air=l) agree with the formula NOF. The com- 
pound closely resembles nitryl fluoride, NOgF 
{q.v,, p. 540c), in physical and chemical properties, 
but differs from it in its behaviour towards 
iodine and water. NOF gives additive com- 
pounds with AsFg and SbFg (Ruff et al., Z. 
anorg. Chem. 1905, 47, 190; 1908, 58, 325; 

1932, 208, 293). 

Nitrosyl Chloride, NOCI, is obtained: 

1. By the direct union of nitric oxide and 
chlorine: 2NO-hCl2=2NOCI (Gay-Lussac, 
Ann. Chim. Phys. 1848, [iii], 23, 203). The 
mixture of 2 vol. of NO and 1 vol. of chlorine is 
passed over dry finely granulated animal charcoal 
at 40-60° under slight pressure (Prancesconi and 
Bresciani, Atti R. Accad. Lincei, 1903, [v], 12, 
ii, 75). The charcoal is not necessary and does 
not improve the yield (Briner and Pylkov, J. 
Chim. phys. 1912, 10, 640). 

The formation of NOCI at low temperatures 
has been studied by Boubnoff and Guye {ibid. 
1911, 9, 290). After removing excess of NO at 
—160° to —160° an excess of chlorine (3-4%) 
above that required by the formula NOCI 
always remains, but is expelled at —80°. Ac- 
cording to Trautz (Z. Elektrochem. 1914, 20, 
326 ; J.C.S. 1914, 106, ii, 467) the equation 
2NO-fCl2-2NOCI does not satisfactorily 
explain the reaction at all temperatures in- 
vestigated. Between —72° and 40° the product 
is practically NOCI. At higher temperatures it 
is mixed with a gas richer in nitric oxide, per- 
haps (N0)2CI or (NOlgCI, and possibly with a 
gas richer in chlorine, perhaps NOCi2 (c/. 
Coates and Finney, J.C.S. 1914, 106, 2444 ; 
Wourtzel, J. Chim. phys. 1913, 11, 214). 

2. By heating aqua regia, a mixture of con- 
centrated hydrochloric and nitric acids : 

HNOa-l-3HCI ^ NOCI-f CI2+2H2O. 

Nitrosyl chloride was first so obtained by Baudri- 
mont (Ann. Chim. Phys. 1846, [iii], 17, 24; cf. 
Tilden, J.C.S. 1874, 27, 630; Goldschmidt, 


Annalen, 1880, 206, 372) by liquefying it from 
the gas by cooling with ice and salt, but its com- 
position was first determined by Gay-Lussac 
(Z.C.). The reaction is reversible (Briner, Compt. 
rend. 1916, 162, 387). 

3. By heating potassium nitrite with phos- 
phorus pentachloride : 

KNO24 PCIg-KCl+POCIa-f NOCI. 

4. By heating nitrososulphuric acid (chamber 
crystals) with sodium chloride (Tilden, lx. ; 
Girard and Pabst, Bull. Soc. chim. 1878, [ii], 
80, 531): 

N0-HS04+NaCl-N0CI+NaHS04. 

6. By the action of hydrogen chloride on 
N2O4 fMiiUer, Annalen, 1862, 122, 1) and on 
NgOg (Briner and Wroczynski, Compt. rend. 
1909, 149, 1372). 

6. By the action of NO on FeClg heated to 
the sublimation point (Thomas, ibid. 1896, 120, 
447). 

7. Nitrosyl chloride, together with chlorine 
and some hydrogen chloride, is formed when 
sodium chloride is evaporated with concentrated 
nitric acid : 

3NaCH-4HN03 

=3NaN03-f NOCH-Cl2+2HaO 

(Gay-Lussac, lx.), and it is obtained as a by- 
product in the production of sodium nitrate by 
this process (^ee p. 580c). 

Nitrosyl chloride in an orange-yellow gas 
which condenses in a freezing mixture to a ruby- 
red mobile liquid, b.p. — 5-6°/751 mm., giving 
lemon-yellow crystals, m.p. —61° to —60° 
(Francesconi and Bresciani, l.c.) or —61*5° 
(Trautz and Gerwig, Z. anorg. Chem. 1924, 184, 
409). The critical temperature is 163-164° 
(Francesconi and Bresciani, l.c.) or 167°, and tiie 
critical pressure 92*4 atm. (Briner and Pylkoff, 
J. Chim. phys. 1912, 10, 640). The vapour 
density (2*29-2*32, air=l, at 10°) is in agree- 
ment with the formula NOCI (Tilden, l.c.). 
p of liquid 1*4165 at —12°; 1*4250 at —16°; 
1*4330 at —18° (Geuther, Annalen, 1888, 245. 
96 ; Briner and Pylkoff, l.c.). The latent heat 
of evaporation is 6,560 g.-cal. per g.-mol. (Briner 
and Pylkoff, l.c.). The gas is fairly stable 
towards heat, the dissociation : 

2NOCI^2NO-fCl2, 

being first measurable at 700° (Sudborough and 
Miller, J.C.S. 1891, 59, 73, 270; Trautz et al, 
Z. anorg. Chem. 1915, 93, 177; 1916, 97, 241) 
and the percentage dissociations are : 

784 '* 815 ° 968 ° 985 ° 

6*54 10*64 39 19 41*85 

It has a characteristic absorption spectrum 
(Magnanini, Z. physikal. Chem. 1889, 4, 427). 

With water, nitrosyl chloride hydrolyses to 
hydrochloric and nitrous acids, and it reacts 
with metals and metallic oxides to form the 
nitrite and chloride (Sudborough, J.C.S. 1891, 
69, 666). It forms compounds with many 
metallic chlorides, some of which decompose on 
heating with evolution of nitric oxide : 

CuCbNOCI-CuClj+NO, 
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whilst others are stable and can be sublimed, 
AuCIg.NOCi (Sudborough, l.c,; Gall and 
Mengdehl, Ber. 1927, 60 [B], 86 ; Rheinbold 
and Wasserfuhr, ibid., p. 732), and with un- 
saturated organic compounds it forms additive 
compounds. With amines it evolves nitrogen 
and forms chlorides : 

RNHa+NOCI-RCl+Nj+HaO 

(Solonina, J. Russ. Phys. Chem. Soc. 1898, 30 , 
431, 449, 606; for action on mercaptans, see 
Tasker and Jones, J.C.S. 1909, 95, 1910). Sul- 
phur trioxide forms nitrosyl sidphovic chloride. 

NOSOgCI. 

Nitrosyl chloride has been used in bleaching 
flour (B.P. 27218, 1908). It may be kept in 
vessels of magnesium alloys (Badische Anilin- u. 
Soda-Fabrik, G.P. 372575, 1921). 

Nitrosyl Bromide, NOBr, is obtained as a 
dark brown liquid, m.p. —40°, density 2*637 at 
20°, (i) by the direct combination of NO and 
bromine at —7° to —15° (Landolt, Annalcn, 
1860, 116 , 177) ; (ii) by the action of sodium 
bromide on nitrososulphuric acid (Girard and 
Pabst, Bull. Soc. chim. 1878, [ii], 80, 531 ; 
Trautz and Dalai, Z. anorg. Chem. 1920, 110 , 
1). It boils at —2° with dissociation, thus 
differing from NOCI, which it resembles in its 
chemical propc^rties. 

Landolt’s dihromide, NOBPg, and Muir’s 
trihromide, NOBrg, are mixtures of the mono- 
bromide with bromine (Frohlich, Annalen, 1884, 
224 , 270), but the melting-point diagram of 
bromine and nitric oxide (Trautz and Dalai, 
l.c.) shows a eutectic of bromine and nitrosyl 
tribromide, a maximum at —40" corresponding 
with NOBrg, and a second eutectic of NOBro 
and NOBr at above —55°. Nitrosyl tribromide 
is a brownish-black, almost opaque liquid, which 
boils with decomposition at 32°, pf 2*637. The 
corresponding iodine compound is unknown. 

Nitrosyl Perchlorate, NO CI04,H20, 
separates in colourless leaflets when “ Ng^s ’’ 
(i.e. NO-f NOg) ifl passed into concentrated per- 
chloric acid (b.p. 140°). It forma addition com- 
pounds with unsaturated carbon compounds 
(Hofmann and Zedwitz, Ber. 1909, 42, 2031). 

Nitrosyl Fluoborate, NO-BF^, is formed 
in colourless crystals on passing “ NgOg ” into 
concentrated fluoboric acid, HBF^ (Wilke- 
DSrfurt and Balz, Z. anorg. Chem. 1927, 159, 
197). 

Nitrosyl Hydrogen Sulphate, NO HSO4, 
also called nitrososulphuric acid, 

S 02 ( 0 H)* 0 N 0 , 

nitrosulphonic acid, NOg’SOgH, “ chamber 
crystals,” etc., was obtained by Clement and 
Desormes (Ann. Chim. Phys. 1806, [i], 59 , 329 ; 
Davy, “ Elements of Chemical Philosophy,” 
1812 ; ” Works,” 1840, Vol. IV, p. 204) by the 
action of nitrous fumes, oxygen, and a regulated 
amount of water on sulphur dioxide ; 

280 j4- N O-f N O 2 + O J5+ H-O 

-2SOa(OH)ONO. 

It is more conveniently obtained by passing a 
mixture of NO and NOg into cooled concen- 


trated sulphuric acid (Weltzien, Annalen, 1860, 
115, 213). but the best method of preparation 
(Weber, J. pr. Chem. 1862, [i], 85, 423 ; Ann. 
Phys. Chem. 1864, 123, 333 ; Berl et al., Z. anorg. 
Chem. 1932, 209, 264) is to pass a slow stream of 
sulphur dioxide into well-cooled fuming nitric 
acid until a pasty mass is formed, and dry the 
crystals on a porous plate in a vacuum desic- 
cator over concentrated sulphuric acid ; 

S02+HN03-S02(0H)0N0. 

It is also formed by passing nitrosyl chloride 
into concentrated sulphuric acid (Tilden, J.C.S. 
1874, 27, 630) : 

N0C1h-H2S04 ;?^ S02(0H) o no+hci. 

Nitrosyl hydrogen sulphate forms white pris- 
matic crystals, m(3lting with decomposition at 
73° and forming the anhydride (O (N 0*0*802)2 
or SgNgOg, which is obtained in other ways 
(v. infra). Nitrosyl hydrogen sulphate is 
violently decomposed by water : 

2S02(0H) 0*N0-f HgO ^ 

2H2S04H-N0f NO2; 

it dissolves in concentrated sulphuric acid and 
in acid not containing more than 35% of water, 
but in more dilute acids it is decomposed (cf. 
Milligan and Gihetto, J. Physical Chem. 1924, 
28. 744). A coiTcsponding nitrosyl hydrogen 
selenate, NO HSe04, is known (Hantzsch and 
Bergncr, Z. anorg. Chem. i 930, 190, 321 ). There 
are no salts ol nitrosyl hydrogen sulphate, and it 
is probably itself a salt [NOJ’f HSOJ'', as is 
indicated by the Raman spectrum (Angus and 
l.»eckio, Trans. Faraday Soc. 1935, 31, 958), the 
deep-blue product of its reduction by metals or 
sulphur dioxide, formerly regarded by Raschig 
(J.S.C.I. 1911, 80, 166) as an acid HgSNOg, 
being [NOHj’fHSOJ'. This is the substance 
formulated by Sabatier (Compt. rend. 1896, 
122, 1417, 1479, 1537; 1896, 123, 255) as 

N0(S03H)2. 

Dinitrososulphuric Anhydride, or Nitro- 
syl Disulphate, S2N2O9, or 0(S04*0*N0)2, 
or (N 0)38207, is formed as a white crystalline 
solid by passing dry nitric oxide into liquid 
sulphur trioxide and warming to the b.p. : 
3803-j- 2 N O = 82N gOg-f* 8O2 ; and by the 
action of sulphur dioxide on nitrogen peroxide 
in a sealed tube : 28O2+3NO2— 82N2O3-I- NO 
(Weber, Ann. Phys. Chem. 1867, 130, 277; 
Hasenbach, J. pr. Chem. 1871, [ii], 4, 1 ; Fried- 
burg, Chem. News, 1883, 47, 52 ; Briner, 
Lunge, and Van der Wijk, Helv. Chim. Acta, 

1928, 11, 1126; Manchot and Schmid, Ber. 

1929, 62 [B], 1261 ; Jones, Price, and Webb, 
J.C.S. 1929, 312). The compound S02(0*N0)2 
could not be isolated. 

Hyponitbous Acid, etc. 

Hyponitrous Acid, HaNjOa-— The exist- 
ence of this acid was surmised by Maumen4 
(Compt. rend. 1870, 70, 147) ; its sodium salt 
was first obtained by Divets (Proc. Roy. Soc. 
1871, 19, 426) by reducing a solution of sodium 
nitrate with sodium amdgam. Divers (J.O.S. 
1899, 76, 95) has given a nearly complete list of 
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yarious methods described for the production 
of hyponitrites, some of which give only traces 
or none at all. 

1. By the interaction of nitrous acid and 
hydroxylamine in solution : 

HONHg+OiNOH = HONiNOH+HgO. 

A nitrite and a hydroxylamine salt in aqueous 
solution (Wislicenus, Ber. 1893, 26, 771 ; Paal, 
ibid., p. 1026), or free hydroxylamine and NgOg 
in methyl alcohol solution (Kaufrnann, q. by 
Hantzsch and Sauer, Annalen, 1898, 299, 67, 
98), may be used. 

Sodium nitrite solution is added to a solution 
of hydroxylamine sulphate and the liquid rapidly 
heated to 60°, when nitrous oxide is briskly 
evolved. Silver nitrate solution is then added, 
when a canary-yellow precipitate of silver 
hyponitrite, AggNgOg should be formed ; unless 
the silver nitrate is added at the right moment 
a dirty yellowish-white precipitate of silver 
nitrite is obtained. 

2. The most satisfactory method of preparing 
a hyponitrite is by the reduction of a concen- 
trated solution of sodium nitrite with sodium 
amalgam (26 g. of sodium in 140 c.c. of mercury), 
the flask being cooled with running water 
(Divers, J.C.S. 1899, 75, 95; modified by 
Partington and Shah, ibid. 1931, 2071 ; 1932, 
2589). The hyponitrite is most stable in 
presence of excess of alkali. After the reduction 
any hydroxylamine formed may be removed by 
adding mercuric oxide and, after neutralisation 
with nitric acid, silver nitrate solution is added to 
the liquid, when AggNgOg is precipitated ; it is 
more convenient, however, to use excess of 
sodium amalgam, when the hydroxylamine is 
reduced to ammonia, which is eliminated by 
evaporation in a vacuum desiccator over con- 
centrated sulphuric acid, when crystals of 
N a 2 N jO a with 5 or 8 H gO separate. These are 
crushed, triturated with absolute alcohol, 
washed with absolute alcohol and ether, and 
dried in a desiccator over concentrated sulphuric 
acid, when a stable white powder of anhydrous 
NagNgOg (p^^ 1*726) is obtained. Magnesium 
amalgam can also be used (Neogi and Nandi, 
ibid. 1928, 1449). 

3. By passing nitric oxide into a solution of 
sodium in liquid ammonia (Joannis, Compt. 
rend. 1894, 118, 716), but Zintl and Harder 
(Ber. 1933, 66 [B], 760) say the product is not 
a true hyponitrite. The action of nitric oxide 
on the sodium compound of pyridine (Weitz 
and VoUmer, ibid. 1924, 57 [B], 1015) has been 
recommended, but the product is contaminated 
by impurities. 

4. By oxidising hydroxylamine with metaUic 
oxides (CuO, HgO, AggO) (Hantzsch andKauff- 
maim, Annalen, 1892, 292, 317), or sodium 
hypobromite (Kolotow, J. Russ. Phys. Chem. 
Soo. 1900, 28, 3; BuU. Soc. chim. 1891, [iii], 
6, 924). 

6. By the alkaline hydrolysis of hydroxyl- 
amine monosulphonio acid, HO’NH’SOgH 
(Divers and Haga, J.C.S. 1899, 75, 77) or p- 
benzene sulphonyl hydroxylamine, 

HONHSOjCeHj 

(Filoty, Ber. 1896, 29, 1559). 


6. By treating sodium hydroxylamine mono- 
sulphonate {v. HYDBOXYnAMiN®, Vol. VI, 
4035) with concentrated or fused alkali ; a 60% 
yield of AgjNjOg is said to be obtained by 
precipitation (Kirschner, Z. anorg. Chem. 1892, 
16, 424 ; Hantzsch and Sauer, Annalen, 1898. 
299, 67 ; Wieland, ibid. 1903, 329, 226) : 

2 H 0 NHS 03 Na + 4Na0H 

==Na2N202+2NaaS03+4H20. 
Divers reports a poor yield by this method, and 
states that reduction of nitrites by aluminium 
amalgam, ferrous hydroxide, or fusion with iron 
filings, is useless. 

Free hyponitrous acid is obtained by treating 
the silver salt with a solution of hydrogen 
chloride in dry ether, and evaporating the filtrate 
in a desiccator. White crystalline leaflets are 
obtained which almost at once decompose 
spontaneously with slight explosion, or otherwise 
by friction or contact with solid potassium 
hydroxide or acid vapours (Hantzsch and 
Kaufrnann, l.c. ; Partington and Shah, I.c.). 
The crystals are too unstable to allow of analysis, 
but the molecular weight from the freezing- 
point of the aqueous solution corresponds with 
the formula HjNgOg. The crystals are readily 
soluble in water and alcohol and are fairly soluble 
in most organic solvents. The acid decomposes 
irreversibly : NgNjOg- NgO-fH^O; small 

amounts of nitric and nitrous acids are also 
formed (Ray and Ganguli, J.C.S. 1907, 91, 1866). 
The heat of formation is 

2 N -f O-f Aq. = H gN gO g,Aq- —57,400 g.-cal. 

(Berthelot, Ann. Chim. Phys. 1889, [vi], 18, 
571). 

Hyponitrous acid and its salts are oxidised to 
nitric acid by bromine and by acid permanga- 
nate : 

5Ng02'+8Mn0/+24H' 

^lONOg'-f 8Mn '-f 12H,0 ; 

sodium amalgam does not reduce them, but the 
free acid is reduced to hydrazine by NaHSOg 
(Brackel, Ber. 1900, 83, 2115). The acid forms 
normal salts MgNgOg and some acid salts 
M'HNgOg, the latter being very unstable 
although Ba(HN 202)2 and NH 4 HN 20 g have 
been obtained. The normal salts are mostly 
obtained by precipitation (Divers, l.c . ; Neogi 
and Nandi, l.c. ; Partington and Shah, l.c.). 
Esters are formed by the ac ion of the iodides on 
silver hyponitrite. The ethyl ester is a yellow 
oil (Zom, Ber. 1878, 11, 1630), the benzyl ester 
a solid (Hantzsch and Kauffmann, l.o.; for 
other esters, see Partington and Shah, l.c.). The 
molecular weights of the esters in solution corre- 
sponds with RgNgOg. On heating they decom- 
pose with evolution of nitrogen and the forma- 
tion of an alcohol and an aldehyde ; 


(CH3CH2)aNgO, 

-CHjCHgOH-fCHsCHO-hjqg 

The salts decompose on heating : 


SNagNgOg^ZNaNOg+ZNagO-hZNg. 
3CaNgOg«2CaO+2NO+N2 
6CaN80g«Ca(N03)2+4Ca0-f4Nj 
(Partington and Shah, J.C.S. 1932, 2589). 
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The formula of hyponitrous acid as the anti- 
form of diazodihydroxide : 

N— OH 

II 

HO— N 


proposed by Hantzsch, is confirmed by the very 
small dipole moments of its esters (Hunter and 
Partington, ibid. 1933, 309). 

Nltramide, N Hj-NOg, is isomeric with hypo- 
nitrous acid but is somewhat more stable, form- 
ing white crystals, m.p. 72° with decomposition : 
NHg'NOg^^NgO-t- HgO. It is formed by the 
action of excess of cold concentrated sulphuric 
acid on potassium nitrocarbamate (Thiele and 
Lachmann, Ber. 1894, 27, 1909; Annalen, 1895, 
288, 267 ; Bronsted and Pedersen, Z. physikal. 
Chem. 1924, 108, 185; Marbea and La Mer, 
J. Amer. Chem. Soc. 1935, 57, 2008 ; Hunter and 
Partington, l.c.) : 



OH 

NHNO 2 


= COg-bNHgNOj 


or (in poor yield) by nitrating potassium imido- 
disulphonate in concentrated sulphuric acid 
and pouring on ice : 


NH(S03K)2-t-3HN0g 

= N(N02)(S03H)2+2KN0g+H20 

N(N02)(S08H)2-h2H20 

= NHaN 02 + 2 HaS 04 . 


Although Hantzsch suggested that nitramide is 
the syn-iBomer of hyponitrous acid (Annalen, 
1896, 292, 340; 1897, 296, 111) he later aban- 
doned this improbable theory (Ber. 1930, 68 [B], 
1270). Thiele and Lachmann (Annalen, 1897, 
296, 100) prefer the formula NH2'N02, which 
is generally accepted, but admit the possibility 
that the substance is the imide of nitric acid. 


HN = N^ 


^OH 


It forms a mercuric salt, HgNNOg, and hence 
has some acidic function. 

Hyponitric Acid, HgNgOa (usually called 
nitrohydroxylamic ctcid), is formed as the sodium 
salt by the action of ethyl nitrate on a solution 
of free hydroxylamine in methyl alcohol in 
presence of sodium methoxide (Angeli, Gazzetta, 
1896, 26, ii, 17 ; “Sammlung chem.- und chem.- 
techn. Vortrftge,” ed. by Ahrens and Herz, 
1908, 18; Malachta, Coll. Czech. Chem. Comm. 
1938, 10, 32) : 

NHjOH+CsHgNOg 

^HO'NHNOg-fCjHgOH. 

The sodium salt Na^N^Og, which forms a 
hydrate with 1 HgO, is fairly stable, but on 
acidification the free acid instantly decomposes 
with evolution of nitric oxide : 

H2N2O8-H2O+2NO. 

The existence of HgNgOg as an intermediate 
stage in the oxidation of NHgOH by per- 
manganate was suggested by Thum (MonatsL 
1893, 14, 303). 


Hydronitrous Acid, HgNOg, is known as 
a deep yellow sodium salt, NUgNOg, exploding 
in contact with moist air, obtained by the 
action of sodium on sodium nitrite in liquid 
ammonia (Maxted, J.C.S. 1917, 111, 1016; 
Zintl and Kohn, Bor. 1928, 61 [B], 189). 

Nitric Acid. 

Nitric acid, HNO3, is, after ammonia, the 
oldest kno^\^l nitrogen compound. It has been 
supposed that the ancient Egyptians used it 
to dissolve silver (J. R. Partington, “ Origins 
and Development of Applied Chemistry,” 
l^ongmans, 1935, p. 149). It is described in 
the Latin works ascribed to Geber, which were 
probably written about 1150, and in the “ Pro 
Conservanda Sanitate ” (Maintz, 1531) of Vital 
du Pour (died 1327), cjompiled from older 
sources, in which its preparation by distilling 
saltpetre {sal petr^e) with green vitriol {corprossa) 
is mentioned. It was well known to the al- 
chemists from the fourteenth century (H. 
Kopp, “ Geschichte der Chemie,” 1845, Vol. HI, 
p. 219; Guttmann, J.S.C.I. 1901, 20, 5), who 
obtained it by several wasteful processes, most 
of whieh feature in recent patent specifications, 
and called it aqua dissolutiva, aqua acutiSf or 
aquafortis. It was used in the sixteenth century 
for parting gold and silver, and hence was 
called chrysulca or “ eau de d6part ” (Bude, 
1516). The concentrated fuming acid (called 
spirilus niiri acidus, spiritus nitri fumons 
Glauheriy etc.) was prepared by Glauber about 
1658 by the satisfactory method of distilling 
saltpetre (nitre, KNO3) with concentrated sul- 
phuric acid. The composition of nitric acid 
was investigated by Lavoisier in 1776 (“ Oeu- 
vres,” Vol. II, p. 129), who found that it could 
1)6 formed by the oxidation of nitric oxide, but 
it was Cavendish in 1785 (Phil. Trans. 1785, 75, 
372) who first showed that it contained oxygen 
and nitrogen, since potassium nitrate was found 
by sparking a mixture of these two gases in con- 
tact with potash solution. The quantitative 
composition was established by Gay-Lussac 
(Ann. Chim. Phys. 1816, [ii], 1, 394; T. M. 
Lowry, “ Historical Introduction to Chemistry,” 
Macmillan, 1915, p. 197). 

Nitric acid is formed by electrical discharges 
in the atmosphere, and by the oxidation of 
nitrogenous organic matter by bacteria in the 
soil in the presence of bases (p. 544a), and it 
occurs as !^ngal saltpetre (KNOg) and Chile 
saltpetre (NaNOg). It is formed by the action 
of suitable oxidising agents on ammonia {v. 
Nitrogen, Atmospheric, Utilisation op, this 
Vol., p. 544a), and on less oxidised compounds 
of nitrogen, and by electrolytic and biochemical 
oxidation. 

On the small scale, nitric acid is made by dis- 
tilling equimolecular amounts of potassium or 
sodium nitrate with concentrated sulphuric acid 
in a stoppered retort : 

KN Og-f- H aS04- K H SO^-f H N O3. 

Ammonium nitrate reacts peculiarly with con- 
centrated sulphuric acid (Pelouze, Ann. Chim. 
Phys. 1841, [fi], 2, 47) ; when the dry nitrate is 
heated with excess of concentrated sulphuric 
acid at 90-120° nitric acid dist^, but at 160° 
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the sole products are nitrous oxide and water, 
no nitric acid being formed. 

When the distillation of the sodium or potas- 
sium nitrate with sulphuric acid is carried out in 
a stream of carbon dioxide a 98% acid can be 
obtained. Fractional crystallisation of the acid 
gives a 99-4 0*1% acid. Absolute nitric acid 
exists only in the form of snow-white crystals, 
m.p. —-41° (Biltz and Hiilsmann, Z. anorg. Chem. 
1932, 207, 377) or -41-5° (Briner, Susz, and 
Favarger, Helv. Chim. Acta, 1935, 18, 375). 
On melting these, a yellow liquid results, which 
is a solution of a little nitrogen pentoxide and 
water in nitric acid: 2HN03^ N205-bH20 
(Kiister and Munch, Z. anorg. Chem. 1905, 
43, 360). 

The most concentrated liquid a(‘id is prepared 
by repeatedly distilling ordinary pure con- 
centrated nitric acid with its own (or twice) its 
volume of concentrated sulphuric acid in an all- 
glass vacuum aj)paratu8 protected from light 
(Velev and Manhy, Phil. Trans. 1898, 191, 
365 ; V- L. Meyer, Bor. 1889, 22, 23 ; Mischt- 
schenko, J. Appl. Chem. Russia, 1929, 2, 521 ; 
Lulidemann, Z. physikal. Chern. 1935, 29, 133). 

The freezing-point diagram (Fig. 7) shows two 



maxima corresponding with the crystal hydrates, 
HN03,H20(-38°)and HNOs,3H20 (-18-5°), 
and three minima corresponding with the 
eutectic mixtures (1) ice-f HN03,3H 20 (—43°), 

(2) HN03,3H20+HN03 ,Hj 0 (-42°), and 

(3) HN03,H26+HN0g (-66°) (Pickering, 
J.C.S. 1893, 63 , 436; Kiister and Kremann, 
Z. anorg. Chem. 1904, 41 , 1). The existence of 
solid hydrates of nitric acid was recognised by 
Cavendish from experiments by McNab at 
Hudson Bay (Phil. Trans. 1786, 76 , 241 ; 1788, 
78 , 166). Other solid hydrates, formulated as 
N(0H)3, 0[N(0H)J2 and 0[N0(0H)2]2 
(Erdmann, Z. anorg. Chem. 1902, 32 , 431 ; Z. 
angew. Chem. 1903, 16 , 1001), are not shown on 
the freezing-point diagram; the existence of 
N(0H)5 in solution has been inferred from 
the refractive indices (Veley and Manley, Proc. 
Roy. Soc. 1901, 68 , 128; 1901, 69 , 86; J.C.S. 
1903, 88 , 1016) and absorption spectra (Hartley, 
P^oc. Roy. Dublin Soc. 1906, [ii], 10 , 373), but 
the evidence is insufOicient (Kiister and Kre- 
mann, Lc . ; Kiister, Z. angew. Chem. 1903, 16 , 
1079). The hydrate HN08,HaO might be 
formulated H5NO4 or 0<~N(OH)3, analogous 


to orthophosphoric acid. The Raman spectra 
(Dadieu and Kohlrausch, Naturwiss. 1931, 19, 
690) indicate that aqueous solutions of nitric 
acid contain a considerable amount of the 
pseudo-form HO NOg, and the pure acid is 
exclusively this, the ionic form H+NO3" being 
progressively formed on dilution. No evidence 
of the presence of the nitroniurn nitrate form 
[N0(0H)2]N03, postulated by Hantzsch and 
Berger (Bor. 1928, 61 [B], 1328), was found, 
the NO3' frequency being absent. 

The density of “ 100% ” nitric acid (^4^ ^) is 
1*503 (Briner, Susz, and Favarger, Helv. Chim. 
Acta, 1935, 18, 375) and of 99-97% acid (pf) 
1-50269 (Liihdemann, Z. physikal. Chem. 1936, 
B, 29, 133). The densities of solutions of 
different concentrations at different tempera- 
tures have been determined by several in- 
vestigators (Lunge and Rey, Z. angew. Chem. 
1891, 165; Veley and Manley, Lc., and J.S.C.I. 
1903, 22, 1227; Bousfield, J.C.S. 1915, 107, 
1406). 

The following table is constructed from Lunge 
and Rey’s values : 


Pi • 

HNO 3 . %. 

p4 . 

HNO 3 , %. 

1-00 

010 

1-30 

47-49 

1-05 

8-99 

1-35 

55-79 

I-IO 

1711 

1-40 

65-30 

1*15 

24-84 

1-45 

77-28 

]-20 

32-36 

1-50 

94-09 

1*25 

39-82 

1-52 

99-67 


The density of N-HNO 3 (63-13 g. per 1.) at 18° 
is 1-0324 (I^omis, Ann. Phys. Chem. 1897, fiii], 
60, 523) and at 18-6° 1-0318 (Kohlrausch, ibid. 
1886, [hi], 26, 161). Bousfield gives for 18° : 

N- 1 i 4 8 A 

1-0324 1-0156 1-0072 1-00293 1 00080 0-99973 

The density of concentrated nitric acid con- 
taining N2O4 (“ fuming nitric acid ”) increases 
with the weight percentage of NgO^ to 42-5%, 
when it reaches a maximum ; this corresponds 
with the composition HN03,N02, and the 
reciprocal solubility of nitric acid and nitrogen 
peroxide at different temperatures is said (Pascal 
and Gamier, Bull. Soc. chim. 1919, [iv], 25, 
309 ; c/. Bousfield, J.C.S. 1919, 115, 45 ; Lowry, 
Lloyd, and Lloyd, ibid, 1936, 10) to indicate 
that this is a definite compound stable below 
—48*6° but dissociating above this temperature 
with liberation of N 2O4, 

The thermal expayision of dilute (Forch, Ann. 
Phys. Chem. 1896, [iiij, 55, 100; Ostwald, J. 
pr. Chem. 1877, [ii], 16, 386) and concentrated 
(Kiister and Kremann, Lc.) solutions has been 
studied; in concentrated solutions the expan- 
sion-concentration curve shows two breaks at 
64-0% HNOg (HN08,3H20) and 77*77% 
HNOj (HN03,H20), corresponding with the 
compositions of the solid hydrates. 

The viscosity of “ 1()0% ” nitric acid at 
24*9° is 17 «0*0076 poise. The viscosities of 
aqueous solutions ((Jraham, Phil. Trans, 1861, 
151 , 373 ; J.C.S. 1862, 15 , 427 ; PaggUani and 
Oddoue, Atti Acoo4« Torino, 1887, 22, 314; 
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Reyher, Z. physikal. Chem. 1888, 2, 744 ; 
Kiister and Kremann, Z. anorg. Chem. 1904, 
41, 1 ; Bousfield, J.C.S. 1915, 107, 1781 ; Bing- 
ham and Stone, J. Physical Chem. 1923, 27, 
701 ; Rhodes and Hodge, Ind. Eng. Chem. 1929, 
21, 142) of various concentrations at various 
temperatures have been determined. Bingham 
and Stone found (in centipoises) ; 


wt. % . 

12-65 

25-28 

38-05 

52-13 

62-66 

10“ . . 

1-329 

1-500 

1-842 

2-390 

2-647 

20“ . . 

1-057 

1-210 

1-509 

1-883 

— 

40° . . 

0-724 

0-848 

1-033 

1-286 

1-369 

Wt. % . 

69-86 

77-24 

88-34 

99-19 


10“ . . 

2-609 

2-487 

1*790 

1-070 


20“ . . 

2-039 

1*952 

1-452 

0-913 


40“ . . 

1-356 

] -312 

1-025 

0-698 



Bousfield, for solutions of normality N., found 
(in centipoises ; ri for water at 18°=1*0514 conti- 
poise) : 


N. 

4“ 

11“ 

18° 

25° 

1 

1-5487 

1-2807 

1-0731 

0-9176 

i 

1-5513 

1-2684 

1-0590 

0-9011 


1-5552 

1-2655 

1-0546 

0-8969 


1-5586 

1-2651 

1-0519 

0-8943 


1-5605 

1-2663 

1-0525 

0-8927 

itSr 

1-5630 

1-2672 

1-0528 

0-8920 


There is a maximum viscosity at about 65% 

HNO3. 

The surface tension, y, in dynes per cm. of 
pure nitric acid is: 11-6° 41-30, 46-2® 35*95, 
78*2° 31-46 (Aston and Ramsay, J.C.S. 1894, 65, 
167), and those of solutions at 20° (Jahnke, 
Dissert. Heidelberg, 1909, quoted in Beibl. 
Ann. Physik, 1910, 84, 519) : 

Wt. % HNO3 7-35 9 22 87 60 70 

y . . . . 73-10 72-70 71-48 68-10 65-43 59-36 


The boiling-point of the purest nitric acid is 
86° with decomposition, or 21-5° at 24 mm. 
(Erdmann, Z. anorg. Chem. 1902, 82, 431 ; 
Berl and Samtleben, Z. angew. Chem. 1922, 85, 
201). The solution in water has a maximum 
boiling-point: 120‘6° at 736 mm. (68-0% 
HNOs); at 1,220 mm. the azeotropic solution 
contains 68-6% of HNO3 (Roscoe, Annalen, 
1860, 116, 203 ; J.C.S. 1861, 18, 146). Although 
the azeotropic solution at 1 atm. pressure (first 
investigated by Dalton) corresponds approxi- 
mately with 2HN03,3H20, it is not a definite 
compound. By passing an indifferent gas 
through the acid at ordinary temperature 
residues differing widely in composition are 
obtained. 

The vapour pressures of nitric acid solutions 
and the boiling-points under various total 
pressures have often been investigated (Saposh- 
nikoff, Z. physikal. Chem. 1905, 68, 226 ; Creigh- 
ton and Githens, J. Franklin Inst. 1916, 179, 
161 ; Creighton and Smith, ibid. 1916, 180, 703 ; 
Sproesser and Taylor, J. Amor. Chem. Soc. 1921, 
43, 1782; Taylor, Ind. Eng. Chem. 1925, 17, 
633 ; Perry and Davis, Chem. Met. Eng. 1934, 
41, 188; Wilson and Milos, Trans. Faraday 
Soc. 1940, 86, 356 ; Forsythe and Giauque, 
J. Amer. Chem. Soc. 1942, 64, 48, 3069 ; 1943, 
65, 2479). 

The following table is compiled from Taylor’s 
figures. A is the partial pressure in millimetres 
of HNO3 and B the partial pressure in miUi- 
metres of HgO in the vapour in equilibrium 
with liquid acid of weight-% HNOg shown on 
the left. The sum of A and B gives the total 
vapour pressure. A hyphen shows that the 
partial vapour pressure is inappreciable ; 
blank spaces indicate that no values were 
determined. 


% HNO3. 

0“. 

15“. 

25“. 

40°. 

60°. 

80°. 

100°. 

115°. 

125“C. 

20.4 


. 

. 

. 

. 

0-53 

1-87 



£ 

4-1 

10-9 

20-6 

47-5 

128 

307 

675 



ZO A 

- 

- 

- 

0-11 

0-51 

1-87 

6*05 



B 

3-6 

9-7 

17-8 

41 

113 

267 

580 



40 A 

- 

~ 

0-12 

0-36 

1-48 

5 1 

15-5 

32-6 


B 

3 

8 

14-6 

33-5 

90 

218 

480 

810 


60 A 

0-19 

0-59 

1-21 

3-10 

9-9 

27-5 

69-5 

126 

187 

B 

1-5 

4-1 

7-7 

18*1 

51 

126 

286 

495 1 

700 

70 A 

0-79 

2-18 

4-10 

9-65 

27-] 

67-5 

162 

262 

372 

B 

1-1 

3 

5-5 

12-8 

35-3 

86 

192 

330 

469 

SO A 

2 

6 

10-5 

24-5 

67 

158 

SSO 

545 


B 

- 

1-7 

3-2 

7 

20 

48 

108 

186 


90 A 

5-5 

15 

27 

62 

157 

338 

676 



B 

- 

- 

1 

2-4 

6-5 

16 

35 



100 A 

11 

30 

57 

133 

320 

625 





In mixtures of concentrated nitric and sul- 
phuric acids the vapour pressure rises to a 
maximum and then falls with increasing per- 
centage of HNO3. With HNOg of p 1-40 the 
maximum (23*6 mm.) is with 45% of HNOg, 
and with HNO3 of p 1*48 the maximum (34 
mm.) is with 67% of HNOg. With the pure 
acids the value rises steadily to 41 mm. with 
86% of HNOg, remains constant up to 92% of 
HNOg, and then rises to 46 mm. with pure 
HNOg. These values are at 16° (Saposhnikov, 
Z. physikal. Chem. 1904, 49, 697; 1905, 51, 
609 ; 1905, 58, 226). Pascal (Compt. rend. 1917, 


165, 689 ; Pascal and Gamier, Ann. Chim. 1921, 
[ix], 15, 263 ; P. Pascal, “ Trait5 de Chimie 
min6ralo,” Masson, Paris, 1932, 8, 242) has 
studied the vapour pressures of the system 
SOg-NgOg-HjO and represented them on a 
triangular diagram. 

The specific hecUs of solid and liquid HNOg 
and the two hydrates (Forsythe and Giauque, 
J. Amer. Chem. Soc. 1942, 64, 48; 1943, 65, 
2479) at various temperatures (g.-cal. per g.- 
mol.) are shown in the Table below ; the meltim- 
points are: HNOg 231-61° K., HNOg,H20 
286-48° K., HNO,,3HgO 254-68° K., and 
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above these temperatures the substances are 
liquid: 

T, •’K 20 40 80 300 150 

HNO 3 .... 1*238 4*468 8*826 10*06 12*87 

HNOj.HzO . . 1*228 4*708 10*37 12*34 15*87 

HN03,3H20 . . 2*009 7*826 17*06 20*37 27*12 

T, 200 250 270 300 

HNO 3 .... 14*70 26*05 26*51 26*24 

HN03,H20 . . 18*77 43*19 43*41 43*62 

HN03,3H20 . . 33*22 40*01 76*94 77*80 

The laievt heat of /vision of HNO3 is 2,603 g.- 
cal.perg.-mol., of H N03,H20 4,184g.-cal.perg.- 
mol., and of HNOgjSHgO 6,964 g.-cal. per g.* 
mol. (Forsythe and Giauque, l.c.). The latent 
heai of evaporation of H N Og is approximately 
7,260 g.-cal. per g.-mol. at the boiling-point 
(l^rthelot, Ann. Chim. Phys. 1877, [v], 12, 
629), or about 9,355 g.-cal. per g.-mol. at 25‘’c. 
(Wilson and Miles, Trans. Farsiday Soc. 1940, 
36, 366). The entropy of liquid HNOg at 25°o. 
is 37*19 g.-cal. per g.-mol. per degree, and of the 
gas 63*6 g.-cal. per g.-mol. per degree at 25°o. 
and 1 atm. (Forsythe and Giauque, l.c.). 

The specific heats of nitric acid solutions, with 
n mol. of HNO3 to 1 mol. of HgO, at 20° 
(Pascal and Gamier, Bull. Soc. chim. 1920, [iv], 
27, 8) are : 


n 10*0 25*57 40 60*52 

G.-cal. per g. . . 0*900 0*787 0*699 0*637 

n 81*80 92*15 98*16 

G.-cal. per g. . . 0*576 0*500 0*476 


The specific heats c g.-cal. per g. of more dilute 
solutions were measured by Marignao at 21-62° 
(Ann. Chim. Phys. 1876, [v], 8, 410) and J. 
Thomsen at 18° (“ Thermochemische Unter- 
suchungen,” Leipzig, 1882, Vol. I, p. 38) : 


n 

5 

10 

12*5 

20 

c 

. 0*72122 

0*7681 

0*80432 

0*8491 

n 

25 

50 

100 

200 

e 

. 0*87522 

0*9301 

0*92732 

0*9631 

0*96182 

0*9821 


n«=no. of mol, of H2O per mol. of HNO3 ; 1 Thom- 
sen, 2 Marignac. 


The heal of dilviion (g.-cal. evolved) for 1 g.- 
mol. of HNOg in 71 g.-mol. of water is given by 
the formula 8,974?? /(Tt-f- 1*737) (J. Thomsen, 
“ Thermochemische Untersuchungen,” Leipzig, 
1883, Vol. Ill, p. 34 ; cf. Richards and Rowe, 
J. Amer. Chem. Soc. 1921, 48, 779; Rossini, 
J. Res. Nat. Bur. Stand. 1931, 6, 791 ; 1931, 7, 
47 ; Forsythe and Giauque, l.c., who calculate 
7,971 g.-cal. per g.-mol. to infinite dilution 
from their experiments). 

The heat of formation (evolved) of nitric acid in 
aqueous solution H + N -f 30-f Aq. « H N O,, Aq. 
is 49,090 g.-cal. (Thomsen, op. cit,, 1882, Vol. II, 
p. 199 ; Aq.*a300H jO) or 48,800 g.-cal. (Berthe- 
lot, “ Thermoohimie,” Gauthier- Viliars, 1897, 
Vol. II, p. 107) from which, by subtracting the 
heat of solution, 7,480 g.-cal. (Thomsen) or 
7,180 g.-cal. (Berthelot), the heat of formation 
of the pure liquid acid H-f* N+30»*HN0g, 
is found to be 41,610 g.-cal, (Thomsen) or 41,620 
g.-cal. (Berthelot). From the data of Roth and 
Becker (Z. Elektrochem. 1934, 40, 836), Forsythe 
and Giauque (l.c.) calculate 41,349 g.- \l., and 
for the amUable energy (G=« E—T8+P I change 
at 25^0. 2lG«**-ll,639 g.-cal. 


The refractive indices of concentrated nitric 
acid at 20° (Briihl, Z. physikal. Chem. 1897, 22, 
373) are : 

pf. D. Bp. By. 

1*60999 1*39584 1*89309 1*40267 1*40874 

1*50875 1*39687 ] *39407 1*40368 1*40938 

The refractive indices of solutions show a maxi- 
mum value (1*4061 at 14*2° for D line) fir 70% 
H N Og, the values for 50% and 99% acids being 
practically identical (Veley and Manley, Proc. 
Roy. Soc. 1901, 68, 128; 1901, 69, 86). Nitric 
acid of concentration above 65% is decomposed 
by light and becomes yellow : 

4HN08;F^2Ha0+4N02-f02 

(Berthelot, Compt. rend. 1898, 127, 143; Veley 
and Manley, Phil. Trans. 1898, 191, 366). Only 
the vapour is decomposed, the liquid acid in a 
completely filled bottle remaining colourless. 
The reaction is reversible, the products of decom- 
position recombining in the dark. The an- 
hydrous (100%) acid decomposes in the dark 
(Reynolds and Taylor, J.C.S. 1912, 101, 131). 

The mass magnetic susceptibility of nitric acid 
is 0*306 X 10“® c.g.s. units (Schaffer and 

Taylor, J. Amer. Chem. Soc. 1926, 48, 843). 

The elecPrical conductivity, k, in ohm~^ cm.“^ of 
nitric acid solutions of concentrations c g.-mol. 
per 1. at 25° is (D. F. Smith, ibid. 1923, 45, 362 ; 
cf. Kohlrauflch, Ann. Phys. Chem. 1886, 26, 
161 ; Arrhenius, Z. physikal. Chem. 1889, 4, 96; 
Loomis, Ann. Phys. Chem. 1897, 60, 547 ; Veley 
and Manley, Proc. Roy. Soc. 1897, 62, 223; 
Kiister and Kremann, Z. anorg. Chem. 1904, 
41, 1) : 

c . . 0*3007 0*5195 1*0105 2*5110 3*3462 

K . . 0*1112 0*1860 0*3336 0*6514 0*7686 

Veley and Manley found two irregularities in the 
conductivity-concentration curve at 25 and 
60 mol.-% HNOg, corresponding with the 
hydrates HNOgjSHgO and HN 03 ,H 20 , and 
a third at 96-100 mol.-%, perhaps corresponding 
with the formation of NgOg. Nitrates increase 
the conductivity of concentrated nitric acid in 
proportion to the amount dissolved (Bouty, 
Compt. rend. 1888, 106, 595, 664). The equi^ 
valent conductivity A~kv ohm^^ cm.- at 26° 
(t;=dilution in 1. per g.-equiv.) is (Hlasko and 
Klimowski, Bull. Acad. Polonaise 1932, A, 267 ; 
cf. Kohlrausch and Grotrian, Aim. Phys. Chem. 
1876, 164, 1, 216; Noyes el al., Z. physikal. 
Chem. 1910, 70, 335) : 

» . . 2 8 32 128 612 2,048 00 

A . . 347*2 380*7 897*9 408*2 414*8 418*9 425*9 

The temperature coefficient of .di is 0*016 at 
18-100° (Arrhenius, l.c.). 

The transport number of NO-' in 0 * In- HNOg 
at 25° is 0*1659 (Maclnnes ana Cowperthwaite, 
Trans. Faraday Soc. 1927, 28, 400) and the 
mobility of NOg' at infinite dilution at 25° is 
71*42 ohm”^ cm.* (Maclnnes, Shedlovsky, and 
Longsworth, J. Amer. Chem. Soc. 1932, 64, 
2678; StonehiU, J.C.S. 1943, 647). 

The freezing-points of nitric acid solutions 
(Jones, Z. physikal. Chem. 1893, 12, 623 ; Jones 
and G^man, Amer. Chem. J. 1902, 27, 433; 
Noyes and Falk, J. Amer. Chem. Soc. 1910, 82, 
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1011; Abel, Redlich, and von Lei^gyel, Z. 
physikal. Chem. 1928, 132, 189) and the corre- 
sponding calculated activity coefficients^ y, at the 
freezing-point are ; 


m 

. 0005 

0*01 

0*05 

0*1 

0*5 

eim . 

. 3-63 

3*60 

3*516 

3*494 

3*498 

y- • 

. 0-930 

0*905 

0*827 

0*784 

0*708 

m 

. 1-0 

2*0 

3*0 

4*0 


$lm . 

. 3 005 

3*861 

4*143 

4*442 


y* • 

. 0*706 

0*759 

0*845 

0*959 



Cm — molality (g.-mol. of HNO 3 per 1,000 g. of HjO). 
^ — freezing-point depression, 0 /m-inolal depression.) 


The values of y calculated for 0° and 25° from 
freezing-point measurements (Hartmann and 
Rosenfeld, Z. physikal. Chem. 1933, 164, 377) 


are 






7n 

. . 0*001 

0-01 

0*0.5 

0*1 

0*5 

dim 

. . 3*67 

3*60 

3*519 

3*492 

3*496 

VO 

. . 0*966 

0*905 

0*828 

0*791 

0*715 

yis 

. . 0*966 

0*905 

0-828 

0-791 

0*720 

m 

. . 1*0 

2*0 

3-0 

4-0 

5*0 

6/m 

. . 3*640 

3*864 

4*14.5 

4*430 

4*708 

yo 

. . 0*714 

0*780 

0*882 

0*966* 

1*097* 

y25 

. . 0-724 

0*793 

0*909 



* 

Atf.p. C»i = 4, 6 

= -17*718° ; m- 

11 

1 

23-538°). 


The activity coefficients calculated from the 
e.m.f. of the quinhydrone electrode in nitric 
acid, suitably corrected (Stonehill, J.C.S. 1943, 
647) are practically the same as those for 
hydrochloric acid at the same concentrations. 

The nitric acid molecule is planar (Maxwell 
and Mosley, J. Chem. Physics, 1940, 8, 738; 
Forsythe and Giauque, J. Amer. Chem. Soc. 
1942, 64, 48) and the general shape is a triangular 
NOs with distances N to O of 1*22 a. in the 
unshared oxygens and 1*41 a. for N to the O 
of the OH radical. The O to H distance is 
0*96 A. The O-N-O angle is 130° for the 
unshared oxygens and 115° between the N to 
shared O bond and the other two. The NOg' 
ion in crystals of nitrates is also planar (Elliott, 
ibid. 1937, 59, 1380) with the N— O distance 
1*21 A. The H N O 3 molecule is best interpreted 
as a resonance hybrid between the two forms 
(L. Pauling, “ The Nature of the Chemical 
Bond,” Ithaca, N.Y., 1940, p. 209) : 

H— O— Nf Nn— O— H 

The chemical properties of nitric acid may be 
summarised by the statement that it is at the 
same time a strong acid and, at least when con- 
centrated, a strong oxidising agent. The usual 
methods (rates of hydrolysis of methyl acetate 
and inversion of cane sugar, freezing-point 
lowering and conductivity) show that it is a 
very strong acid. For this reason it has a high 
heat of neutralisation, 13,680 g.-cal. with 
sodium hydroxide and 13,770 g.-cal. with 
potassium hydroxide (J. Thomsen, “ Thermo- 
chemistry,” Longmans, 1908, p. 116), or at 
infinite dilution 13,705 g.-cal. for sodium 
hydroxide and 13,700 g.-cal. for potassium 
hydroxide (Richards and Rowe, J. Amer. 
Chem. Soc. 1922, 44, 684). The heal of ionisa- 
tion for v (kg. containing 1 g.-moL of HNO») 

1*6-6 is 2,800 g.-cal. (Petersen, Z. physikal. 
Chem. 1893, 11, 174) and for t;»10 it is 1,362 


g.-cal. (Arrhenius, ibid. 1888, 4, 96; 1892, 9, 
339). 

Nitric acid is readily soluble in ether, in which 
it has a normal molecular weight, and the distri- 
bution coefficient between ether and water has 
been determined (Bogdan, Z. Elektrochem. 1906, 
11 , 824 ; 1906, 12, 489 ; Hantzsch and Sebaldt, 
Z. physikal. Chem. 1899, 30, 285). All normal 
metalhc nitrates are soluble in water and there 
is practically no tendency to complex forma- 
tion. Some basic salts are sparingly soluble. 
Some acid salts, e.g., NH4N03,HN03 and 
NH4N03,2HN03, and the corresponding 
potassium salts, are known (Grose huff, Ber. 
1904, 37, 1486). 

In its oxidising actions^ nitric acid is capable of 
reduction to HNOg, NOg, NO, NgO, HgNgOg, 
hydroxylamine, nitrogen, and ammonia, and 
the reactions with metals may be systematised 
by postulating an ionisation of HNO 3 
hypothetical hydrates to give OH' ions and 
cations which lose positive charges to the metal 
(W. Ostwald, “ Principles of Inorganic Chem- 
istry,” Macmillan, 1904, p. 638) : 

HNO 3 NOg'-fOH' -> NOa+OH' + © 

^NO,H**-f20H' HNOo + 20H'-f2® 

N 0 ( 0 H) 3 (^ 

^NO'-*-f30H' N0+30H'-f2® 

xNOH---*-|-40H' -> iH2N202-{-40H'+4® 
-fSOH' INg+SOH'+S© 

The oxidation potential is lowered by the 
presence of nitrous acid, which, however, 
catalytically increases the rate of oxidation 
(Ihle, Z. physikal. Chem. 1896, 19, 577 ; Elling- 
ham, J.C.S. 1932, 1566) ; in the electrolysis of 
the acid between platinum electrodes there are 
two alternative reactions, (a) reduction to 
nitrous acid, and (6) evolution of hydrogen, of 
which (a) is strongly autocatalytic. 

Nitric acid is not affected by hydrogen gas at 
ordinary temperatu es or at 100° (Bert helot, 
Compt. rend, 1898, 127, 27), but is reduced by 
it to ammonia in presence of platinum sponge 
(Wagner, Dinglers Polytech. J. 1867, 183, 76). 
The concentrated acid on shghtly warming 
oxidises boron to boric acid with evolution of 
NO and nitrogen, carbon to carbon dioxide, and 
in the cold if finely divided, phosphorus to phos- 
phorous acid and finally to phosphoric acid 
(when according to Montemartini, Gazzetta, 
1898, 28, i, 397, ammonia is also produced). 
Sulphur is oxidised to sulphuric acid with great 
readiness if finely divided, selenium to selenious 
acid, and iodine to iodic acid. In these reactions 
NO and NOg are evolved. Hydrides are also 
oxidised : phosphine readily, hydrogen sulphide 
only if NOg is present (acid of p 1*18 free from 
NOg has no action: Kemper, Annalen, 1867, 
102, 342), hydrogen selenide violently (Hof- 
mann, Ber. 1870, 3, 660). Hydrogen bromide at 
0° forms bromine and NOg, hydrogen iodide 
yields iodine and N O ( H N Og in dilute solution, 
Eckstadt, Z. anorg. Chem. 1901, 29, 61) and 
fuming nitric acid may inflame gaseous HI 
(Hofma n). Hydrochloric add forms NOCl 
and Cl 

Sulpl ir dioxide reduces HNO3 i^ctdily, some 
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NjO being formed. In presence of dilute sul- 
phuric acid reduction is BtiU more readily 
effected, with evolution of NO, and in presence 
of concentrated sulphuric acid nitrosyl hydrogen 
sulphate, NO HSO4, is formed: this is pro- 
duced if sulphur dioxide is passed slowly into 
well-cooled concentrated nitric acid (Weber, 
Ann. Phys. Chem. 1867, 130, 277 ; see p. 532r). 
Ferrous salts yield N O, stannous salts hydroxyl- 
amine and ammonia, arsenic trichloride and 
trioxide form arsenic acid, and antimony tri- 
chloride forms antimony pentoxide. 

The action of nitric acid on metals is complex. 
All metals, except pure aluminium, gold, niobium, 
tantalum, rhodium, iridium, and platinum, are 
attacked by nitric acid of various concentrations. 
Some metals commonly dissolved, e.g.^ iron, may 
become “ passive ” in concentrated nitric acid, 
the rate of solution being then reduced to a 
small value, and, conversely some metals not 
alone attacked may dissolve along with another 
metal in an alloy or amalgam, e.g., an amalgam 
of 4*64% of platinum and 95-35% of mercury is 
completely soluble (Tarugi, Gazzetta, 1903, 33, 
ii, 171). 

The action is more rapid when the metal is at 
rest in the acid than when it is rotated rapidly, 
which indicates that nitrous acid accumulating 
around the metal as a result of the attack by 
the acid exerts an autocatal3rtic action (Veley, 
J.C.S. 1889, 55, 361 ; Hedges, ibid. 1930, 561). 

The result of the action is the nitrate of the 
metal, except in the cases of tin, arsenic, anti- 
mony, molybdenum, and tungsten, when an 
oxide is formed, and the nitric acid is reduced to 
various products {see above). 

With less reactive metals (copper, silver, 
mercury, bismuth) reduction proceeds only to 
the stage of nitrous acid or oxides of nitrogen ; 
with more reactive metals (magnesium, zinc, 
cadmium, tin, manganese, iron, cobalt, and 
nickel) reduction proceeds to the stages of 
nitrogen, hydroxylamino, and ammonia, perhaps 
as a result of reduction by hydrogen as a 
primary product. Magnesium and manganese 
with cold, very dilute, nitric acid evolve hydro- 
gen. Zinc and very dilute acid give ammonia ; 
with tin, hydroxylamine is one of the products 
(Divers, ibid. 1883, 43, 443, 455). The products 
with a given metal may depend on the concen- 
tration of the acid (which changes during 
reaction), thf temperature, and the accumulation 
in solution of the products of reaction ; with zinc 
in intermediate concentrations nitrous oxide and 
nitrogen may be formed in considerable amounts, 
and although the chief product of the action 
of dilute nitric acid on copper is nitric oxide, 
nitrogen peroxide (NOj) is formed with con- 
centrated acid, and with acid of moderate con- 
centrations the later portions of gas evolved 
with copper may contain nitrous oxide and 
nitrogen (Montemartini, Gazzetta, 1892, 22, i, 
250, 277, 384, 397, 426 ; Atti R. Aocad. Ldncei, 
1892, [v], 1, i, 63 ; Walker, J.C.S. 1893, 68, 845 ; 
Stillmann, J. Amer. Chem. Soc. 1897, 19, 711 ; 
Freer and Higley, Amer. Chem. J. 1899, 21, 
377 ; Bijlert, Z. physikal. Chem. 1899, 81, 103 ; 
Gladstone, Phil. Mag. 1900, [v], 50, 231 ; 
Stansbie, J.S.C.L 1908, 27, 366; 1909, 28. 268; 
Rennie, Higgin, and Cooke, J.C.S. 1908, 98, 


1162; Dunstan and Hill, ibid. 1911, 99, 1853) 
Armstrong and Acworth (ibid. 1877, 82, 54; 
Ellingham, ibid. 1932, 1565; cf. Evans, Trans. 
Faraday Soc. 1944, 40, 120) supposed that in all 
cases nascent hydrogen is the first product of the 
action : 

Mii-|-2HN03-M”(N03)2-f.2H 
and then reduces the excess of nitric acid : 

HN03+2H = HN02+H20 
2HNO34 8H-H2N2O2+4H2O 
HNO3+6H-NH2OH + 2H2O 
HN03+8H = NH3-f3H20. 

The reduction products may then undergo 
reactions to form other products : 

3HNO2-HNO3-I-2NO+H2O 

2HNO2-N2O3+H2O 

HoNgOg-NaO-f HoO 
HNO2+NH3-N2+2H2O 
H N O 2 4 N H 2O H N 2O + 2 H 2O . 

(The objection sometimes raised, e.g.^ by Hedges, 

1. c.y against the nascent hydrogen theory, that 
copper does not dissolve in other acids with 
evolution of hj^drogon, is invalid, sincje this metal 
dissolves in hot concentrated hydrochloric, 
hydro bromic, and hydriodic acids with evolu- 
tion of hydrogen.) 

The action of nitric acid on the metals copper, 
silver, mercury, and bismuth is greatly ac- 
celerated by the presence of nitrous acid, a fact 
noticed by Millon (J. Pharm. Chirn. 1842, [iii], 

2, 179; Ann. Chim. Phys. 1842, [iii], 6, 73, 95; 
1843, [iii], 7, 320) and explained by him as 
follows : 

“ The nitrous acid forms nitrites . . . which 
are destroyed by the nitric acid as fast as they 
are formed ; this destruction gives rise to nitric 
oxide which in presence of nitric acid reforms 
nitrous acid whence a new attack and a new 
destruction result.” 

Thus : 

Cu4-4HN02=Cu(N02)2+2H204-2N0 

Cu(N02)24-2HN03=Cu(N03)a4-2HN0j 

HN034-2N04'H20=3HN02. 

The nitrous acid so continuously produced will 
decompose when it reaches a certain concentra- 
tion : 

3HN0a-HN084-2N0-f HgO, 

nitric oxide being evolved. With concentrated 
nitric acid, the product is NOo, formed by the 
reaction : 2HN084-N0=3N024-H20. Mil- 
Ion’s theory was confirmed and extended by 
Veley (Proc. Roy. Soc. 1890, 46. 216; 1890, 43, 
458 ; 1893, 52, 27 ; Phil. Trans. 1891, 182, 279, 
319; J.S.C.L 1891, 10, 204). 

Veley showed that if nitrous acid is removed 
by adding urea or hydrogen peroxide, the diluted 
nitric acid does not act upon copper ; the action 
of these substances is evanescent, but if hydra- 
zine hydrate is added, the metal and 60% nitric 
acid can remain in contact for one or two days 
without action. The copper dissolves in ordi- 
nary nitric acid to form fimt of all a green solu- 
tion of copper nitrite; when aU the metal is 
dissolved this becomes blue &om conversion into 
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nitrate. Fuming concentrated nitric acid con- 
taining dissolved NO2 is without appreciable 
action on copper (the yellow acid turns green), 
but if a little water is added nitrous acid is 
formed and the copper dissolves in a violent 
reaction, abundant red fumes being evolved. 

Bancroft (J. Physical Chem. 1924, 28, 475, 973, 
with bibliography) postulated a dynamic equili- 
brium HNOs+HNOjj^ N 2O4-I-H2O, and 
supposed that in the moments of change the 
HNOg is in some peculiar state which makes 
it more reactive, e.g., towards hydrogen. 
Milligan {ibid. 1924, 28, 644, 794) postulated 
the following series of reduction products formed 
by nascent hydrogen : 

2 HNOs -> H^NaOg 2HNO2 

I I 

2NO, N,0, 

xNHj 

HjNjO, -V HjNjOjiNHj OH 

I I 

2NO NjO 

HgNjOj, however, is not reduced as postulated 

in the final stages, although Joss {ibid. 1926, 30, 
60) elaborated this part of the scheme : 

HgNjOj H4N2O2 H.NjOj -> 

I j 

Ng 2NHjOH 

HgNjOa ~> H10N2O2 

I I 

NjH, 2NH3 

He considered the hypothetical nitrosic acidy 
HgNjOj, as the intermediate product in a 
state of dynamic equilibrium : 

HN03-fHN02F^H2N205^2N02-bH20, 
and as being the real depolariser, nitrous acid 
playing the part of a catalyst in activating the 
nitric acid. 

Alloys of copper and zinc containing more than 
48% of copper dissolve as a whole in nitric acid. 
With less copper, the zinc either dissolves faster 
than the copper or precipitates this metal from 
the solution, and more copper dissolves when 
the solutions are shaken than when at rest 
(Stansbie, J.S.C.I. 1913, 32, 1135). 

Electrolytic reduction of nitric acid yields 
first nitrous acid and finally ammonia (Schon- 
bein, Ann. Phys. Chem. 1839, 47, 563 ; Brester, 
Chem. News, 1868, 18, 144 ; Bloxam, ibid. 1869, 
19, 289). The nature of the product depends 
on the temperature, current strength, material 
of the cathode, cathodic potential, and acidity 
or alkalinity of the solution, and two different 
reactions may occur, evolution of hydrogen or 
reduction to nitrous acid (EUingham, J.C.S. 
1932, 1665). With a mercury cathode only 
hyponitrite is formed (Zom, Ber. 1879, 12, 1609) 
and with a copper cathode ammonia (Ulsch, 
Z. Elektrochem. 1897, 8, 646). On electrolysis 
of 40% HNOs containing 1% of dissolved 
nitrous gases almost pure NO is evolved at the 
oathode (Meister, Lucius, and Briining, B.P. 
10522, 1911 ; MuUer et al., Z. Elektrochem. 1903, 
9, 966, 978 ; 1906, 11, 609 ; Ber. 1906, 88, 778, 
1190; Tafel, Z. anorg. Chem. 1902, 81, 289). 
Tafel found that although nitric acid is reduced 
only to hydroxylamine by mercury or well- 


amalgamated electrodes, copper electrodes re- 
duce it only to ammonia. 

For the detection and estimation of nitric acid 
and nitrates, see Vol. II, 698c, 664a, 673c, 687d, 
688d V, 327d ; this Vol. p. 6886 {also Reichard, 
Chem.-Ztg. 1906, 30, 790; Howard and Chick, 
J.S.C.I. 1909, 28, 63; Schmidt and Lumpp, 
Ber. 1901, 43, 787, 794). 

Fuming Nitric Acid is a yellow or orange- 
red fuming liquid with powerful oxidising 
properties, prepared by dissolving NgOg or 
N2O4 in concentrated nitric acid, distilling 
potassium nitrate with potassium bisulphate, or 
potassium nitrate and some starch with con- 
centrated sulphuric acid, or adding paraform- 
aldehyde or kiesolguhr soaked in formaldehyde to 
concentrated nitric acid (Vanino, Bor. 1899, 32, 
1392). It contains free NOg (Marchlewski, Z. 
anorg. Chem. 1892, 1, 368). Nitric oxide reacts 
with concentrated nitric acid as follows : 

NO+2HNO3-3NO2+H2O. 

The yellow acid on addition of water becomes 
green, blue (from formation of N2O3: see 
p. r)22c) and finally colourless (Marchlewski and 
Liljensztern, ibid. 1892, 2, 18; 1894, 5, 288). 
For densities of fuming nitric acid, see Lunge 
and Marchlewski, Z. angew. Chem. 1892, 5, 10. 
Fuming nitric acid has been used in quantita- 
tive organic analysis (Carius, Ber. 1870, 3, 697). 


Halides of Nitric Acid. 

Nitryl Fluoride, NO2F, formed by the 
action of excess of fluorine on nitric acid at the 
temperature of liquid air, is a gas, b.p. —72*4®, 
m.p. —166®, with a density 2'17-2*31 (air=l) 
agreeing with that (2*26) calculated for NOjF. 
It does not combine with hydrogen, sulphur, or 
carbon, but attacks boron, silicon, phosphorus, 
arsenic, antimony, iodine, alkali and alkaline 
earth metals, aluminium, iron, and mercury. 
It reacts with water : 

N02F+H20=HF-f HNOj, 
and with many organic compounds (Moissan 
and Lebeau, Compt. rend. 1906, 140, 1673 ; 
Ruff et al.f Z. anorg. Chem. 1932, 208, 293). 

Pernitryl Fluoride or Fluorine Nitrate, 
NO3F, is formed as a colourless explosive 
b.p. —42®, by the action of fluorine on con- 
centrated nitric acid (Cady, J. Amer. Chem. 
Soc. 1934, 66, 2635 ; Yost and Beerbower, ibid. 
1936, 67, 782 ; Ruff and Kwasnik, Angew. Chem. 
1936, 48, 238). It is a strong oxidising agent, 
liberating iodine from potassium iodide : , 

N03F+2KI-KF-fKN08-bIj. 

It is hydrolysed by 20% potassium hydroxide 
solution as follows : 

2NOgF+4KOH 

«Oa-f-2KF-f 2KN08+2HaO ; 
with 2% sodium hydroxide solution fluorine 
monoxide is formed : 

2N08F-f2Na0H«F20-f2NaN08+Ha0. 

The structure may be 


F— 0-~N 
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Nitryl Chloride, NOXI, is formed by the 
reaction between nitrosyl chloride and ozone, 
cooling the product in liquid air, and removing 
the oxygen formed : 

NOCI+O3-NO2CH-O2. 


It is a colourless gas, condensing at —16° to a 
colourless liquid, p 1*37, f.p. —146°. Its thermal 
decomposition, 


2NO2CI-2NO2+CI2, 


appears to be a reaction of the first order 
(Schumacher and Spronger, Z. anorg. Chem. 
1929, 182, 139 ; Z. Elektrochem. 1929, 36. 653 ; 
Z. physikal. Chem. 1931, B, 12, 116). Small 
quantities of NOjCI are formed by the reaction : 
4NOa+3HCI 

- 2 N 0 CI+N 02 Cl+HN 0 g+H 20 

(Muller, Annalen, 1862, 122, 1 ; Odet and 
Vignon, Compt. rend. 1870, 70, 96) and by other 
reactions (Noyes, J. Amer. Chem. Soc. 1932, 
64, 3616), although its existence was denied by 
Gut bier and Lohmann (J. pr. Chem. 1905, fii], 
71, 182). The existence of nitryl bromide 
(Hasenbach, ibid. 1871, [ii], 4, 1 ) has not been 
confirmed. 

Pernitrous Acid. — Raschig (Z. aiigew. 
Chem. 1904, 17, 1417; Ber. 1907, 40, 4586) 
found that a mixture of hydrogen peroxide and 
acidified sodium nitrite solution liberates 
bromine from potassium bromide solution, 
whereas neither solution separately liberates 
bromine. He supposed that pernitric acid, 
HNO 4 , was formed, a view also adopted by 
Poliak (Z. anorg. Chem. 1925, 143, 143), whilst 
Trifonow {ibid. 1922, 124, 123, 136) thought the 
product was NgOg.nHjO or 

(NOg O O N 02 ),nH 20 . 

D’Ans and Eriederich (Z. Elektrochem. 1911, 
17, 849 ; Z. anorg. Chem, 1912, 73, 326) reported 
that explosive HNO4, smelling of hypochlorous 
acid, is formed by dissolving N 2 O 5 in an- 
hydrous hydrogen peroxide : 

N 2O6+ H 2O2- H N O4+ H N O3, 
but Schmidlin and Massini (Ber. 1910, 43, 
1162) found that ozone is evolved, even with 
strong cooling, and on dilution only unchanged 
hydrogen peroxide was detected. The supposed 
formation of NgOg by the action of fluorine on 
dilute nitric acid, and of H N O4 by the action of 
fluorine on dilute sodium nitrite solution (Fichter 
and Brunner, Helv. Chim. Acta, 1929, 12, 306) 
must be regarded as requiring confirmation. 

Schmidlin and Massini (l.c.) regarded the sup- 
posed pernitric acid as really pernitrous acid, 
HNOgO or 0 = N— O— OH, isomeric with 
nitric acid but possessing a peroxide 

group — O — O — , and this view is supported by 
the experiments of Gleu and co-workers (Z. 
anorg. Chem. 1929, 179, 233 ; 1935, 223, 306). 
It was found that when oxygen containing 10% 
of ozone is passed into n. sodium azide solution 
an unstable orange solution is formed which is 
an oxidising agent : 

H N3+ 03« H N303« H NOjO-f- N,. 
Pernitrous acid is also the product of the 
oxidation of nitrous acid by hydrogen peroxide. 

To a mixture of 2 mol. of sodium nitrite and 
more than 2 mol. of hydrogen peroxide, with a 


large amount of ice, 1 mol. of 2n. sulphuric acid 
was added, and after two seconds a large excess 
of sodium hydroxide solution. An intensely 
yellow solution was formed. In this, the excess 
of hydrogen peroxide was determined by 
titrating a portion of the alkaline solution with 
0*1n. sodium hypochlorite solution with ten 
drops of 0*1 N. potassium iodide until the colour 
of Ruthenium Red indicator was discharged. 
The active oxygen was then determined by im- 
mediately adding excess of 0*1n. sodium 
arsenite and back-titrating with hypochlorite, 
with Ruthenium Red indicator. The nitrite 
was determined by reduction to ammonia with 
vanadyl sulphate, which does not reduce nitrate, 
and distilling into standard acid. The ratio of 
nitrite radical to at^tive oxygen was found to be 
1 : 1 , hence the substance was supposed to be 
pernitrous acid, HNOg'O. 

Tue Manufacture of Nitric Acid. 

Until the widespread adoption of synthetic 
processes in recent times, the industrial methods 
for the preparation of nitric acid followed fairly 
closely those used in the sixteenth and seven- 
teenth centuries for the produc ion of aqtia 
fortis for parting gold and silver, and some still 
older processes used by the alchemists were 
regularly patented. In the last edition of this 
Dictionary the article on nitric acid could say 
that the retort process was “ still the most im- 
portant,” and could point out, rather naively, 
that “ for most uses the nitric acid yielded by 
[ammonia oxidation] is too weak and must be 
concentrated, an expensive process at best.” 
There were, in fact, large installations then pro- 
ducing synthetic concentrated acid at a much 
lower cost than by the retort process, and as 
the latter is now abandoned except in rather 
primitive conditions, a brief account of it will 
suffice. 

In this process, approximately equal weights 
of sodium nitrate and 66 °B 6 . sulphuric acid are 
heated in cast-iron retorts. The fused residue 
consists of a mixture of sodium sulphate and 
sodium hydrogen sulphate, and if over-heated 
may also contain sodium disulphate (Na 2 S 207 ). 
This residue is discharged into iron pans, where 
it solidifies to a compound (Faust and Essel- 
mann, Z. anorg. Chem. 1926, 167, 290) 
NagH ( 804)2 or Na 2 S 04 ,NaHS 04 known as 
nitre-cake ; or it may be run into the pan of a 
hydrochloric acid furnace, where it is converted 
into salt-cake by reacting with salt. 

The vapour from the retort, especially at the 
beginning and end of the process, contains 
nitrogen peroxide from the decomposition of 
nitric acid by heat (Carius, Annalen, 1873, 169, 
273): 

4HN03=2Ha0-f4N0a-f02 

which partly dissolves in the acid. The lowering 
of the partial pressure by dilution with air 
facilitates this reaction. The water formed in 
this reaction and that originally in the raw 
materials, condenses with the nitric acid. The 
remaining gas passes from the condenser to the 
absorption towers along with some uncondensed 
nitric acid vapour. 

The first portions of distillate are the most con- 
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centrated, the acid becoming weaker as the distil> 
lation proceeds, until at the end it is almost pure 
water. The greatest evolution of nitrogen 
peroxide also occurs in the beginning, and it is 
usually prevented from dissolving in the acid 
by so condensing that the acid is removed hot 
from the system. 

The retorts are vertical cast-iron pots in a 
brick setting. The cast iron is not attacked by 
nitric acid vapour, or appreciably corroded by 
the sulphuric acid in the charge. Fig. 8 shows 
one type of retort and setting, arranged for coal 
firing. Gas firing is also used. 

Sodium nitrate and sulphuric acid are intro- 
duced at A, and the nitric acid distils off at b. 
At the end of the distillation the fused nitre- 
cake is run off through c. 

Many forms of water-cooled condensers have 



Fig. 8. 


been used, including the glass condenser of 
Hart (U.S.P. 526761, 1894 ; B.P. 17289, 1894) 
and S-bend condensers made of silica or of 
silicon-iron alloys. 

A Hart condenser (Fig. 9) consists of two 
upright manifolds of chemical -ware or silicon- 
iron, connected by parallel glass tubes 3 in. in 
diameter and 6 ft. long, packed into the mani- 
folds with putty of oil-ground white-lead, 10 lb., 
red-lead, 1 lb., linseed oil, 3 gal., and asbestos 
fibre to give proper consistency. Water trickles 
over the outside of the tubes from the pipe a, 
and is kept from splashing by wooden guides 
hung between the tubes and shown in detail at 
B and in cross section at o. The hot water 
passes through the trough d to the drain e. 

The tube breakage may amount to about 100 
per retort per year. It is heaviest with weak 
charging sulphuric acid. Broken tubes may be i 
replaced while running. i 


The S-bend condenser (Fig. 10) is a Y-tube 
branching from the top of the bleacher (shown 
on the lower left-hand side of Figs. 9 and 10) 
to two parallel series of S -bends, 6 in. in dia- 
meter and 6 ft. long. 

To remove oxides of nitrogen it was formerly 
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the practice to warm the acid and blow a current 
of air through it. This separate operation is 
av<udcd (Skoglund, U.^.P. 591087, 1897 ; B.P. 
22816, 1897) by allowing the hot condensed acid 
to reflux through a bleacher. It encounters 
hot gas from the retort, which further heats it, 
chiving out the dissolved nitrogen peroxide. 



Fig. 10. 


The acid running from the bleacher contains, on 
an average, about 1% of NOg. 

The gas from the retort enters at r (Fig. 9) 
rises through the packing in the bleacher, and 
condenses in the condenser. The condensate 
drains back through the bleacher in counter- 
current to the gases and emerges at g. 

From 6-10% of the nitrogen content of the 
nitrate passes the condenser in the form of 
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nitrogen peroxide, and in the absorption system 
this is converted into nitric acid. 

The absorption system consists of a series of 
chemical stone-ware towers with acid-proof 
packing, in which the gas is scrubbed with dilute 
nitric acid. The strongest gas comes in contact 
with the strongest acid, and the weakest gas 
with almost pure water. In these towers the 
following reactions occur : 

( 1 ) SNOg+HjjO 2HNO3+NO 

( 2 ) 2NO+O2-2NO2. 



The first is established practically instantly 
(Burdick and Freed, J. Amer. Chem. Soc. 1921, 
43, 618), while the second is a slow reaction in 
its later stages (Burdick, ibid. 1^22, 44, 244). 
Owing to the limited reaction spac^ in the towers, 
this reaction is never completed, and 95% con- 
version of the N Oj to dilute nitric acid has been 
considered good practice. 

The absorption tower (Fig. 11) consists of 6 
sections of chemical-ware about 30 in. in dia- 
meter and 30 in. high. The bottom section 
rests in a saucer mounted on a pedestal. The 
gas enters the tower at a, rises through the 
packing (usually pottery rings), and leaves 


through B. Acid is continually circulated over 
th^ tower by Pohle air-lifts c, supplied with acid 
from the equaliser pot D. The acid draining 
from the towers enters this pot from behind ; 
any excess above that in circulation, which may 
enter from the next equaliser pot d', or be 
formed in the tower, is removed continually by 
the air-lift e. 

In a series of such towers, each is set higher 
than its predecessor, so that weak acid may drain 
towards the acid exit. Draught is maintained 
in the exit from the last tower. 

The best charging sulphuric acid to use with 
dry nitre is 92-5% (Wintelor, Chem.-Ztg. 1906, 
29, 820). With wet nitre the strength of the 
acid is increased proportionally to the water 
content. Either stronger or weaker acid results 
in a less concentrated distillate. 

With a ratio of H2S04:NaN 03 = 1:1 and acid 
of the above strength the plant produces a 
distillate of 90-92% HNOg, constituting about 
90% of the acid made. The remaining 10% is 
weaker, containing 60-80% of HNO3. 
overall yield is 94-96%, the nitre-cake acidity 
varying from 27-31% H2SO4, and the coal 
consumption about 0185 lb. per lb. 100% 
HNO3 with gas firing and about 0-325 with 
direct firing. Using a nitre charge of 6,000- 
6,300 lb. the time of a complete cycle is 18-24 
hours (Ministry of Munitions, Department of 
Explosives Supply, “ Report on the Statistical 
Work of the Factories Branch,” H.M. Stationery 
Office, London, 1919; “Preliminary Studies 
for H.M. Factory, Gretna,” H.M. Stationery 
Office, London, [1919J). 

In the U.S.A. (Zeisborg, Chem. Mot. Eng. 
1921, 24, 443) the cycle of operations with a 
7,000 lb. nitre charge required only 12 hours 
and the yield was better, approximately 99%. 
The coal consumption with direct firing was 
0-222 lb. per lb. of 100% HNO3 with continuous 
operation, and 0-265 lb. m ith one-shift operation. 
The labour was 1-9 man-hours per 1,000 lb. of 
HNO3 with single-shift, and 1-4 m^n-hours with 
continuous operation. The average strength of 
the whole output was 88-90% HNO3 (including 
tower acid) with about 1% of NOg. 

Vacuum Processes . — In order to avoid thermal 
decomposition of the nitric acid, Valentiner 
(G.P. 63207, 1891; B.P. 610, 1892; 19192, 
1895 ; 4254, 1907 ; G. Lunge, “ Sulphuric Acid 
and Alkali,” Gurney and Jackson, 1913, Vol. I, 
p. 173 ; J. R. Partington, “ The Alkali In- 
dustry,” Bailh^re, 1926, pp. 196-216, 229 (bibl.) 
induing other processes) carried out the distil- 
lation in vacuum. The process was developed 
in Germany by Frischer, who increased the size 
of the apparatus and used a rotary liquid-seal 
pump instead of the older reciprocating pump, 
and in the U.S.A. by Hough (E. C. Worden, 
“ Technology of Cellulose Esters,” Spoil, 1921, 
Vol. I, ii, p. 34), who introduced a stirring device 
in the retort. 

Commercial nitric acid made from Chile nitre 
contains various impurities, particularly chlorine 
and sometimes traces of organic compounds, 
such as tetranitromethane, monochlorotrinitro- 
methane, and dichlorodinitromethane (Crawford, 
J.S.C.I. 1922, 41, 321t). 

J. R. P. 
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NITROGEN, ATMOSPHERIC, UTILI- 
SAT I ON OF. Nitrogenous substances, 
particularly nitrates and ammonium salts, are 
used as plant manures. The natural formation 
of combined nitrogen is insufficient to keep 
pace with an increasing population’s food re- 
qukeinents (Sir W. Crookes, “ The Wheat Prob- 
lem,” 3rd ed., Longmans, 1917). According 
to Russell (J.S.C.I. 1918, 37, 46 r) 1 lb. of com- 
bined nitrogen properly used in the soil will 
yield enough food to supply a man for about 
five days. Normally, a plant takes uj) nitrogen 
in the form of nitrates, and the most efficient 
nitrogenous fertilisers are the nitrates of potas- 
sium, calcium, and sodium, probably in the 
order given. Other nitrogen compounds are 
first oxidised to nitrates in the soil. Ammonia 
is rapidly oxidised to nitrates by soil bacteria, 
and ammonium salts are converted into liitrates 
before the plant is ready for all the nitrogen 
supplied. Protein nitrogen, amino-acid nitro- 
gen, and amide-nitrogen, present in farmyard 
manure, are also rapidly so oxidised. Calcium 
cyanamide is first converted into ammonia and 
then nitrate. Other nitrogen compounds, such 
as diazo- compounds, nitro- compounds, and 
ring-compounds, are (as far as is known) useless 
as fertilisers. The relative values of combined 
nitrogen in various forms are : nitrate 100 ; 
ammonia, 96 ; cyanamide, 85-90 or more ; 
protein, 70-80. 

The natural sources of combined nitrogen are 
two. First, electrical discharges in the atmo- 
sphere cause the union of oxygen and nitrogen, 
with the idtimate production of nitrates and 
nitrites. (See, however, Moore, J.C.S. 1921, 
119, 1665 ; Reynolds, Nature, 1923, 112, 396.) 
By this means, it is estimated, every acre of 
ground in Great Britain is enriched annually to 
the extent of 11 lb. of combined nitrogen. In 
the tropics, where thunderstorms are more fre- 
quent, the amount is larger. 

The second natural somce of combined 
nitrogen is the fixation of nitrogen by organisms 
in the soil (see Nitrogen Fixation, Biological, 
this Vol., p. 583a). 

The nitrogen of the atmosphere over every 
square mile of the earth amounts to about 20 
million tons. The methods which are, or have 
been, in use, or proposed for use, in “ fixing ” 
or utilising atmospheric nitrogen, by converting 
it into compounds, include the following : 

1. The direct syrUhesis of ammonia from 
nitrogen and hydrogen gases : 

Nji+3Hj=2NH3. 

2. The reaction between nitrogen and calcium 
carbide, leading to the formation of calcium 
cyanamide, CaCN 2 , which may be used directly 
as a fertiliser or hydrolysed with the formation 
of ammonia : 

CaCj-f- N 2= CaC N g-f- C, 

CaCNa-f3HaO-CaCOj-h2NH3. 

3. The formation of metaUic nitrides or 
cyanides by various processes, 

4. The direct synthesis of nitric oxide in the 
electric arc, followed by the oxidation of this to 


nitric acid by free oxygen in presence of water : 

N2+Oj=2NO, 

4N0+30aF2H20-4HN03. 

6. The conversion of ammonia to nitric oxide 
by catalytic oxidation and subsequent treatment 
of the nitric oxide as in (4) : 

4NH3+602=4N0+6H20. 

The most important processes are (1) and (5), 
which provide the basis of the modem nitrogen 
industry. 

Synthetic Ammonia. 

Experiments on the union of nitrogen and 
hydrogen, with formation of ammonia, on 
passing electric sparks through a mixture of the 
two gases, wore made by Rognault in 1846, by 
Deville in 1865, and by H. B. Dixon in 1888 
(cf. Briner and Mettler, J. Chim. phys. 1908, 6, 
137; Briner and Kahn, ibid, 1914, 12, 634; 
Briner and Baerfuss, Helv. Chim. Acta, 1919, 2, 
95, 162). An equilibrium yield of ammonia at 
ordinary temperature is attained by circulating 
a nitrogen-hydrogen mixture round a lead 
cathode in a low pressure discharge tube 
(Jolibois and Olmer, Compt. rend. 1936, 202, 
1268). The synthesis of ammonia by the 
silent electric discharge, discovered by Donkin in 
1873, was confirmed by Le Blanc and Davies 
(Z. physikal. Chem. 1908, 64, 657). The sup- 
posed production of ammonia by passing a 
mixture of nitrogen and hydrogen over a catalyst 
(Swindells and Lancaster, B.P. 2563 and 3148, 
1876; Johnson, J.C.S. 1881, 39, 128, 130) was 
due to the reduction of nitrogen oxides, not 
removed by ferrous sulphate solution, in the 
nitrogen prepared from ammonium nitrite 
(Wright, ibid. 1881, 39, 367; Mond, J.S.C.I. 
1889, 8, 605), these oxides, as Dulong and 
Thenard (Ann. Chim. Phys. 1923, [ii], 23, 440) 
found, being readily reduced to ammonia in 
presence of platinum. Processes in which am- 
monia was synthesised by passing nitrogen and 
hydrogen over heated iron were also shown to 
depend on the presence of iron nitride in the 
iron, and the first genuine formation of traces of 
ammonia at atmospheric pressure with a pure 
iron catalyst was probably achieved by Perman 
and Atkinson (Proc. Roy. Soc. 1904, 74, 110; 
1905, 76, 167) and almost simultaneously by 
Haber and Van Oordt (Z. anorg. Chem. 1905, 
44, 341), and White and Melville (J. Amer. 
Chem. Soc. 1905, 27, 373). 

Nemst (Z. Elektrochem. 1907, 13, 621 ; 1910, 
16, 96) and his assistant Jost (Z. anorg, Chem. 
1908, 57, 414; Z. Elektrochem. 1908, 14, 373), 
were the first to work under pressure (up to 30 
atm.), and thus corrected Haber’s figures for 
the equilibrium (Rossignol, Ber. 1907, 40, 
2144). This development was carried further 
by Haber and his pupils (Haber and Le Rossig- 
nol, Z. Elektrochem. 1913, 19, 63 ; Haber, 
Ponnaz, and Tamaru, ibid. 1916, 21, 89 ; Haber 
and Maschke, ibid. 128 ; Haber and Greenwood, 
ibid., p. 241). In 1910 the technical develop- 
ment was taken over by the Badische company, 
and in the perfecting of the technical details a 
leading part was taken by C. Bosch, a relative 
of Haber. 
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As a catalyst, Haber first used metallic 
osmium, but this is too expensive ; he then 
used uranium or crude uranium carbide. 
Nemst then found that, although pure iron is 
relatively inactive as a catalyst, its activity is 
greatly enhanced by the addition of other sub- 
stances, first called in the Badische patents by 
the name promoters or activators ; in this field 
valuable researches were carried out by Alwin 
Mittasch (Ber. 1929, 59, 13 ; A. Mittasch and 
E. Theis, “ Grenzflachenkatalyse,” Berlin, 1932; 
A. Mittasch, “ Kurzo Geschichto der Katalyse in 
Praxis and Theorie,” Berlin, 1939) for the 
Badische company, and by American workers in 
the U.S. Government Fixed Nitrogen Research 
Laboratory (Larson and Brooks, Ind. Eng. 
Chem. 1926, 18, 1305 ; Alnupiist and Crittenden, 
ibid.y p. 1307; Almqiiist, J. Amcr. Chem. Soc. 
1926, 48, 2820). As a result of A-ray examina- 
tion of iron catalysts promoted by alumina, it 
appears that the active material is a-iron in a 
spinel-like combination AlgFeO^ (WyckofF and 
Crittenden, ibid. 1925, 47, 2866), and similar 
results were found for other iron catalysts {see 
below). 

Synthetic ammonia was first made on the 
industrial scale in Germany. The Badische Co. 
(later the I.G. Farbenindustrie) erected large 
plants at Oppau and Merseburg. The Oppau 
works, forming practically a continuation of the 
Badische factory at Ludwigshafon, commenced 
in 1913 with a capacity of 20 tons of ammonia 
per day, increased to 200 tons in 1914-18. It is 
said to have cost £15,000,000. A part of the 
works was destroyed by an explosion in 1921 
(J.S.C.T. 1921, 40, 38 Ir). The Louna works at 
Merseburg (Halle) was erected since 1916 with 
a capacity of 800 tons of ammonia per day. 
The combined output of Oppau and Leuna in 
1932 was one million metric tons of combined 
nitrogen per annum (Ullraann, “ Enzyklopadie 
der technischen Chemie,” 2nd ed., Vol. IX, 
p. 720). 

The number of catalyst materials specified in 
the Badische and other later patents {e.g.^ G.P. 
265295, 1912) is very large, but as far as is 
known aU the cataLsts now in use consist of 
some form of activated iron (on catalysts, ^ee, 
e.g.y J. W. Mellor, “ Treatise on Inorganic and 
Theoretical Chemistry,” Vol. VIII, London, 
1928, pp. 148 et seq. ; S. J. Green, “ Industrial 
Catalysis,” Bonn, 1928, pp. 318 et seq.y 334 et 
seq. ; Frankenburger and Iliirr, in Ullmann, 
“ EnzyklopS,die der technischen Chemie,” 2nd 
ed., Vol. VI, pp. 436 et seq. ; O. Kausch, “ Die 
Kontaktstoffe der katalytischen Herstellung von 
Sohwefekkure, Ammoniak und Saltpetersfture,” 
Halle, 1931, pp. 85 et seq., 172 et seq. ; E. Sauter, 
“ Heterogene Katalyse,” Leipzig, 1930; Larson 
et al., Chem. Met. Eng. 1922, 26, 493, 555, 558, 
647, 683; Larson and Richardson, Ind. Eng. 
Chem. 1925, 17, 971 ; Almquist and Black, J. 
Amer. Chem. Soc. 1926, 48, 2814, 2820 (poisoning 
by oxygen) ; Almquist and Dodge, Chem. Met. 
Eng. 1926, 88, 89 ; Mittasch et al., Z. Elektro- 
chem. 1928, 84, 159, 829 ; Z. anorg. Chem. 1928, 
170, 193; Eisenhut and Kaupp, Z. physikal. 
Chem. 1928, 188, 466; Kunsman, J. Amer. 
Chem. “Soc. 1929, 51, 688 ; Finzel, ibid. 1930, 52, 
150; Emmett and Brunauer, ibid. 1930, 52, 
Vol. VIII.— 36 


2682 (poisoning by water) ; Emmett, Hen- 
dricks, and Brunauer, ibid. 1930, 52, 1466; 
Mittasch, Z. Elektrochem. 1930, 36, 669; 
Keunecke, ibid. 1930, 36, 690(Ni-Mo); Gluud, 
Klempt, Schonfelder, and Rieso, ]^r. Ges. 
Kohleiitech. 1930, 3, 62, 96, 170; Mittasch and 
Keunecke, Z. physikal. Chem. Bodenstein Festb. 
1931, 674; Brunauer, Jefferson, Emmett, and 
Hendricks, J. Amer. Chem. Soc. 1931, 58, 1778; 
Winter, Z. physikal. Chem. 1931 B, 18, 401 ; 
Frankenburger, Z. Elektrochem. 1933, 39, 46, 
97, 269; Kroger, ibid. 1933, 89, 670; Epschtein 
and l^polovTiikov, J. Chem. Ind. Moscow, 1933, 

10, No. 2, 41 ; Emmett and Brunauer, J. Amer. 
Chem. Soc. 1934, 56, 35 ; Lachinov and Telegin, 
J. Chem. Ind. Moscow, 1934, 12, 31 ; Emmett 
and Brunauer, J. Amer. Chem. Sue. 1937, 59, 
1553 ; Brunauer and Emmett, ibid. 1940, 62, 
1732 ; Temkin and Fyzhev, Acta Physicochim, 
U.R.S.S. 1940, 12, 327; Love and Emmett, 
J. Amer. Chem. Soc. 1941, 63, 3297 ; Emmett 
and Kummer, Ind. Eng. Chem. 1943, 38, 677). 

Pure iron does not form a nitride directly 
with nitrogen (Mittasch and Fraiikenburger, 
Z. physikal. Chem. 1928, 139, 386), but nitrides 
(Fe^N, FCgN, FCjN) are formed with am- 
monia, and these react with hydrogen to form 
ammonia (Emmett and Love, J. Amer. Chem. 
Soc. 1933, 55, 4043). Intermediate surface 
nitrides are postulated by Messnor and Franken* 
burger (Z. physikal. Chem. Bodenstein Festb. 
1931, 693). 

Usatschev (J. Phys. Chem. Russ. 1940, 14, 
1246) supposes that adsorption of hydrogen 
is the primary process : the catalyst surface 
becomes saturated with ammonia, leaving only 
the active spots available for acceleration of the 
synthesis reaction (c/. Koshenova and Kagan, 
ibid. 1940, 14, 1250). The adsorption of nitrogen 
and hydrogen on iron- molybdenum catalysts, 
with and without alumina, has been studied 
(Roiter, Acta Physicochim. U.R.S.S. 1936, 4, 
146), also the catalytic decomposition of am- 
monia by metals (Bodenstein and Kranendieck, 
Nemst Festschrift, 1912, 99; J.C.S. 1912, 102, 

11, 1155 ; Hinshelwood and Burk, ibid. 1925, 

127, 1106; Schwab, Z. physikal. Chem. 1927, 

128, 161 ; 1928, 131, 446). 

Morozov and Kagan (Acta Physicochim. 
U.R.S.S. 1938, 8, 649) postulate: (i) chemi- 
sorption of nitrogen and hydrogen, (ii) hydro- 
genation of nitrogen, (iii) desorption of ammonia. 

Catalysts are formed, e.g., from ferroso-ferric 
oxide produced by combustion of iron in 
oxygen (Claude, B.P. 153254, 1919), sometimes 
under pressure, preferably without contact with 
crucibles, or in magnesia crucibles with the 
addition of 6-10% of lime (a process used for 
purifying iron by Troost, Bull. Soc. chim. 1868, 
[ii], 9, 260), the fused mass being afterwards 
broken up and romelted with oxides of potassium 
and aluminium as promoters; or by burning 
molybdenum steel in oxygen ( Larson and Brooks, 
Ind. Eng. Chem. 1926, 18, 1306 ; Larson and 
Richardson, ibid. 1925, 17, 971 ; Brahm, ibid. 
1922, 14, 791). Excess of ferrous oxide in the 
combustion product over the composition Fe 804 
of magnetite is injurious. F'or an iron catalyst, 
nickel and cobalt are practically without pro- 
motive action; at 650° tungsten and molyb- 
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denum are most effective, whilst at 450° iron 
alone or iron-molybdenum give the best results, 
but the activity of iron falls off rapidly, especially 
at higher temperatures (for molybdenum mixed 
catalysts, see Mittasch and Keuneeke, Z. 
physikal. Chem. Bodenstein Festb. 1931, 574). 
Oxides of aluminium, silicon, zirconium, thorium, 
and cerium are active, but the promoter action 
is most pronounced with basic and acidic oxides 
combined, e.g., KgO with SiOg, AlgOj,, or 
ZrOg. A mixture of 1% KgO and 3% AljOg 
with iron gave 13*6% ammonia at 100 atm., 
but KgO alone depressed the activity of iron 
(Larson and Lazote Inc., U.S.P. 1667322, 1928; 
Larson and Lamb, U.IS.P. 1489497, 1510598, 
1924; Greathouse, U.S.P. 1618004, 1927). 
Artificial magnetite is superior to natural as a 
catalyst (Telegin and Sidorov, J. Appl. Chem. 
Russia, 1938, 11, 1064 ; cf. Kanizolkin, Livstdiii/, 
and Koshenova, J. Clhom. Ind. Russ. 1935, 12, 
687). 

Among a number of catalysts tested, the 
greatest stability and activity was found with 
Fe;j04 with 1-5% of KgO and 3% of AI2O3 
(Latscliinov and Tclegin, ibid, 1934, 10, No. 12, 
31 ; cf, Gauchman and Reuter, J. Phys. Chem. 
Russ. 1939, 13, 593). The activity of FCgOg 
is greatly increased by AlgO^, which probably 
enhances the surface activity (Kobozev, Jerofeef, 
Kaverin, and Bogojavlenskaja, Acta Physico- 
chim. U.R.S.S. 1934, 1, 483; Telegin, Sidorov, 
and Schupulenko, J. Appl. Chem. U.S.S.R. 
1940, 18, 823). Titanomagnetite fused with 
potassium alumiuate gives an active catalyst 
(Geid, J. Chem. Ind. U.S.S.R. 1934, 10, No. 9, 
46 ; Kamzolkin and Avdeeva, ibid. No. 10, 48). 
The reduction of an iron oxide catalyst by the 
nitrogen-hydrogen mixture has been studied 
(Latschinov, J. Appl. Chem. Russia, 1937, 10, 
1847 ; 1940, 14, 1260). The activity of an iron 
catalyst is impaired by lubricating oil (which 
may originate in gas compressors) (Kamzolkin 
and L vschitz, J. (hem. Ind. Russ. 15 37, 10, 
1225). The activity of a FegOg-AlgOg-KgO 
catalyst is reduced by 25% by 0-001% of 
hydrogen sulphide at 500°, and at 450° 0-0001% 
of hydrogen sulphide reduces it by 70% ; phos- 
phine does not inactivate it at any tempera- 
ture above 510° (KamzoUtin and Avdeeva, 
ibid, 1933, 10, No. 7, 32). The poisoning of a 
titanomagnetite catalyst reaches a maximum 
after an hour, then falling slightly to a constant 
value (Epschtein, ibid. 1933, 10, No. 2, 41). 
The poisoning effect of water vapour increases 
with pressure (Kamzolkin and Li vschitz, ibid. 
1937, 14, 244). A review of catalyst poisons 
is given by Pastonesi (Chim. e LTnd. 1937, 19, 
123). 

Other proposed catalysts are carbonyl iron 
with promoters of AlgOg, MgO, etc. (I.G. 
Farbenind. A.-G., B.P. 267554, 1926), ferrites 
(Collett, B.P. 237394, 1924), ferrocyanides and 
complex cyanides (Uhde, B.P. 273735, 1927 ; 
Hurter, B.P. 305753, 1927), catalysts with a 
zeolitic base (Selden Co., B.P. 30^57, 1928), 
and iron with arsenic, phosphorus, or boron 
(Soc. Chem. Ind. Basle, B.P. 359378, 1930). 

Hydrazine (up to 4% of nitrogen fixed at 437° 
with very high flow-rates) may be formed as 
well as ammonia with iron catalysts (Gedye and 


Rideal, J.C.S. 1932, 1169). There may be some 
relation between the electron emission and 
activity of a catalyst (Kunsman, J. Physical 
Chom. 1926, 30, 526; J. Franklin Inst. 1927, 
203, 635; J. Amer. Chem. Soc. 1929, 51, 688 ; 
Brewer, ibid. 1931, 58, 74). 

The physical properties of nitrogen and 
hydrogen, and mixtures of them, and of gaseous 
and liquid ammonia, have been fully investi- 
gated (Larson and Dodge, ibid. 1923, 45, 2918 ; 
Osborne, Stimson, Sligh, and Cragoe, Bur. 
Stand. JiuU., Washington, 1935, 20, 65, Sci. 
Paper No. 601 ; Verschoyle, Proc. Roy. Soc. 

1926, A, 111, 552 ; Bartlett, J. Amer. Chem. Soc. 

1927, 49, 687 ; 1928, 50, 1275 ; 1930, 52, 1363 ; 
Merz and Whittaker, ibid. 1928, 50, 1622; 
Beattie and Laurence, ibid. 1930, 52, 6 ; Deming 
and Shiipe, ibid. 1930, 52, 1382; Beattie and 
Ikehara, Proc. Amer. Acad. Arts Sci. 1930, 
64, 127 ; Mackay and Krase, Ind. Eng. Chem. 

1930, 22, 1060; Keyes, J. Amer. Chem. Soc. 

1931, 58, 965 ; Clifford and Hunter, J. Physical 
Chem. 1933, 37, iOl (system ammonia-water). 
The moisture content of compressed nitrogen 
(Bartlett, J. Amer. Chem. Soc. 1927, 49, 66 ; 
Walker and Erast, Ind. Eng. Chem. [Anal.], 
1930, 2, 139 ; Saddington and Krase, J. Amer. 
Chem. Soc. 1934, 56, 353), and the much en- 
hanced vapour pressure of liquid ammonia in 
presence of compressed gas (Larson and Black, 
ibid. 1926, 47, 1016, 3107; Cupples, ibid. 1929, 
51, 1026) have been investigated. 

The reaction N2+3H2=2NH3 is exo- 
thermic; J. Thomsen (“Thermochemistry,” 
Longmans, 1908, p. 245) gives 11,890 g.-cal. 
for the h^al of formation of NHg at 1 atm. pres- 
sure at 18° ; Berthelot and Matignon give 12,200 
g.-cal. at higher temperatures; Nerast (Z. 
Eloktrochem. 1910, 16, 96) calculated 16,100 
g.-cal. at 850°; Haber and Tamaru {ibid. 1916, 
21, 191) and Haber, Tamaru, and Oholm {ibid. 
p. 206) found results summarised below : 


t, ^0. 1 

Qp obs. 
(kg.-cal.). 

Qp calc, 
(kg.-cal.). 

0 

10-95 

10-95 

466 

12-67 

12-67 

603 

12-70 

12-77 

664 

12-86 

12-91 

659 

13-10 

1 

13-15 


Q^=10,960p4-5^-0-001822r“ g.-cal. 


Haber and Tamaru ( {ibid. 1916, 21, 228) give 
for the true molecular heat of ammonia at con- 
stant pressure : 

Cp=8-62-f 0-0035i-f 51 x 01-«<2 g..caL 

Nernst’s results {ibid. 1910, 16, 96) are somewhat 
lower : 


t, 

Cp obs. 

(H. and T.). 

Cp obs. 

(N.). 

309 

10-3 

9-45 

- 

422 

11-0 

10-0 


623 

11-8 

10-7 



The values of the equilibrium constant 

[NH3]2/[NJ[HJ3^^ 
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at various temperatures (Haber, ibid. 1914, 20, 
597 ; Todd, in “ Physical and Chemical Data 
of Nitrogen Fixation,” Munitions Inventions 
Dept., Ministry of Munitions, H.M. Stationery 
Office, 1918 ; Maurer, Z. anorg. Chem. 1919, 108, 
273; Claude, Compt. rend. 1919, 169, 1039; 
Todd, Proc. Durham Phil. Soc. 1920, 6, 1 ; Tour, 
Ind. Eng. Chem. 1921, 13, 298; Larson and 
Dodge, J. Amer. Cfiern. Soc. 1923, 45, 2918; 
Larson, ibid. 1924, 46, 307, 1002 ; Moldcnhauer, 
Chem. Ztg. 1925, 49, 05; Lurie and Gillespie, 
J. Amer. Chem. Soc. 1920, 48, 28; 1927, 49, 
1140 ; Mittasch and Frankenburger, Z. Elektro- 
chem. 1929, 35, 920 ; Bosch, Chem. Fabr. 1933, 
6, 127 ; Newton and Dodge, Ind. Eng. Chem. 
1935, 27, 577 ; Stephenson and McMahon, 
J. Amer. Chem. Soc. 1939, 61, 437) show a 
marked increase with pressure. The equilibrium 
percentage of ainnionia in gas of composition 
Ng-f SHg is shown bel(*\^^ 


Atm. 

(abs.). 

10 

r>o 

100 

300 

600 

1,000 

360“C. . . 

7-41 

25-23 

37-35 

59-12 

75-62 

.S7-40 

4()U“C. . . 

a-H.") 

15-27 

25-12 

I 47-00 

65-20 

79-82 

5()0”r. . . 

1-21 

5-56 

10-61 

2(J-44 

42-15 

57 47 

600'^ 0. . . 

0-49 

2-25 

4-52 

1 13-77 

i 23-10 

31-43 

700“c. . . 

0-23 

1-05 

2-18 

7-28 

12-60 

12-87 


This table is based on experiments at 325-500"c. 
and pressures of 10-1,000 atm. (abs.) and the 
accuracy is within 2%. The yield falls off as the 
temperature rises, but at very high temperatures 
it appears to increase again (Maxted, J.C.S. 
1918, 113, 108, 380; 1919, 115, 113; J.S.C.l. 
1918, 37, 232t; B.F. 130023, 130003, 1919; 
Briner, Helv. Chim. Acta, 1919, 2, 102). 

A sketch of the industrial synthesis of am- 
monia is given in the section on Ammonia 
(Vol. I, 3356). A description of the plants at 
Oppau and Merseburg is given here (c/. Bosch, 
Industrial Chemist, 1934, 10, 90). 

The two factories, besides providing ammonia, 
manufacture ammonium sulphate, chloride, 
carbonate, and nitrate; nitric acid, and sodium 
and potassium nitrates ; urea ; and various 
mixed fertilisers. 

The power for both plants is produced from 
lignite, gasified in “ Bamag ” producers, 12 ft. 
by 25 ft., with rotary grates, a little steam being 
added to the air. In the Oppau works the 
power plant generates 16,00(4-16,000 h.p. A 
row of 12 gas producers, each consuming 20 tons 
of lignite and yielding 2,000,000 cu. ft. of gas 
per day, is built alongside a similar row of water- 
gas generators, which provide the hydrogen. 
The latter use Ruhr oven coke, and are of the 
Pintsch type with rotary grates, 15 ft. by 26 ft., 
gasifying over 30 tons of coke to 3,000,000 cu. ft. 
of gas each daily. Some air is added, and the 
resulting gas contains Hg 40, CO 30, COg 12, 
Ng 18%, approximately. 

The water gas is treated to produce hydrogen 
by the Bosch process (B.P. 26770, 1912; 27117, 
1912; 124760, 1917; U.S.P. 1116776, 1914; 

1200806, 1916 ; Z. kompr. u. fliissige Gase, 1914, 
16 , 1B7 ; Tour, Chem, and Met. Eng. 1922, 26 , 
246, 307, 359, 411, 463 ; Taylor, ibid, 1922, 27 , 
1263 ; S. J. Green, “ Industrial Catalysis,” 


Benn, 1928, pp. 167 et seq., 324 ei seq . ; Brownlie, 
Ind. Eng. (5hem. 1938, SO, 1139). In this a 
mixture of water gas and steam is passed over 
a catalyst consisting of ferric oxide with pro- 
moters such as chromium oxide at a tempora- 
tuTe of 400-600°, when the reaction 

CO+HgO^COg-fHg 

takes place. The catalyst remains active for 
two years. The catalyst plant comprises 24 
units in two sections of two rows of six or seven 
units. Each unit has two heat exchangers and 
one elevated catalyst chamber; the latter is 
16 ft. by 12 ft. by 10 ft. deep, with an oval cover 
carrying two 8-in. pipes, and contains two trays 
of catalyst. The heat exchangers are 30 ft. by 
15 ft. by 6 ft., and the whole apparatus is 
lagged, so that the reaction takes place without 
external heating. (The addition of a little oxygen 
or air to the gas has been described as a means 
of maintaining the temperature, a free flame 
burning in the catalyst chamber.) The gas 
issuing from the hydrogen converters (in which 
the reaction is conducted at atmospheric pres- 
sure) contains a little carbon monoxide (accord- 
ing to H. C. Greenwood, “ Industrial Gases,” 
Bailli^rc, 1920, p. 163, this may be 2-6%) 
and must be purified from carbon dioxide, 
residual carbon monoxide, and hydrogen sul- 
phide (from sulphur in the coke). 

The purification (B.P. 9271, 1914; 120646, 
1917; F.P. 389671, 1908; U.S.P. 1196101, 
1916) is carried out by first washing out the 
carbon dioxide with water under pressure (B.P. 
11878, 1910; 124761, 1917); washing finally 
with soda (B.P. 15053, 1914) is not used. Car- 
bon monoxide is then taken out by washing with 
ammoniacal cuprous formate solution, followed 
by hot sodium hydroxide solution, both under 
high pressure (B.P. 1769, 1912 ; U.S.P. 1126371, 
1916; 1133087, 1916; J. Amer. Chem. Soc. 
1921, 43 , 1). The hydrogen sulphide is also 
removed. The copper solution contains excess 
of ammonia (not less than 6%) to prevent iron 
being attacked ; the alkali solution may contain 
26% NaOH, and is brought in contact with the 
gas at 260° under 200 atm. In modem plants 
the alkali wash is not used. 

In the purification from carbon dioxide the 
gas, carried by a 3-ft. main from the converters, 
is compressed to 26 atm. and passed to the bases 
of eight steel towers, 30 ft. by 4 ft., packed with 
rings, into the tops of which water at 26 atm. 
pressure is injected by circulating pumps. The 
water issues charged with carbon dioxide ; it is 
passed through Pelton wheels, in which 60% of 
the power is recovered, and the carbon dioxide 
evolved is collected. It is more than sufficient to 
convert all the ammonia made into ammonium 
sulphate by the gypsum process, ( r into chloride 
by the ammonia-soda process. The gas is now 
passed through steel bottles, which act as spray 
catchers, to the high-pressure plant. Here it is 
brought to 200 atm. and delivered to the 
purifiers w^ich remove carbon monoxide. 

This plant consists of 16 towers of special steel, 
each in one piece, 26-30 ft. high and 2 ft. 6 in. 
in external diameter, with flanged ends, and 
packed with Guttmann balls. In the first eight 
of these, ammoniacal cuprous formate solution 
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(c/. Richardson, U.S.P. 1962625, 1934) is cir- 
culated, in the remainder sodium hydroxide 
(CO-f- NaOH = H'COONa). The liquids are 
circulated by eight hydraulic pumps of forged 
steel, 200 h.p. total, and the ammoniacal copper 
solution, whach absorbs ten times its volume of 
carbon monoxide, is passed down a 40-ft. tower, 
when the gas is released and collected. Spray 
traps in the form of vertical steel bottles are 
placed under these towers. The j)resence of 
0-01% of carbon monoxide in the final gas is 
said to be injurious. 

A solution of cuprous chloride in hydrochloric 
acid is said to be better than an ammoniacal 
solution for normal carbon monoxide absorption 
(Pyke, J. Proc. Austral. Chem. Inst. 1938, 5, 
201), but under high-pressure conditions this is 
uncertain. The ammoniacal cuprous solution 
may be regenerated by heating slowly to 60°, 
allowing oxygen to combine with carbon mon- 
oxide, expelling the carbon dioxide, and then 
removing the residual monoxide by heating 
rapidly to 70-80° (Chemical Construction 
Corp., U.S.P. 2047550, 1930). 

The purified hydrogen (with some nitrogen 
from the air mixed in the water-gas operation) 
is now passed to the catalyst plant by a high- 
pressure main. The nitrogen content is brought 
up to the ratio NotSHg from a Linde plant and | 
the gas is dried. This is the optimum ratio, the 
presence of argon being deleterious, but not 
seriously so, at all pressures (Gillespie and 
Beattie, J. Amer. Chem. Soc. 1930, 52, 4239; 
Pavlov and Gaurilov, J. Chem. Ind. Moscow, 
1933, 10, No. 3, 22 ; Toniolo and Giamarco, 
Giom. Chim. Ind. Appl. 1933, 15, 219). 

The catalyst plant in which the mixture is 
converted into ammonia consists of 15 steel 
converters, each comprising two straight flanged 
sections, each 6 m. long and 80 cm. in internal 
diameter, the walls being 18 cm. thick. These 
are bolted together and the covers are held on 
by fifteen 4-in. studs. The walls are perforated 
at intervals of 1 ft. with J-in. tapering holes for 
the purpose of releasing any gas which leaks 
behind the liners. Inside is a special steel liner, 
making a gas-tight joint with the ends (U.S.P. 
1188630, 1916; G.P. 254571 and 25G206, 1911) 
to prevent attack of the carbon-steel retaining 
wall by the hydrogen ; a lining of electrolytic 
iron might be possible. Inside this liner is 
probably a refractory lagging and a support for 
the catalyst, the internal diameter of the 
catalyst space being 60 cm. The outer walls 
are heavily lagged, and reach 300-400° ; the 
catalyst is at 600°. (In some other installations 
the outer walls are not lagged, but are exposed 
to the air.) The temperature is maintained by 
heat exchangers (Nitzschmann, Chem. Listy, 
1928, 22, 169, 199, 241), consisting of forged 
steel tubes, 6 m. long and 16 in. in external 
diameter, fitted internally with nests of f-in. 
steel tubes autogenously welded into end plates. 
Each catalyst unit is mounted vertically with 
its heat exchanger inside a brickwork compart- 
ment with strong iron doors and planking, with 
a little of the bomb projecting above. (In some 
works the row of catalyst units is built against 
a strong waU, the exposed units being unpro- 
tected.) Starting may be effected by adding 


oxygon (which does not come into contact with 
the catalyst) (G.P. 269870, 1911) or by electrical 
heating (U.S.P. 1202995, 1916). An iron 

catalyst with a promoter is used. The converter 
has a long life (twenty years) (Edwards, Chem, 
Met. Eng. 1939, 46, 361). 

The gas is circulated through the catalyst; 
argon and methane (from residual carbdn 
monoxide) may accumulate up to several per 
cent, and must be blown off periodically along 
with some Ng+SHj mixture; 10% of the gas 
is lost by leakage. 

The ammonia is removed from the gas by 
solution in water under pressure (G.P. 235421, 
1908; 270192, 1912); Hquefaction (U.S.P. 

1202995, 1916) is not economical with the per- 
centage of ammonia obtained in the gas by the 
Badische process, but is possible with the Claude 
process (p. 550d), when the gas is richer in 
ammonia. Three water injector pumps are 
connected with nine sets of absorbers, each con- 
sisting of tlu’ee water-cooled steel spirals set 
vertically, the upper spiral being 60 ft. above 
ground. The gas passes down the lowest spiral, 
rises to the top of the second spiral and passes 
down this, and similarly with the third spiral. 
Water flows down all the spirals by gravity. A 
solution containing 25% ol ammonia is obtained. 
The unconverted gas is dried and sent back to 
the catalyst system. 

The fuel requirements at Oppau (McConnell, 
j ind. Eng. Chem. 1919, 11, 837) were 1,760 tons 
of lignite (400 for gas engines, 1,000 for steam for 
hydrogen plant, and 350 for power plant), and 
500 tons of coke (for hydrogen) per day. The 
daily cost of labour was £2,300, of fuel £2,300, 
and working expenses, interest, etc., £6,700. 

The process at Merseburg differs from that at 
Oppau in two respects and represents a more 
modern practice : (1) the mixture of nitrogen and 
hydrogen is made directly by treating a mixture 
of producer (air) gas and water gas, with the 
addition of steam, by the Bosch process (Van der 
Werth, Chem. Ztg. 1935, 59, 276) ; (2) the puri- 
fied mixture of nitrogen and hydrogen, before 
passing to the main catalyst, is passed through 
a series of small catalyst vessels (“ Vorofen ”) 
to remove impurites (B.P. 6836, 1911). 

At Merseburg there are 31 gas generators, 
five for air gas and the rest for water gas, all 
the air being provided by two blowers, each of 
360 h.p. The gases pass through three gas- 
holders, each of 1,766,000 cu. ft. capacity, pro- 
viding a reserve for 16 minutes. From these 
they are taken and mixed by blowers. The 
mixed gas then takes up the requisite amount of 
water vapour in two rows of six towers, each 
82 ft. high, through which hot water is pumped 
by seven pumps, each of 70 h.p. The water is 
warmed in a tower by the gas leaving the heat 
exchanger of the contact converters for the 
hydrogen production. There are 48 heat 
exchanger towers. 

The gas, containing hydrogen, nitrogen, carbon 
monoxide, steam, and some carbon dioxide, 
passes, after preheating, to two sets of 24 con- 
tact furnaces in which the reaction 

CO-fHjO^COj+Hj 

occurs. The gas then passes to two gasholders, 
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one of 350,000 cu. ft. and the other of 1,060,000 increases ; addition of molybdenum and nickel 
cu. ft. capacity. Carbon dioxide is removed by improves their resistance. High-chromium and 
washing in 21 to 30 towers at 26 atm., the com- nickel-chromium steels of the stainless type are 
pression of the gas being in large part effected best, but are difficult to forge and machine, 
by one of the cylinders of the 200 atm. com- Vanadium produces an appreciable improve- 
pressors, £^lthough a few pumps for 26 atm. are ment (Thompson, Trans. Amer. Electrochem. 
provided. Pelton wheels recover about 40% Soc. 1926, 50, 101 ; Vanick, Trans. Amer. Soc. 
of the energy of the released gas, which is Steel Treat. 1927, 12, 169 ; Vanick, de Sveshni- 
utUised to compress the water to 26 atm. The koflf, and Thompson, U.S. Bur. Stand. Tech, 
power for this part of the plant is 40,000 h.p. Paper, No. 361, 1927, 22, 199; Hadfield, 
(Schneider, Brennstoflf-Chem. 1931, 12, 273; J.S.C.I. 1930, 49, 48 t; Inglis and Andrews, 
Anon. J.S.C.I. 1929, 48, 691 ; Chom.-Ztg. 1930, Engineering, 1933, 136, 613). According to 
64, 2, 29, 66; Waescr, Chem. Fabr. 1932, 6, Becket (J.S.C.I. 1932, 61, 62 r), 2% of chromium 
248, 266, 273). limits penetration and fissuring of steel in 

For the removal of the carbon monoxide, the ammonia converters to a minute depth, since 
gas compressed to 200 atm. by twenty-four the chromium nitride seals incipient fissures. 

I, 000 h.p. compressors and twelve 600 h.p. Steels for such converters are specified to con- 

compressors (for a study of the nitrogen- tain 1*5-2*25% of chromium and not over 0*30% 
hydrogen-carbon monoxide mixture, see Ver- of carbon ; in some cases about 0*20% of 
schoyle, Phil. Trans. 1931, 230, 189) is scrubbed vanadium is added. Molecular nitrogen is 
in 19 towers with ammoniacal cuprous formate appreciably absorbed by iron only above 900°, 
solution circulated by nine double pumps of the amount taken up being proportional to Vp 
600 h.p. The carbon monoxide recovered by (Martin, Stahl und Eisen, 1929, 49, 1861 ; 
reducing the pressure in towers is sent to the Sieverts and Kriill, Ber. 1930, 68 [B], 1071 ; 
hydrogen contact plants. Six towers for Gray and Thompson, J.S.C.I. 1931, 50, 363 t ; 
sodium hydroxide solution remove the remain- Gray, ibid. 1932, 51, 637 ; Emmett and 
ing carbon monoxide, this solution being cir- Brunaucr, J. Amer. Chem. Soc. 1933, 56, 1738). 
culated by six small pumps. Lining the converter with silicon or silicon alloys 

The gas now passes to nine small contact fur- has been proposed (l.G. Farbenind.). An ad- 
naces (“ Vorofen ”), in which the remaining vantage of the Mont Cenis process (q.v.) is that, 
impurities are removed by the catalyst mass on account of the low working-temperature 
before passing to the main contact system. (370°), ordinary carbon steels may be used 
There are 24 main catalyst units (five being in (Riley and Bolt, Chem. Age, 1931, 24, 188). A 
reserve), and 24 heat exchangers. Circulation copper-manganese alloy resists hydrogen and 
is effected by 11 pumps of 700 h.p. each. The carbon monoxide at high temperatures (Bosch, 
ammonia formed is absorbed in water com- Chem. Fabr. 1934, 7, 1). 

pressed to 200 atm. by five 100 h.p. and two Great numbers of methods of purifying the 
300 h.p. pumps, in 20 towers 39*3 ft. high and Ng-f SHg gas mixture before conversion have 
29 in. in diameter. The ammonia solution is been described and protected (B. Waeser, 
pa.ssed to an expander, the ammonia gas evolved “ Die Stickstoffindustrie,” Leipzig, 1924, p. 83 ; 
being absorbed in a separate tower. In the ex- Muller, in Ullmann, “ Enzyklopadie der tech- 
pansion the hydrogen and nitrogen gases dis- nischen Chemie,” 2nd ed., Vol. 1, p. 349; A. 
solved in the water under 200 atm. pressure are Brtiuer and J. D’Ans, “ Fortschritte in der 
liberated ; those pass through the ammonia anorg.-chom. Industrie an Hand der doutschen 
scrubbing tower and are collected in a gas- Reichs-patente,” Berlin, Band 1, 3 parts, 1921- 
holder, from which they re-enter the circulatory 23 ; Band 2, 2 parts, 1926 ; Band 3, 4 parts, 
system. 1928-30; Band 4, 3 parts, 1934-36; G. 

Absorption of ammonia from the gas by moist Schuchardt, “ Technisehe Gewinnung von Stick- 
silica gel or active alumina, regenerated by steam stoff, Ammoniak, etc.,” Sammlung chem. u. 
or dry ammonia-free gas, is proposed (I.G.- chem.-techn. Vortrage, 1919, 25, 213; L’Air 
Farbenind., B.P. 495026, 1937; not granted). Liquide, U.S.P. 1915723, 1933). These include 

The synthetic ammonia factory of Imperial scrubbing the gas with liquid ammonia, or with 
Chemical Industries at Billingham uses a pro- a solution of sodium in liquid ammonia, under 
cess similar to that used at Merseburg (Pollitt, pressure (Norsk Hydro.) ; the addition of a 

J. S.C.I. 1927, 46, 291t) with a production in regulated amount of ammonia to the gas, say 
1931 of 160,000 tons of ammonia, and another in the form of gas from the converters, followed 
works under their control is operating at by cooling to liquefy out the ammonia and im- 
Moddersfontein in South Africa (South African purities (Park, Slade, and Synthetic Ammonia 
Min. and Eng. J. 1931, 42, 3, 39 ; Trans. South and Nitrates, Ltd., B.P. 240360, 1926). 

African Inst. Elec. Eng. 1932, 28, 266). When the hydrogen is obtained from water 

The deterioration of steels under the action gas it is usual (as at Mersc burg) to blend the 
of the compressed heated mixture containing water gas and producer gas to form a mixture of 
hydrogen, nitrogen, and ammonia is important, carbon dioxide, carbon monoxide, hydrogen, and 
Ordinary carbon steels are quickly penetrated nitrogen, so that after separation of carbon 
and fissured by the carbon dissolving to form dioxide, and the catalytic formation of hydrogen 
methane, and all steels are attacked to some from admixed steam and the carbon monoxide 
exteixt and their tensile strength lowered, (economy in which may be effected by using 
Nickel steels are deeply penetrated but show a hot water-gas without condensation), a mixture 
high residual strength; chromium steels of Nj+SHj is obtained directly. Large num- 
deteriorate more rapidly as the carbon content bers of methods for particular ways of producing 
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these mixtures are patented. I.G. Farbenind. 
(U.S.P. 1666694, 1928) pass through one pro- 
ducer steam and two mixtures of oxygen and 
nitrogen from air liquefaction, one richer and 
the other poorer in oxygen than atmospheric 
air, so that the resulting as contains 1 vol. Nj 
to 3 vol. (H2+CO). The removal of carbon 
monoxide from the gas by catalytic conversion 
to methanol has been proposed (Jordan, Proc. 
World Eng. Congr. 1929, 81, 139 ; Williams and 
Lazote Inc., B.P. 258887, 1925). In separating 
residual carbon monoxide the washing with am- 
moniacal copper solution, which may bo cooled 
at 0°, alone is often used, the sodium -hydroxide 
pressure-wash being omitted (Oely and Syn- 
thetic Ammonia and Nitrates, Ltd., B.P. 220651, 
1923; Chem. Trade J. 1931, 89, 471). Claude 
(Compt. rend. 1921, 173, 653; Ind. Eng. Chem. 
1922, 14, 791) obtained hydrogen from w'^ater gas 
by liquefaction of the carbon monoxide. In 
Germany the LG. Farbenindustrie maktvs cheap 
hydrogen from lignite, which can be steamed in 
powder form in a special type of gas producer. 

The possibility of the conversion of methane in 
natural gas, coal gas, and gases from petroleum 
treatment, into hydrogen has received attention. 
Treatment with steam is one process (Armstrong, 
Chem. Trade J. 1931, 39, 448 ; J.S.C.I. 1930, 49, 
53t). The Kuhlmann Co. in France convert 
methane in purified coke-oven gas into carbon 
monoxide by mixing with steam and heating at 
1,200° in contact with a refractory containing 
over 75% of alumina, ra.p. 1,900°, no specific 
catalyst being necessary (Chem. Trade J. 1931, 
89, 453; Wietzel and Schiller, U.8.P. 1921856, 
1933; Wilcox, IJ.8.P. 1901136, 1903845, 

1905326,1933; 1962418,1934; Williams, U.S.P. 
1938202, 1933 ; v. Hydrocjen, Vol. VI, p. 328). 

At Ougree (Belgium) synthetic methyl alcohol 
is made as a preliminary to ammonia synthesis 
and very pure hydrogen is not necessary (Claude, 
Chim. et. Ind. 1937, 37, 3). The methane con- 
tent of coke-oven gas may bo reduced from 21 
to 0*5% by reaction with steam in presence of a 
nickel catalyst (Thau, Z. Ver. dout. Ing. 1938, 
82, 862 ; cf. Uu Pont de Nemours, U.S.P. 
2064867, 1936; 2119565-6, 1938). 

Explosion of methane-air mixtures gives a 
nitrogen-hydrogen mixture (Kabozev, Kazar- 
novski, and Kaschtanov, J. Chem. Ind. Russ. 
1935, 12, 1030). 

In the Liljenroth process used at Merseburg, 
phosphorus vapour mixed with steam is passed 
over a catalyst at 700-1,000° to produce hydro- 
gen for ammonia synthesis and phosphoric acid 
for mixed fertilisers : 

P4+16H20=4H3P04-fl6H2, 
but the formation of phosphine : 

P4+12H20=PH3-|-3H3P04+eH2 

is difficult to avoid (F. A. Ernst, “ Fixation of 
Atmospheric Nitrogen,” New York, 1928, p. 68; 
Wietzel and Pauckner, U.S.P. 1916594, 1933). 

The use of sulphur instead of phosphorus is 
proposed (Norsk Hydro., B.P. 176779, 181326, 
1921). 

Coke-oven gas as a source of hydrogen was 
proposed by Claude (B.P. 130358, 1917; 

Compt. rend. 1919, 169, 649, 1039; 1920, 170, 


174; 1921, 172, 974; 1922, 174, 157, 681; 
1926, 182, 877 ; Ind. Eng. Chem. 1922, 14, 1118 ; 
Chim. et Ind. 1924, 11, 1055; 1937, 87, 3; 
Brownlie, Ind. Eng. Chem. 1938, 30, 1139; 
Cicali, U.S.P. 1885059, 1932). 

In the original proposal, washing with a sol- 
vent such as ether at —50° and 100 atm. pres- 
sure, was used, but in later processes purifying 
aqueous washes are used, followed by pro- 
gressive cooling to liquefy all gases except 
hydrogen, washing with liquid nitrogen and 
addition of further nitrogen being used at the 
end to obtain the N 3+ 3 H g mixture. A recovery 
of 92% of the hydrogen in the coke-oven gas, 
with less than 0*02% of carbon monoxide, is 
claimed. In certain circumstances the process 
is more economical than that starting with 
water gas (Claude, Chem. Met. Eng. 1923, 28, 
498; Moldenliauor, Chem.-Ztg. 1924, 48, 233; 
Anon., Metallborse, 1924, 14, 817, 993; Z. 
angew. Chem. 1924, 37, 76; Schonfelder, Ber. 
Gcs. Kohlentech. 1925, 1, 397 ; Dodge, Chem. 
Met. Eng. 1926, 33, 416; Muller, 8tahl und 
Eisen, 1928, 48, 405 ; Jordan, Proc. World Eng. 
Congr. 1929, 31, 139 ; Thau, i)as Gas u. Wasser- 
fach, 1930, 73, 767; Gas J. 19.30, 191, 524; 
l\)llitt, Trans. Sec. World Pow'cr Conference, 
Berlin, 1930, 2, 145 ; Armstrong, J. Soc. Arts, 
1932, 80, 611). 

Parrish (Chem. Age, 1933, 29, 591) gives per 
mcitric ton of ammonia as 25% liquor from coke- 
oven gas £6, water gas £7*2, electrolytic hydro- 
gen £7 to £11*7, with power at 0'05<'/. to O-lSc?. 
per kw^-hr. 

In the Casale plant at Ostend ( Pallemaerts, 
Ind. Eng. Chem. 1929, 21, 22) using the Union 
Chimique Beige method, the coke-oven gas is 
washed successively with ammonia solution, 
water, dilute sulphuric acid, and soda ; it is 
then compressed to 9 atm., and washed with 
water to remove acetylene, cooled to —45°, and 
fractionated by further cooling to separate 
ethylene, methane, and carbon monoxide in 
turn, the final gas being scrubbed with liquid 
nitrogen, further nitrogen gas being added to 
make up the mixture for synthesis. 

In the Mont Cenis process the purified coke- 
oven gas is washed with liquid nitrogen in 
a Linde-Bronn separator, which takes out 
practically everything except hydrogen and 
nitrogen, is mixed with further nitrogen and 
then, containing 0-05% each of carbon monoxide 
and oxygen, is compressed to 100 atm., heated 
to 300° by interchangers, and passed over a 
nickel catalyst, which converts the carbon mon- 
oxide into methane and the oxygen into water. 
It is cooled to deposit part of the water, mixed 
with some gas from the ammonia converters, 
and cooled to —55° to deposit liquid ammonia 
and impurities. The residual gas, containing 
0-2-0-6% of ammonia, is heated in exchangers 
to 320° and then goes to the converters at 370°, 
the issuing gas containing 12-13% of ammonia. 

The Claude Process. — Claude (B.P. 130086 
1917; 140083, 140089, 1918; 150744, 153264, 
1919; J.S.C.I. 1921, 40. 420r; Scott, Colliery 
Guardian, 1924, 127, 737 ; Rugarcia, Rev. ing. 
ind. Madrid, 1932, 3, 321, 362) uses much 
higher pressures (up to 1,000 atm.) than in the 
Haber process. Ilie increased cost of com- 
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pression from 260 atm. to 1,000 atm. is only 
one-third. The converters are much smaller, 
there is an increased evolution of heat which 
must be removed, and the gas is not recirculated, 
but passes bacjk to the gasholders. The yield 
is 6 kg. of ammonia per kg. of i^atalyst per hour, 
as compared with 4(H) g. in the Haber process, 
The^ working tomj)eratur e of the catalyst is 500- 
650°. The gas is so rich in ammonia (over ^0% 
by vol.) that this can be liquefied under the high 
pressure by external water cooling, and the cold 
produced by the evaporation of the liquid 
utilised (on the solubility of hydrogop in liquid 
ammonia, see Wiebe and Gaddy, J. Amer. 
Chem. Soc. 1937, 69, 1984). The process may 
be combined with the Schreib modification of 
the ammonia-soda process (G.P. 36093, 1885) 
to make ammonium chloride, or the ammonia 
can be converted into sulphate. 

The catalyst tubes for the Claude process, 
which must withstand high pressure, may be 
cast solid and bored out from sj)ecial nickel- 
chrome steel (“ Virromc ”) not attacked by 
hydrogen. The heads fit with a gun-breech 
mechanism and copper washer. Four catalyst 
tubes form a unit, the first pair in {)arallel, the 
others in series. The tubes are 2 m. high and 
100 mm. in outside diameter. The overall 
energy consumption is below 2-5 kw.-lir. per 
kg. of anhydrous ammonia. The life of the 
catalyst is 300 hours (Z. angew. Chem. 1930, 43, 
417 ; Maxted, Proc. Chem. Eng. Group Soc. 
Chem. Ind. 1928, 8, 19). The Claude process is 
worked at Bethune and Waziers in France, in 
Belgium, Germany, Spain, America, and Japan. 

At the Du Pont works at Belle, W. Va., the 
gas for conversion is compressed to 1,000 atm. 
in stages of 25, 85, and 320 atm., and the CO 
removed by conversion to methanol (Anon., 
Ind. Eng. Chem. 1930, 22, 433). 

The Casale Process. — This process (Bra- 
hara, J. Ind. Eng. Chem. 1922, 14, 791 ; J. R. 
Partington, “ The Alkali Industry,” Bailli^re, 
1925, p. 263, Fig. 73), first operated in Italy, 
resembles the Claude in using a high pressure 
(600-900 atm.), but regulates the production of 
heat in the converter by leaving a proportion of 
ammonia in the gas recirculated. The working 
temperature is about 5(K)°c., with a space- time 
velocity (cu. ft. gas at S.T.P. per hour per cu. ft. 
catalyst) of 12,000. The effluent gas contains 
15% of ammonia. The catalyst is made by burn- 
ing iron in oxygen under high pressure so as to 
oxidise 5-15% and volatilise harmful impurities. 
The converter is 20 ft. long and 14 in. in 
internal diameter, and contains about 10 cu. ft. 
of catalyst disposed in an annular ring 3 in. 
thick and 18 ft. long. The entering gas passes 
up in contact with the inner surface of the shell, 
in heat-exchange contact with the hot exit-gas. 

It then passes down an electric heater in th(^ core 
of the shell, the whole process being kept slightly 
endothermic, up through the annular catalyst, 
down the heat exchanger, and out. The catalyst 
is changed every year. The process is used at 
Temi (Rome), Ostend (760 atm.), Toulouse (the 
largest French factory), Niagara Falls, Japan, 
etc. (Ind. Eng. Chem. 1929, 21, 22). The Casale 
plant in Canada, at Sandwich, which supplied 
all the anhydrous ammonia required in the 


Dominion, prepares the mixed gas by burning 
electrolytic hydrogen in air so as to give directly 
3H2+N2» which is scrubbed and converted 
(Brown, Chim. et Ind. 1934, 32, 759). Part of 
the ammonia is oxidised to nitric acid at Beloeil, 
Quebec (Chem. Age, 1931, 25, 6). 

The Fauser Process. — This was introduced 
by the Societa Elettrochiniica N()varos<‘ at 
Novara, Italy (J.^S.C.J. 1923, 42, 835 r ; Fauser, 
Giorn. Chim. Ind. Ajr])!. 1031, 18, 361 ; I pro- 
gress! dell’ industr. chim. ital.. Assoc. Ital. di 
Chimica, Rome, 1 932, 55 ; Oongr. int. Quim. 
pura appl. 1934, 9, III, 402; Pastonesi, In- 
dustria Chimica, 1932, 7, 583; Chim. c L’Ind. 
193(), 18, 511; (Iiim. ct Ind. 1937, 35, 1115; 
Giorn. Chim. Jiul. Appl. 1934, 14, 444, 615; 
Zambianchi, Chem. Age, N.Y., 1923, 81, 413 ; 
Brauer, R(*itstotter, and Siehenreieher, Angew. 
Chem. 1933, 46, 7 ; Maveri, Chim. e L’Ind. 1939, 
21, 572). It works at a moderate pressure of 
250-300, or even 200 atm., the gases being pre- 
heated to 600° in a battery of tubes embedded 
ill the catalyst material, and the temperature is 
gradually lowered to 450° as the proportion of 
ammonia increases. Ammonia not liquefied by 
cooling is dissolved out in water used to lubricate 
the eompresHor, and the dissolved gas is driven 
out in a heat exchanger warmed by the con- 
verter gas. 

The Fauser plant of the Consolidated Mining 
and Smelting Co. at Trail, B.C., with a capacity 
of 47 tons of ammonia per day, uses electrolytic 
hydrogen, and nitrogen from a (3aude plant. 
The operating preissure is 300 atm., liquid am- 
monia being obtained directly, and stored in a 
3()-ft. diameter Horton sphere (MeMichael, 
Chom. Met. Etig. 1930, 37, 484; J.S.C.I. 1931, 
50, 625r; Chem. Traded. 1931,89,524; Kirk- 
patrick. Chem. Met. Eng. 1931, 38, 626; Ind. 
Eng. Chem. 1930. 22, 433, for transport of 
ammonia). 

The largest Fauser installation (40,000 tons 
of nitrogen per annum) is at Sluiskil, Holland, 
operated by the Compagnie N^erlandaise de 
I’Azote (BoreUi, Chem. Met. Eng. 1932, 89, 126 ; 
Chem. Age, 1932, 26, 368 ; Chem. Trade J. 1933, 
92, 464). Both coke-oven gas and water gas are 
used, the pressure in the converter being 250- 
300 kg. per sq. cm. and the total capacity of the 
six converters is 600 tons of ammonia per 24 
hours. An activated iron catalyst is used, which 
requires renewal once a year. Two preliminary 
converters transform any residual carbon mon- 
oxide into methane, w’hich is not a catalyst 
poison. Preliminary heating is electrical, but 
once reaction has started the current is shut off. 
Ammonium sulphate is produced at Sluiskil 
(Fauser, B.P. 292129, 1927) in a steel reaction 
chamber in which ammonia gas is introduced 
at the bottom and meets a shower of sulphuric 
acid distributed at the top. The heat of reaction 
volatilises the water and the dry salt is removed 
from the bottom by screw conveyers. The plant 
can produce 800 tons per 24 hours. 

Fauser plants are in operation in other parts of 
Holland, in Germany (Piesteritz), Poland 
(Tamow), Sweden, Japan, etc. / 

The Duparc Process. — This process (B.P. 
140061, 1919; Duparc, Wenger, and Urfer, 
Helv. Chim. Acta, 1930, 18, 650) was to work at 
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atmospheric pressure and 326° to produce a gas 
containing 25% of ammonia, but does not seem 
to have been used technically. 

The Mont Cents Process. — This was set 
in operation near Essen in Germany in 1928, 
producing 24,000 tons of fixed nitrogen per year. 
There are plants also in Holland, France, and 
America. A low pressure of 98 atm. and a low 
temperature of 400°o. are used. With a practical 
speed of working, the effluent gas c'ontains 20% 
of ammonia. The special features are the 
catalyst (Uhde, B.P. 273736, 1926) and the 
purification of th(‘ gases (Scholvien, Chem. 
and Met. Eng. 1931, 38 , 82; Chem. Age, 
1931, 24 , 304; Parrish, ibid. 1931, 25 , 581; 
Armstrong, J. Soc. Arts, 1932, 80 , 611). 

Synthetic ammonia plants using coke-oven 
gas (probably Mont Cenis or modified processes) 
in use in Germany in 1932 (Ullmann, “ Enz,v- 
klopadie der technischen Chernie,” Vol. JX, 
p. 720) with the stated capacities in metric 
tons of fixed nitrogen per annum were : Mont 
Cenis (30,000), Herne (40,000), Holten-Sterkade 
(45,000), Scholwen (52,000 ; Mont Cenis, making 
liquid ammonia), Ost-Erkenschwick (22,.500) 
Waldenburg (22,600), and Rexel (20,000 ; 
Claude, making liquid ammonia). 

The American synthetic ammonia production 
for 1931 was estimated at 290,000 tons (Riley 
and Bott, Chem. Age, 1931, 24 , 188). The 
synthetic plants in America, in order of capacity, 
are : Atmospheric’ Nitrogen Corporation, Syra- 
cuse, N.Y. ; Lazote Inc. (Du Pont Subsidiary) 
at Charleston, W. Va. ; Mathieson Alkali Works, 
Niagara Falls (using electrolytic hydrogen) ; 
Niagara Ammonia Co. (Du Pont Subsidiary) ; 
Roessler-Hasslacher Chemical Co., Niagara 
Falls; the Pacific Nitrogen Corporation (Du 
Pont Subsidiary) at Seattle, Washington ; the 
Great Western Electrochemical Co. at Pittsburg, 
Calif. Of the American plants, calculated on 
capacity, 67% operate with water gas, 32% 
on by-product hydrogen, and 11% on electrolytic 
hydrogen. Synthetic sodium nitrate is made at 
the Hopewell, W. Va., works (Chem. Trade J. 
1931, 88, 388). 

The world capacity of synthetic ammonia 
plants in 1936 was given as 6,600,000 tons of 
ammonia per annum (Breslauer, Chem. Met. 
Eng. 1936, 48 , 282). 

Ammonia gas is catalytically decomposed in 
contact with heated metals such as iron, plati- 
num, and tungsten (Perman and Atkinson, Proc. 
Roy. Soc. 1904, 74, 110; Bodenstein and 
Kranendieck, Nemst Festschrift, 1912, 99 ; 
J.C.S. 1912, 102, ii, 1165). On platinum and 
tungsten the rate of decomposition at a given 
temperature is given by 

—dc/dt~kc/(Sni- €h) 

where c= ammonia pressure, nitrogen pres- 
sure, As=hydrogen pressure, and A:, S, and e are 
constants (Hinshelwood and Burk, ibid. 1926, 

127 , 1106; Schwab, Z. physikal. Chem. 1927, 

128 , 161 ; 1928, 181 , 446). 

The use of “ cracked ” synthetic ammonia 
(N j4-3Hji) or ammonia itself for heat-treatment 
of metals, etc., has been proposed (Anon., Ind. 
Eng. Chem. 1930, 22 , 433 ; Pollitt, Chem. Age, 
1931, 25 , 670; Burke, U.S.P. 1916120, 1933; 


Hall and Imp. Chem. Ind., B.P. 380110, 1931 ; 
Chem. Trade J. 1931, 89 , 206; 1933, 92 , 469; 
Brandt, Metals and Alloys, 1942, 16 , 60). 

Fixation of Nitbogen as Nitkides. 

Many elements, such as lithium, calcium, mag- 
nesium, and boron absorb nitrogen when 
heated, forming nitrides which are decomposed 
by water with evolution of ammonia (E. B. 
Maxted, “Ammonia and the Nitrides, ’’Churchill, 
1921 ; Franck, Bredig, and Hoffmann, Natur- 
wisR. 1933, 21, 330). A more promising reaction 
is the formation of aluminium nitride AIN from 
nitrogen and a mixture of alumina and carbon 
at very high temperatures : 

AlgOa-fSC+Ng ^ 2AINH-3CO~140 kg.-cal. 

Aluminium itself begins to absorb nitrogen at 
750° (Fichter and Oostcrlield, Z. Elektrochem. 
1915, 21, 50). Aluminium nitride can be decom- 
posed by heating with water and a little alkah 
under pressure, with production of alumina, 
which may serve for the manufacture of metallic 
aluminium : 

AIN + 3H20-AI(0H)3-| NH 3 . 

These reactions wore apjilied in the Serpek 
Process (B.P. 13086, 1910, and numerous later 
patents ; summary in GmeJin, “ Handbuch 
der anorganischen Chemie,” Berlin, 1933, Part, 
35b, p. 137), which was worked for a time in 
the Savoy, but later a bandonod . The absorption 
is greatly accelerated by iron oxide, so .that 
bauxite forms a suitable raw material. A 
temperature of l,800°o. was necessary, the time 
of contact was 5-6 hours, and the refractories 
suffered considerably. The original claim was 
1 kg. of nitrogen fixed for 10-12 kw.-hr. 

8erpek states that a mixture of hydrogen and 
nitrogen gives better results than i)roducer gas. 
The Shocld furnace is similar to that used for 
cyanamide (p. 5546), with a central heating rod 
cf carbon, the charge being a briquetted mixture 
of 3 parts of alumina and 1 part of carbon. In 
the latest type of furnace proposed (Z. kom- 
primierte u. fliiss. Gase, 1914, 16 , 66) a short 
chamber, 4 m. high and 1*6 m. wide, is used. 
The mixture of bauxite and carbon is dropped 
through the nitrogen at a temperature not 
exceeding 1,260-1,300°, and conversion takes 
place more rapidly than in the old type of 
revolving furnace; producer gas is used, and 
pure carbon monoxide passes out of the furnace. 
Two tons of alumina are obtained and 500 kg. of 
nitrogen fixed per h.p.-year. The process does 
not appear to be used on the industrial scale. 
(See also Richards, J. Ind. Eng. Chem. 1913, 6, 
336; Tucker, J.S.C.I. 1913, 82, 1143; Escher, 
Chem.-Ztg. 1918, 42 , 363, 361 ; Shoeld, U.S.P. 
1344153, 1920; Herman, G.P. 319046, 1920; 
Krauss, Thompson, and Yee, Ind. Eng. Chem. 
1926, 18 , 1287). 

Fixation of Nitrogen as Cyanides. 

The production of alkaH and alkaline-earth 
cyanides starting with elementary nitrogen, and 
the hydrolysis of the cyanides with formation 
of ammonia, has often been proposed, and at 
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one time the Bucher process (J. Ind. Eng. Chem. 
1917, 9, 233; v, Cyakides, Vol. Ill, 482) 
attracted some attention. It has never been of 
any significance as a source of ammonia, and 
later developments have been concerned with 
attempts to produce cyanides (see Heise and 
Foote, ibid. 1920, 12, 331 ; Mount, Met. 

Chem. Eng. 1920, 22, 709; Thompson, ibid. 
1922, 26, 124 ; Berl and Braune, Fortschr. Chem. 
Phys. u. phys. Chem. 1925, 18, 199 ; Guernsey 
et al.y Ind. Eng. Chem. 1920, 18, 243). 

The Thann process for the production of 
sodium cyanide depends on the reaction 

CaC N 2 "f* 2CnC2“!" bJ32 

(Hatt, Chim. et. Ind. 1932, 28, 777 ; cf. Krotov, 
J. Chem. Ind. Moscow, 1933, 10, No. 4, 28; 
Carlisle, Ind. Eng. Chem. 1933, 25, 959; 
Buchanan, Chim. et Ind. 1932, 28, 1024; 
Br&uer, Reitstotter, and Siebenreichor, Angew. 
Chem. 1933, 46, 7). The reduction of sodium 
cyanate to cyanide by carbon monoxide is 
practically quantitative at 700° (Drucker and 
Henglein, Z. physikal. Chem. Bodenstein Festb. 
1931, 437). 

The synthesis of hydrocyanic acid from 
nitrogen and hydrocarbons (v. Cyanides, 
Vol. Ill, 4986) has been studied. 


COo 

-2NaCN + 3CaO+4C 


The Cyanamide Process. 

(See also Vol. II, 219c.) 

According to Moissan (Compt. rend. 1894, 
118, 601) calcium carbide does not absorb 
nitrogen at 1,200°, but Rothe, and Frank and 
Caro (G.P. 92687, 1896; 227864, 1907; Z. 
angew. Chem. 1903, 16, 658, 753; 1906, 19, 
836; 1909, 22, 1178), working with crude 

carbide, found that absorption occurs readily 
at that temperature, with the formation of a 
mixture of calcium cyanamide and graphite by 
an exothermic reaction : 

CaC2+N2=-CaCN2+C. 

With barium carbide 30% of the nitrogen is 
absorbed as barium cyanide, Ba(CN) 2 , and the 
rest as barium cyanamide, BaCN 2 (Erlwein, 
Z. angew. Chem. 1903, 16, 633 ; Askenasy, 
G.P. 382041, 1922; Deguide, F.P. 691019, 
1924; Grude, Z. Elektrochem. 1922, 28, 150; 
Askenasy and Bring, ibid. 1926, 32, 216 ; 
Schweitzer, ibid. 1926, 32, 98). The yield of 
calcium cyanamide is about two-thirds of the 
theoretical. 

The crude dark-grey product of the absorption 
of nitrogen by calcium carbide is known as 
“ nitrolim ” or “ KalkstickstofiF ” and contains 
about 20% of combined nitrogen. When 
treated with water to remove unchanged car- 
bide the product is called “ cyanamide ” and is 
used as a fertiliser. 

The absorption of nitrogen by carbide is 
reversible at 1,360° and the best temperature for 
the reaction is 1,000-1,100°. 

Finely powder^ calcite heated in a mixture of 
ammoma (95%) and carbon dioxide (6%) at 
800° gives a product containing 92-94% of 
CaCNg (Nagai and Yamaguchi, J. Soc. Chem. 


Ind. Japan, 1940, 43, 361b), and pure calcium 
cyanamide (which is white) is obtained by heat- 
ing dicyanodiamide (H 2 CN 2)2 602d) 

with calcium oxide in nitrogen at 900-1,000° 
(Kameyama, J. Coll. Eng. Tokyo, 1920, 10, 
173). It oxidises in air above 400° : 

2CaCN24-302-2Ca0-f2C02+2N2. 

The crystal structure is analogous to that of 
sodium azide NaNg with a hexagonal lattice 
(Bredig, J. Amor. Chem. Soc. J942, 64, 1730). 

The system : 

CaC2“l“ N2~CaCN2“f'C 

was investigated by Bredig, Fraeiikel, and 
Wilke (Z. Elektrochem. 1907, 13, 69, 605; r/. 
Foerster and Jacoby, ibid. 101 ; Kudolfi, Z. 
anorg. Chem. 1907, 54, 170), who found that the 
rate of absorption of nitrogen is proj^ortional to 
the pressure, other things being constant. 
Thompson and Lombard (Met. Chem. Eng. 
1910, 8, 617, 682) found that the system is 
imivariant, there being a fixed equilibrium 
pressure of nitrogen at each temperature. The 
pressure-temperature curve has two branches, 
the branch from 940°o. to 1,150°C. rising like a 
vapour-pressure curve, whilst between 1,150°C. 
and J ,450°c. the curve becomes a straight line ; 
in this region the pressure depends on the com- 
position of the solid phase. Le Blanc and 
Eschmann (Z. Elektrochem. 1911, 17, 20) also 
found that the pressure above 1,200° depends on 
the nitrogen content of the solid phase as well 
as on the temperature, indicating that sohd 
solutions are formed ; they also found difficulty 
with the sublimation of calcium cyanamide. 

The action of fluxes, e.g.^ calcium fluoride, on 
the reaction has been studied (Bredig, Fraenkel, 
and Wilke, l.c . ; Foerster and Jacoby, l.c, ; 
ibid. 1909, 15, 820; GeselLschaft fiir Stickstoff- 
dunger, G.P. 163320, 1901). Calcium chloride 
lowers the temperature of absorption of nitrogen 
from 1,100° to about 800°, calcium fluoride to 
900°. The fluxes probably remove a protecting 
film from the surface of the carbide. There is 
an optimum amount of fluoride, depending on 
the temperature. 

The heat of formation of calcium cyanamide 
was determined, from the heat of combustion of 
a 98% specimen, free from carbon, as 84-0 kg.- 
cal. at constant volume and room temperature 
(Franck and Hockwald, Z. Elektrochem. 1926, 
31, 681), which corresponds with a heat of 
reaction : 

CaC2+N2=CaCN2+C+70'6 kg.-cal., 

whilst the value 68*4 kg.-cal. was found from 
equilibrium measurements at 1,080-1,130° 
(Franck and Heimann, ibid. 1927, 33, 469). 
Kameyama (J. Coll. Eng. Tokyo, 1920, 10, 173) 
found 94*8 kg.-cal. (cfalso Matignon, Ann. Chim. 
Phys. 1908, [viii], 14, 1 ; Dolch, Z. Elektrochem. 
1920, 26, 466; Ehrlich, ibid. 1922, 28, 529; 
Kameyama, J. Fac. Sci. Tokyo, 1923, 13, 61, 
76 ; Krase and Yee, J. Amer. Chem. Soc. 1924, 
46, 1368; Franck et al.y Samml. chem. u. 
chem.-techn. Vortrage, N.F., 1931, 6 ; Kame- 
yama and Oka, J. Soc, Chem. Ind. Japan, 1931, 
34, 326b ; Gabrielova, Trans. Sci. Inst. Ferti- 
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L'sers, Moscow, 1932, No. 92, 49; Barsky, Chim. 
et Ind. 1932, 28, 1032; Gelhaar, Tekn. Tidskr., 
Uppl. C. (Kemi), Stockholm, 1932, 62, 81 ; Aor.o, 
Bull. Soc. Cham. Japan, 1933, 7, 287). The 
heat of the hydrolysis reaction (Franck and 
Freitag, Z. Elektrochem. 1932, 38, 240) is: 

C sC N 2~h 3 H ftO (gas) 

--CaC03+2NH3(gas)-f-53-C kg.-cal. 

or, with liquid water : 

CaCN2+3H20(liq.) 

= CaCC53-f-2N H3(ga8)-f 20'() kg.-cal. 

(Kameyama calculated 14-1 kg.-cal.; Landis 
estimated 200-300 CJ.H.U. per lb. of ammonia 
in autoclaves, J. Ind. F]ng. Cham. 1916, 8, 156). 
The kinetics of cyanarnide formation were 
studied by Franck, Hochwald, and Hoffmann 
(Z. physikal. Chem. Bodenstein Festb. 1931, 
895). 

The processes for the absorption of nitrogcjj 
by calcium carbidt^ may be divided into : 

(i) those in which exlernally-fired retorts are 
used, and the process worked discontinuonsly ; 

(ii) those in which the carbide is heated by 
electricity passed through a carbon rod in the 
mass of carbide, the process being worked dis- 
con tin uously ; (iii) those in which the carbide 
is passed continuously through an electric fur- 
nace in a current of nitrogen. At present, pro- 
cess (ii) is most used. 

The overall power requirement for cyanarnide 
production, including carbide, is 2 3 kw.-yr. (of 
8,500 hour), per metric ton of nitrogen fixed; 
or, as 0-5 kw.-yr. is required per ton of carbide, 
and 4 tons of carbide are required to fix 1 ton of 
nitrogen as cyanarnide, the power required for 
conversion of carbide to cyanarnide alone is 
0-3 kw.-yr. per metric ton of nitrogen fixed 
(Nitrogen Products Committee, Final Report, 
H.M. Stationery Office, 1919, p. 256). 

Calcium cyanarnide was first made in 1905 on 
a technical scale at Piano d’Orto, in Italy (Z. 
Elektrochem. 1906, 12, 551). 

The process was then workinl for a time in 
Norway. Cyanarnide has been made at Niagara 
since 1909 (Landis, l.c.). Lnto in 1917 the 
American Cyanamid Co. formed a subsidiary 
company, the Air Nitrates Corj)oration, to erect 
the U.S. Nitrate Plant No. 2 at Muscle Shoals, 
Alabama, for a capacity of 1 10,000 tons of 
ammonium nitrate per annum, at a cost of 
£12,000,(X)0 (Fairlie, Met. Chem. Eng. 1919, 20, 
8; Jones, ibid. 1920, 22, 417). For various 
reasons, this factory never operated, but as it 
represents a large-scale plant of its kind a 
description of it is given below. 

There are 16 rows of cyanarnide furnaces, 96 
in each row, or 1,536 in all. The cyanarnide fur- 
naces (Fig. 1) are 4 ft. 4 in. in outside diameter 
and 2 ft. 10 in. in inside diameter, and 5 ft. 4 in. 
deep. They are steel shells with 9-in. firebrick 
lining. To charge a furnace a cylindrical paste- 
board or paper tube container 2 ft. 6 in. in 
diameter with a vertical paper tube 3 in. in 
diameter in the centre is inserted into the cojd 
furnace and a charge of 1,600 lb. of milled car- 
bide put in. There is an annular space of 2 in. 
between the paper and furnace wall. The 
cai4>on electrode is a f-in. pencil, 6 ft. 6 in. long, 


inserted in the paper tube. The covers are put 
on and the outer cover luted with sand. 

The nitrogen is brought in by an 8 -in. pipe 
between each pair of furnaces and two 1^-in. 
pipes carry off to the furnace, one to the bottom 
at the centre and the other at the side 6 in. above 
the bottom, each provided with a valve. The 
nitrogen reaches the furnace under 3-4 in. of 
water pressure. 

Single-phase current of 100 v. and 200-250 
amp. is turned on through the carbon rod for 
20 minutes, and is then cut down to 50 v. and 
100-115 amp. for 12 hours. The reaction gives 
out heat and is allowed to continue without 
current for 28 hoTirs altogether. The tempera- 
ture in the furnat'e is about l.IOO'^o. ; the 
nuiterial does not melt, but sinters into a solid 
cake. The approximate composition of the 
product is CaCNg 63, CaC 2 2, CaO 13, and 
C 1 1%. It is pulverised so that 95% passes 200 
mesh, all in an atmosphen* of nitrogen. The 
milled material is fed at a controlled rate to the 
hydrating troughs, of which there are three, 
36 ft. long and 3 ft. in diameter, each containing 



a horizontal shaft with projecting arms 20 in. 
long. Water is sprayed in at the feed end at a 
calculated rate to decompose the unchanged 
carbide. The material at the exit must be per- 
fectly dry. The agitator rotates at 50 r.p.m. 
and conveys the material at the rate of 50 ft. 
per minute. The cyanarnide is conveyed 
through an overhead tunnel to the ammonia 
autoclave building 300 ft. away. 

The autoclaves (American Cyanamid Co., 
U.S.P. 1889956, 1932; Pascal, Traite de 
Chimie min«5rale, 1932, 8, 690 ; Landis, Chem. 
Met. Eng. 1916, 14, 87) are of steel and 
cylindrical, 8 ft. in diameter and 20 ft. high, 
each provided with a vertical agitator revolving 
12 times per minute. A 2% solution of sodium 
hydroxide is run in to a depth of 9 ft. and 300 lb. 
of soda ash added, which reacts with the 13% 
of free lime in the cyanarnide to form sodium 
hydroxide solution of about 3% strength (the 
addition of soda causes some loss of nitrogen as 
dicyanodiamide, etc. ; Pascal, M4m. Poudres, 
1924, 21, 1). The charge of 8,000 lb. of cyan- 
amide is added from weigh bins. The acetylene 
from the 2% of still undecomposed carbide 
is allowed to escape through one valve through 
an exhaust fan. The outlet pipe is then 
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tightly cloned and steam from special boilers 
admitted at 150 lb. for 20 minutes. Ammonia 
forms, the reaction being exothermic. When 
the pressure roaches 250 lb. the ammonia valve 
is opened cautiously, but the pressure is main- 
tained for 3 hours. The pressure then falls and 
the ammonia is allowed to escape. The valve 
is shut again and steam admitted a second time 
for 20 minutes. The reaction proceeds at 200 
lb. pressure hm 1^ hours. The escaping gas 
contains 25% of ammonia and 75% of steam. 
It passes through a header and seven mud drums 
followed by seven ammonia column stills, each 
10 ft. in diameter and 25 ft. high, containing 16 
horizontal plates. The gas enters at the bottom 
and bubbles through caps over 4-in. holes in the 
plates, passing to 14 condensers arranged in 
seven sets of two in series, containing vertical 
tubes through which water circulates, where 
steam is condensed. The ammonia gas passes 
through a 28-in. [)ii)e, tapped by two 20-in. 
mains, one conveying 55% of the ammonia to 
two 600,000 cu. ft. gasholders for the ammonia 
oxidation plant, and the other 45% to the 
neutralisation plant for ammonium nitrate. 
The capacity of the plant is 1,000 tons of am- 
monia gas per week. 

7die autoclave sludge is blown out through 
an 8-in. outlet at the bottom by means of 
steam or air and falls by gravity to 20 rotary 
filters, five spare, operating under 20-in. mercury 
suction, where the 2% sodium hydroxide solu- 
tion is drawn off and returned to the autoclaves. 
Attempts have been made to use the corrosive 
sludge, e.gr., in making cement (Baumann, Chem.- 
Ztg. 1920, 44 , 562). 

The cyanamide furnaces now used by North 
American Cyanamid, Ltd. at Niagara Falls arc 
much larger than those at Muscle Shoals, each 
taking 8,000 lb. of carbide and, with the use of 
larger carbide furnaces, the energy has been 
reduced from 22,000 kw.-hr. per metric ton of 
fixed nitrogen to 9,000 kw.-hr., including all 
accessory operations. The cyanamide may con- 
tain 23-5% of nitrogen. The capacity of the 
plant at Niagara FaUs is 68,000 metric tons of 
fixed nitrogen per year (Lee, Chem. Met. Eng. 
1931, 88 , 564; M. de K. Thompson, “Theo- 
retical and Applied Electrochemistry,” New 
York, 1939, p. 479). 

A different type of process is used in some of 
the German cyanamide works, but it is of little 
importance in comparison with the internal 
heating method. 

It was found that calcium chloride lowered the 
temperature at which nitrogen is absorbed by 
carbide to 700-800°, so that the reaction could 
be carried out in retorts externally heated by 
fuel. This process (G.P. 163320, 1901) was 
adopted by the A.G. fiir Stickstoffdiinger at 
Westeregeln and at Knapsack, near Cologne. 
The latter works had a capacity of 1 1,000 tons of 
cyanamide per month. There are 10 carbide 
furnaces of the open rectangular type, charged 
by hand with a mixture of 100 parts of quick- 
lime and 66 of anthracite. The main portion of 
the carbide is reduced to nut-size and is then 
mixed with 10% of calcium chloride in tube 
mills, containing steel rods. 

The mixture is fed to the cyanamide cans, 


which are rectangular, 18 in. by 12 in. by 9 in., 
of thin sheet iron with a perforated bottom 
which can be removed in emptying. The 
bottom and sides are lined with paper before 
filling, and a piece of cardboard is laid on top 
of the charge. Fifteen cans are loaded on a car, 
which runs on a track the whole length of the 
furnaces. 

There arc 16 furnaces, about 120 ft. long and 
6 ft. in diameter, of 2-in. iron plates, sot in 
firebrick and heated by lignites gas. Nitrogen, 
from a Linde apparatus of 1,800 cu. m. per hour 
capacity, is fed in at the cooler end of the 
furnaccH, and tlie' carbide trucks run in at the 
opposite (uid. Every 8 hours three cars are 
pushed into the furnace by an electric ram. At 
the end of 24 hours, three cars, or 45 cans, of 
cyanamide have reached the nitrogen end of the 
furnace, are pushed out, and allowed to cool. 
The product is then ground in the same manner 
as the carbide. It (toniains 16-22% of nitrogen 
and 0*75% of calcium carbide (Allmand and 
Williams, J.8.C.I. 1919, 38, 304ii). A similar 
process is in use in the Rumanian factory at 
Soras (Matignon, Chim. et Ind. 1922, 7 , 26 ; 
J.S.C.l. 1922, 41 , 178k). 

A continuous method was described by 
Tofani (G.P. 246077, 1910). The method of 
Carlson (Chem.-Ztg. 1917, 41, 562) is used by the 
Ljunga Verk, Stockholms Superfosfat Fabriks 
Aktiebolag, »Stoekholm, which produced 20,000 
tons of cyanamide annually (B.P. 123796, 1918 ; 
A. B. Nitrogenium, G.P. 325152 and 330165, 
1916). In this, shaft-furnaces with shelves are 
used, and the mixture of (rarbide, with an 
indifferent substance such as lime, and 3*5% of 
calcium chloride or fluoride, drops across heat- 
ing electrodes and is moved from shelf to shelf 
down the furnace. There are 8-10 shelves per 
furnace, with automatic rakes for moving the 
carbide. The absorption of nitrogen is 80%. 
In the Tofani furnace the powder was dropped 
directly down the furnace, and the contact with 
the gas was much less complete. The product 
obtained in the Carlson furnace is in the form 
of coke-like lumps a few inches in diameter, 
instead of a hard solid cake. It is taken out by 
opening a hole at the bottom, constructed as a 
do\ible lock. The heating is effected by an 
electric arc in each furnace, the consumption of 
electrodes being 3-5 kg. per metric ton of 
cyanamide. The output of each furnace is 
20-25 tons of cyanamide per 24 hours. About 
15 kw.-hr., measured at the furnace, are used 
per kg. of nitrogen fixed in the form of cyan- 
amide, as compared with 20 kw.-hr. in dis- 
continuous processes, and the product contains 
about 20% of combined nitrogen. The advan- 
tages claimed for the process are : reduction in 
carbide consumption to 720-730 kg. of carbide 
of 300 1. per ton cyanamide ; a saving of 10% 
on erection costs ; a product richer in combined 
nitrogen; and lower working costs consequent 
on the use of a continuous process. The process, 
however, is used only in a limited number of 
works. 

The German cyanamide factories (with 
capacities in metric tons of nitrogen per year) 
were at Trostberg (50,000), Piesteritz (40,000), 
and Waldshut (14,000), using the Frank-Caro 
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process, and Knapsack (20,000), using the Pol- 
zenius process (Chem. Trade J. 1933, 93, 290). 
The process has been improved, the furnaces 
being enlarged, and purer raw materials used, 
so that the nitrogen content of the product has 
been raised to 20*0%, and the power consump- 
tion reduced from 18-20 kw.-hr. to 10 kw.-hr. 
per kg. of nitrogen {ibid. 1931, 88, 102 ; J.S.C.I. 
1929, 48, 74r; Enke, Tonind.-Ztg. 1932, 66, 
1137). The production increased from 44,000 
tons of nitrogen in 1924 to 95,000 tons of 
nitrogen in 1929, and new works have since 
been put into operation (Chem. Trade J. 1931, 
88, 102; c/. Gall, Chim. et Ind. 1921, 6, 430; 
Kahn, MetaUborse, 1928, 18, 1295, 1406, 1463 ; 
Krauss, Pohlaiid, and Wagner, in Ulhnann, 
“ Enzyklopadie der technischen Chemie,” 2nd 
ed., Vol. VIII, p. 1 ; Franck, Makkus, and 
Janke, “ Der Kal^tickstoff,” in Samml. chem. u. 
chem.-techii. Vortriige, N.F., 1931, 6). 

There are large cyanamide factories in Franco 
(Bellegarde ; J^annemezan), Russia, Yugo- 
slavia, and Japan. The process is one of the 
major nitrogen fixation methods : in 1938 (the 
last year for which cornplete statistics are 
available) the production of ammonium salts 
by the two main synthetic processes, expressed 
in thousands of metric tons of nitrogen, was : 
synthetic ammonia 533, cyanamide 321 {see 
p. 582d). 

Uses of Cyanamide — Besides its use as a 
source of ammonia, crude cyanamide (the 
CaCNg+C mixture) finds other uses. After 
suitable treatment by hydration, oiling, granu- 
lation, etc., to render it less corrosive and dusty 
{see B. Waeser and E. Fyleman, “ The Nitrogen 
Industry,” Churchill, 1926, Vol. II, pp. 373, 
412 ; American Cyanamid Co., F.P. 738685, 
1932; for poisoning by cyanamide, see Linne- 
berg, Amer. Chem, Abstr. 1933, 5419) it is 
used directly as a fertiliser. It deteriorates 
on storage (Jacob, Krase, and Braham, Ind. 
Eng. Chem. 1924, 16, 684) and is best kept in a 
dry place in sacks covered with dry sand 
(Zeleski, Przomysl Chem. 1931, 15, 271). In the 
preliminary treatment, the free lime is hydrated 
with water and the dry hydrated material 
treated with mineral oil or tar oil ; in this 
treatment there is an increase in weight of about 
10% of the cyanamide, but the nitrogen content 
is reduced, usually to about 16% (E. C. Worden, 
“ Technology of Cellulose Esters,” Spon, 1921, 
Vol. I, ii, p. 929). In the Gros process the 
hydration is carried out in two stages (7% and 
10%) with the cyanamide in a thin layer on an 
en&ss conveyor, the moist mass bein^ then 
passed between two cylinders, one perforated 
with J^-in. holes through which it is pressed out 
in small rods about f in. long. There is a loss 
of about 3% of fixed nitrogen as ammonia. 
The raw imtreated material is sometimes 
called “ nitrolim ” and the treated product 
“ cyanamide.” 

In British conditions the fertilising value of 
cyanamide nitrogen is about 94% that of 
ammonia nitrogen, but the function of the lime 
formed on hydrolysis in fixing nitric acid formed 
by nitrification of the ammonia is an important 
factor. In Egypt, cyanamide does not undergo 
sufficiently rapid nitrification to satisfy the 


needs of quickly growing crops, for which cal- 
cium or ammonium nitrate is preferable 
(Russell, J.S.C.I. 1917, 86, 256; Hendrick, 
ibid. 1918, 87, 146r ; E. J. Pranke, “ Cyanamid,” 
Easton, Pa., 1913). The mode of decomposition 
of cyanamide in the soil is not simple {see Cowie, 
J. Agric. Sci. 1919, 9, 113; Maz^, Vila, and 
Lemoigne, Compt. rend. 1919, 169, 804, 921; 
Sir A. D. Hall, “ Fertilisers and Manures,” 
Murray, 1929 ; Lefort des Ylouses, Chim. et 
Ind. 1927, 18, 216). On exposure to moist air, 
small quantities of ammonia are liberated ; 

CaCNgf SHgO-CaCOa-l 2NH3 
but free cyanamide is also formed : 

CaCNg+COa+HaO^CaCOg+CNNHg. 

The latter may then combine with water to 
form urea: CN-N H2+ H20=CO (N Hg) 2. Urea 
is converted by fermentation into ammonium 
carbonate : 

C0(NH2)a+2H20-(NH,)2C03. 

The latter is readily oxidised to nitrates in the 
soil. Other substances may be formed, such as 
basic calcium cyanamide, and dicyanodiamide 
(CNNH2)2 ; the latter compound has been said 
to be prejudicial to crop growth {see Pranke, l.c.), 
but this has not been confirmed. 

Besides its use as a fertiliser, cyanamide is also 
a source of various chemicals. It is converted 
to cyanide by fusion with a flux : 

CaCN2+C = Ca(CN)2 

{v. Cyanides, Vol. HI, 4886), and from cyanide, 
hydrocyanic acid for fumigation is prepared. 

Dicyanodiamide (C N • N 1^2)2 (Anon., Z. angew. 
Chem. 1903, 16, 520; v. Vol. HI, 602d), formed 
by the action of cold water on calcium cyan- 
amide : 


2CaCN2+4H20-2Qa(0H)2+(CNNH2)2, 

is used in the manufacture of dyes, and in 
reducing the temperature of explosion when 
mixed with explosives such as cordite, which 
alone rapidly destroy the rifling of guns. 

When calcium cyanamide is treated with 
acids or alkalis, cyanoguanidine, 


HN:C 


/ 

\ 


NH, 

NHCN 


and dicyanodiamidine, 


NH:C 


/ 

\ 


NH, 

NHCONH 


2 


are formed, from which urea and guanidine may 
be obtained (Morrell and Burgen, J.C.S. 1914, 
105, 576; Grube and Kruger, Z. physikal. 
Chem. 1913, 86, 65; Grube and Motz, ibid. 
1926, 118, 146). Guanidine is prepared by 
heating with acids in an autoclave. Guanidine 
nitrate and nitroguanidine are used as deter- 
rents in explosives. Urea may be obtained 
directly from calcium cyanamide by treating 
with 10-20% sulphuric acid at 20-26®, and is 
proposed os an effective fertiliser : 

CNNHj-f H20-C0(NH2 )j. 
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Veronal and creatin are also produced from’ 
cyanamide, and lead and copper cyanamidee 
are said to be of technical importance (Carlson, 
Z. angew. Chem. 1914, 27 , iii, 724 ; E. J. Pranke, 
“ Cyanamid,” Easton, Pa., 1913). “ Ferrodur ” 
is a material containing calcium cyanamide used 
in case hardening. 

Many methods for the analysis of cyanamide 
have been proposed (Perotti, Gazzetta, 1905, 35 , 
ii, 228; Caro, Z. angew. Chem. 1910, 23 , 2405; 
Brioux, Ann. Cliim. Analyt. 1910, 15 , 341 ; 
Stutzer and Soil, Z. angew. Chem. 1910, 23 , 
1873; Kappen, Chem.-Ztg. 1911, 35 , 950; 
Monnier, ibid.y p. 001 ; Stutzer, ibid.y p. 094 ; 
Kirchoff, ibid. 1912, 36 , 1058; Grubo and 
Kriiger, Z. angew. Chem. 1914, 27 , 326; Morcll 
and Burgen, J.C.S. 1914, 195 , 570 ; Weston and 
Ellis, Seventh Internal. Congress Appl. Chem. 
London, 1909, Rep. Sect. 1, p. 09; Kameyama, 
J. Coll. Eng. Tokyo, 1920, 10 , 173). The best 
method is to determine the nitrogen content by 
the Kjeldahl method (E. Berl and G. Lunge, 
“ Chem. -tech. Untersuchungsmetlioden,” Berlin, 
1932, Vol. II, i, p. 572 ; see also Erganzungswerk, 
ed. by J. B’Ans, Vols. II and III, 1939-40). 
Some analyses of different specimens of cyan- 
amide (P. Pascal, “ Trait6 de Chimie min6rale,” 
Masson, 1932, Vol. Ill, p. 683) are: 


CaCNa. 

N. 

CaC 2 . 

Ca3p>. 

59-90 

21-00 

0-3 

0-25 

61-48 

18-00 

0-195 

0-024 

40-90 

10-40 

0-160 

0-028 

C. 

Fe203 
-f AI 2 O 3 . 

CaO. 

Si 02 . 

12-0 

6-1 

19-0 

2-3 

11-82 

6-72 

25-21 

4-39 

11-90 

8-12 

27-82 

4-39 


The Aeo Process. 

Cavendish in 1784 (Phil. Trans. 1784, 74 , 
119; 1783, 78 , 201; J. R. Partington, “The 
Composition of Water,” Bell, 1928, p. 17) 
observed the formation of nitric acid when 
oxygen containing nitrogen is exploded with 
hydrogen (in the explosion of air with hydrogen, 
no nitric acid is formed, as the llame tempera- 
ture is too low), and of potassium nitrate when 
condensed sparks are passed through a mixture 
of air and oxygen confined over potash solution. 
Lord Rayleigh (J.C.S. 1897, 71 , 181) used a glass 
globe of 50 1. capacity, containing a mixture of 
9 vol. of air and 11 vol. of oxygen, in which an 
electric arc was burning. The resulting oxides 
of nitrogen were absorbed by allowing a fountain 
of sodium hydroxide solution to play over the 
inside of the globe. This also served to keep the 
vessel cool. An absorption of 21 1. of gas per 
hour was obtained with 0*8 kw., which gives 
a production of 46 g. of nitric acid per kw.-hr. 
In the most efficient modem arc furnaces the 
yield is 62 g. HNOg per kw.-hr. 

Crookes in 1892 (Chem. News, 1892, 65, 301) 
had shown that atmospheric nitrogen and 
oxygen bum with a true flame when a high- 
tension electric discharge passes through air, 
nitric oxide being formed by an endothermic 
reaction : 

Na+Os,-2NO-2 x 20-85 kg.-oal. 
McHougall and Howies (Mem. Manchester Phil. 
Soc. 1900, [iv], 44 , No. 13) in Manchester, and 


Bradley and Lovejoy at Niagara (U.S.P. 
709868, 1902; M. de K. Thompson, “Theo- 
retical and Applied Electrochemistry,” New 
York, 1925, p. 498), unsuccessfully attempted to 
utilise the arc process technically, since, al- 
though the yields were favourable, the apparatus 
was very complicated and subject to breakdown. 

The first successful industrial application of 
the arc process was made by K. Birkeland and 
S. Eyde (Trans. Faraday Sof . 1906, 2 , 98 ; 
U.S.P. 837277, 1906) in 1905 at Notodden, in 
Norway, where conditions for obtaining cheap 
electric energy from water power are very 
favourable. The’ power at Notidden is derived 
from the Svaelgfoss, about 1| miles up the 
valley, and the water passing over the Rjukan- 
foss generates in its passage to the Hitterdal 
lake 40,000 h.p. at the Svaelgfoss, 15,000 h.p. at 
the LienfoHs, and 20,000 h.p. at the Tinfoss, 
making a total of 75,000 h.p. available at 
Notodden. A new works was later established 
at Rjukan, at a cost of £3,000,000, with 300,000 
h.p. available. The power for this is derived 
from the Rjukan fall, the water of which is col- 
lected in the Moesvand Lake, with a capacity of 
708,000,000 cu. m. This reservoir is closed by a 
large dam and feeds the river Maana, the water 
of which is conducted through a tunnel, 4 km. 
long and 26 sq. m. in section, to a collecting 
house, from which it passes through ten steel 
conduits or flumes, 2 m. in diameter, carry- 
ing 50 cu. m. of water per second to the Rjukan- 
foss power house, which is 110 m. long and 20 m. 
wide, and houses ten turbines, each of 14,500 
h.p., directly coupled to the generators. The 
current is transmitted through sixty cables, 
some of copper and some of aluminium, to the 
Rjukan I works at Vermork and the Rjukan II 
works at Saaheim, both approximately the same 
size (J. R. Partington and L. H. Parker, “ The 
Nitrogen Industry,” Constable, 1922, p. 246). 

Another factory, formerly owned by the 
Norwegian company, is situated at Pierrefitte, 
on the French side of the Pyrenees, where water 
power from tw o lakes is used. This works used 
8,000 kw., producing 4,000 tons of nitric acid 
per annum. The water is obtained from the 
lake at Cauterets, at an altitude of 280 m., and 
that at Luz St. Sauveur, at an altitude of 140 m. 
It is conducted through six flumes, running 
dowm the Pic de Soulom, three to each lake, and 
3 ft. and 4 ft. in diameter, respectively. The 
high-pressure water passes to Pelton wheels 
and the low-pressure to turbines, in each case 
directly coupled to alternators. These also 
supply power for the electrified portion of the 
Midi Railway from Lourdes to Cauterets. 
The current is transformed to 10,000 v. for 
transmission to the works (Partington and 
Parker, op. cit.). This works now makes 
synthetic ammonia by the Casale process. 

The arc process at Rjukan has since 1928 been 
replaced by a synthetic ammonia and ammonia 
oxidation plant with a capacity of 140,000 tons 
of combined nitrogen per annum, with the same 
power expenditure as for 35,000 tons by the arc 
process. The hydrogen is made electrolytically 
at Vermork and sent by pipe-lino to Rjukan. 
The nitrogen is obtained by burning hydrogen 
in air. The I.G. Farbenindustrie A.-G. had 
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an interest in the process (J.S.C.l. 1931, 50, 
320 ; Chem. Trade J. 1933, 93, 266 ; Coutourier, 
Chim. et Ind. 1933, 29, 463). The arc process 
with 25 furnaces of 4,000 kw. was still operating 
at Notodden in 1939 (M. de K. Thompson, 
“ Theoretical and Applied Electro-chemistry,” 
Now York, 1939, p. 475). 

The arc process used a large amount of 
energy, 8'36-8*4 kw.-yr. per ton of nitrogen 
fixed. 

For the equilibrium constant of the reaction 
N2+02^2N0 Ncrnst (Gott. Nachr. 1904, 
261 ; Z. anorg. Chem. 1906, 46, 126; 1906, 49, 
213; Finckh, ibid. 1905, 45, 116; Jcllinek, 
ibid. 1906, 49, 229) gives an expression which 
may be simplified to 

log -/A'=0-5441 -4725-5/7’ 
where T is the absolute temperature and 

In the ease of air, when x% of nitric oxide by 
volume has been formed in eejuilibrium, 
A==a;^/(79-2— ^r)(20-8— |x), and, therefore, since 
X is small, a:=-40*8‘\/A7(l-f 0-62V^’'). 1 ^'rom 
these equations the values of ^—percentage of 
nitric oxide in Table I have been calculated. 
They agree fairly well with the observed values, 
which were obtained by exploding a mixture of 
electrolytic gas and air, and by drawing air 
through platinum and iridium tubes heated 
electrically. 


Table I. — Equilibrium Yields of NO us Air. 


Temperature, 

% NO by 
volume (obs.). 

% NO by 
volume (calc.). 

1,811 

0-37 

0 35 

1,877 

0-42 

0-43 

2,033 

0-64 

007 

2,195 

0-97 

0-98 

2,680 

205 

202 

2,675 

2-23 

2-35 

3,200 

5-0 about 

4 39 


The same values of K apply, of course, to 
any initial mixture of nitrogen and oxygen as 
well as air, but the relation between x and K is 
different for each mixture. For the important 
case of equal volumes of oxygen and nitrogen 
K-~x^l{50—^x){50—^x), or, since x is small, 
a;=50V A/(l + 0-5V J\). The increased yield with 
the mixture Ng-I-Og as compared with air is, 
therefore, approximately 18%. Oxygen has a 
thermal conductivity 7% greater than that of 
nitrogen. Haber and Koenig (Z. Elektrochem. 
1907, 13, 725) obtained 14-5% of nitric oxide 
from Ng+Og. By using a short arc in a water- 
cooled tube these experimenters {ibid. 1908, 14, 
689) obtained 17*8% of nitric oxide. The same 
final concentration was obtained with Ng-f-Og 
and NO as initial gas, indicating equilibrium. 
1 icrease of pressure does not increase the yield. 
Similar experiments were made by Holweeh 
{ibid. 1910, 16, 369), Haber and Holweeh {ibid. 
p. 810), Holweeh and Koenig {ibid., p. 803 — 
cooled arcs), Haber, Koenig, and Platou {ibid., 
pp. 789, 796). The yields for a given expenditure 
of energy are much larger than those of Nemst ; 
in the most favourable cases they amount to 


80 g. of nitric acid per kw.-hr. The percentage 
of nitric oxide in the resulting gases also corre- 
sponds, on the thermodynamic theory, with 
impossibly high temperatures (the temperature 
3,200° corresponds with only about 5% of nitric 
oxide, as is seen from Table I). Haber considered 
that a (!ool arc is more favourable to nitric oxide 
formation than exposure to very high tempera- 
tures followed by rapid cooling, and that elec- 
tronic impacts play a part under certain con- 
ditions. 

Experimental investigations of the formation 
of nitric oxide in arc discharges indicate that an 
electri(;al effect, probably connected with the 
electron emissive power of the material of the 
electrodes, plays a part, as well as the nniin 
thermal effect, and that the equilibrium per- 
centages X of nitric oxide are greater than those 
found by Nernst, Jcllinek, and Fink (NJF) ; the 
following results include also those of Briner, 
Boner, and Rothen (BiJR) (kSchwab and J^oeb, 
Z. physikal. Chem. 1925, 114, 23; McCollum 
and Daniels, Ind. Eng. Chem. 1923, 15, 1173; 
Briner, Boner, and Rothen, J. Chim. phys. 1920, 
23, 788; Helv. Chim. Acta, 1920, 9, 034; 
Karrer. Trans. Amer. Electrochem. Soc. 1925, 
48, 223 ; H. Pauling, “ Elektrischo Luftver- 
brennung,” HaUe, 1929; calculated values in 
Giauque and Clavton, J. Amer. Chem. Soc. 1933, 
55, 4875) : 


. . 

. 1,181 

1,877 

2,033 

2,195 

2,580 

NJF . . 

. 0-37 

0-42 

0-64 

0-97 

2 05 

BBR. . 

N crust’s 

. 0-65 

0-79 

1-25 

1-86 

3-89 

theorem 

. 0-63 

0-78 

l-2() 

1-82 

3-81 


The results arc expressed by 

log Ci,o=-4,726/T+i log (CV2 -^o 2)+0-81 

(kShilling, Trans. Faraday Soc. 1920, 22, 377). 
Reduced pressure (Colin and Tartar, J. Physical 
Chem. 1927, 31, 1539) and presence of moisture 
(Tartar and Perkins, ibid. 1920, 30, 595) lower 
the yield of nitric oxide. At 100 cm. pressure, 
Briner (Bull. Soc. chim. Belg. 1928, 37, 109) 
obtained an optimum concentration of 12-14-5% 
of nitric oxide. Better yields are obtained by 
increasing the oxygen concentration (Colin and 
Tartar, l.c .) ; coating the electrodes with 
barium and other oxides increases the efficiency 
parallel with the thermionic cmissivity (Briner 
and Rivier, Helv. Chim. Acta, 1929, 12, 881 ; 
Briner and Wakker, F.P. 745840, 1932). 

The velocities of formation and decomposition 
of nitric oxide have been determined. Below 
3,000° the reaction is bimolecular : 

N2+Oa^2NO 

above 3,000° it is said to be unimolecular (Le 
Blanc and Niiranen, Z. Elektrochem. 1907, 13, 
297). In the bimolecular case, the velocity 
equation is : 

dxldt=ki{CQ-ix){C^-ix)-k^x^ 

where Cj^ and are the initial concentrations 
of nitrogen and oxygen in percentages by 
volume, and x the percentage of nitric oxide 
present at a given instant. The velocity con- 
stants ki and representing the rate of 
formation and decomposition of nitric oxide. 
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respectively, for unit concentrations, have been 
determined experimentally by Jellinek (2. 
Elektrochem. 1907, 13, 297; Z. anorg. Chem. 
1906, 49 , 229), whose results are given in 
Table 11. The time for half decomposition of 
pure nitric oxide into nitrogen and oxygen is 
very approximately the time for half 

the possible nitrification of air, i.e., half the theo- 
retically possible productio n of nitric oxide, is 
approximately The velocity 

constants depend very much on the tenjpera- 
ture ; Steinmetz (Chem. Met. Eng. 1920, 22, 
299) calculates from Jellinek ’s results 

log ^^ 2 =- 1 1 -1 1 3+ 5-731 X 1 0-3^r, 

when t is in seconds. From this, and the rela- 
tion the values given in Tables II and 

111 have been calculated. The values of K 
have been obtained from the formula : 

log /f-1-048 - 9,380/T 

given by Steinmetz, which is in good agreement 
with the formula of Nernst previously (|uotcd. 

Table II. — Velocuties of Decomposition 
OF Nitric Oxide. 

Time in minutes for 50% decomposition of jairc nitric 
oxide at atm. press, into nitrogen and oxygen, | 


Tempera- 
ture, °K. 

Time in iiiiii., 
obs. 

60 t 2 min., 
calc. = 1 /A; 2 . 

ki for second 
as unit of 
time. 

900 

7-35 X 103 

8-9 X 103 

1-87x10-6 

1,10(J 

5-80 X 102 

6-4 \ 102 

2-61 x 10-5 

1,300 

4-43x10 

4-5 - 10 

s-aoxio-^i 

1,500 

3-30 

2-35 

5-12x10-3 

1,700 

2-47xl0--i 

2-33 X 10-1 

7-17x10-2 

1,900 

1-74 xlO-2 

1-56x10-2 

1-002 

2,100 

1 -21 X 10-3 

1-18x10-3 

1-41 xlO 

2,300 

8-40 X 10-5 

8-45 X 10-5 

1-97x102 

2,500 

6-76 X 10-6 

6-06x10-6 

2-75x103 

2,700 

3-92x10-7 

4-43 X 10-7 

3-85x10^ 

2,900 

3-35x10-8 

3-08x10-8 

6-40x105 

3,100 

2-25 X 10-9 

2-20x10-9 

7-57x106 

3,500 

— 

113x 10-H 

1-48x109 

4,100 

— 

4-10x10-15 

4-07x1012 


Table HI. — Velocity of Formation of 
Nitric Oxide from Air. 


Time in minutes for production of half the theoretically 
possible amount of nitric oxide. 


Tempera- 
ture, °K. 

Time in rain., 
obs. 

60fi 

-=^136lVkik2 

min., calc. 

k 2 for second 
as unit of 
time. 

900 





7-89xl0->6 

1,600 

1-81 X 103 

1-77x103 

3-19x10-8 

1,700 

5-90x10 

6-46x10 

2-43x10-6 

1,900 

2-08 

1-99 

1-29x10-4 

2,100 

8-43 X 10-2 

8-22x10-* 

5-36 X 10"* 

2,300 

3-76 X 10-3 

3-76x10-3 

1-84x10-3 

2,600 

1-77x10-4 

1-85x10-4 

5-44 

2,700 

8-75x10-6 

9-60 X 10-6 

1-44x102 

2,900 

5-76x10-7 

5-20 X 10-7 

3-52x103 

3,100 

3-10 X 10-8 

2-87x10-8 

7-96x104 

8,500 

— 

10-10 

3-46x107 

4,100 

— 

2-3 X 10-14 

2-34x1033 


From these results it follows that the best 
results should be obtained when the air is heated 
to a temperature not loss than 3,000°, and then 
cooled with all possible speed below the tempera- 
ture, s4y 1,000°, at which the velocity of decom- 
position of the nitric oxide formed at the higher 


temperature has become inappreciable. This 
conclusion is confirmed by experiment. Since 
the rapidity of cooling attainable practically 
limits the amount of nitric oxide remaining, 
there will be no point in going above a certain 
temperature in the are. 

In the commercial operation of the arc pro- 
cess, a eoneentration of 2% (jf nitric oxide by 
volume is attained as a maximum from air, and 
usually only a little over 1%. 'J^he temperature 
corresponding to 2% is about 2,500°. It is thus 
possible to calculate the minimum expenditure 
of energy necessary. This is the electrical 
equivalent of the* heat absorbed in the reaction 
N 2 + 02=2 NO, jilus that required to raise the 
temperature of the gases to 2,500°. Since the 
mean specific heats of the throe gases at con- 
stant pressure are approximately equal, and 
given by G-S+O-OOOC^ g.-cal. per g.-mol., we 
have, as the absorption of energy for heating 
14 g. of nitrogen and 16 g. of oxygen to 2,500° : 

H6-8-1 2,500 <0-0006) = 20,600 g.-eal. 

If we add to this the energy 21,600 g.-cal. (c/. 
p. 51 9d) for the production of 30 g. of nitric 
oxide (100% conversion), we find as the mini- 
iniim energy required 20,600 f 21,600=42,200 
g.-eal., or about 0 05 kw.-hr. Rut in practice it 
is found necessary to expend 1 kw.-hi*. (2% con- 
version) in the formation of 30 g., or 1 g.-mol., 
of nitric oxide, hence the energy efiiiltmcy of the 
arc process is 0-05 x 100=5%. A certain amount 
of this energy is recoverable in the loss available 
form of heat from the hot gases, by passing the 
latter through boiler tubes. The maximum 
amount so recoverable is about 5% of the initial 
energy after all requirements for evaporation 
and cooling ha ve been met, the latter utilising 
about 8%. The arc process as operated is 
clearly very wasteful of energy, only about 
10% being usefully apphed. It can, therefore, 
be used economically only when a very cheap 
source of energy is available. This is provided 
by large water-power sources, or, in Germany, 
by the utilisation of brown coal (or lignite) from 
which electrical energy is produced at a cost of 
about 0-4d. (2*8 pfg.) per kw.-hr. In Great 
Britain such cheap power could be obtained 
only by some such source as the proposed 
Severn Barrage (Nature, 1933, 1^1, 449). 

The Birkeland and Eyde Process. — 
In this type of furnace the arc is maintainod by 
an alternating current and is spread by a strong 
magnetic field at right angles to the axis of the 
electrodes. The current filament tends to move 
at right angles to its length in the magnetic field, 
and is blown into a semicircle at each half 
period of the current. The filament breaks 
when the resistance along it is greater than that 
of a new arc in the cooler air between the points 
of the electrodes (Trans. Faraday Soc. 1906, 2 , 
98; J. Roy. Soc. Arts, 1909, 57 , 568). The 
semicircles succeed each other with great rapidity 
on each side of the electrode axis, and the im- 
pression on the eye is that of a steady circular 
sheet of flame (Andriessens, Z. Elektrochem.. 
1919, 25 , 255). 

The electric flame is produced in a flat box 
of refractory material (Fig. 2), the walls of which, 
do not in actual working become heated beyond. 
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1,000‘^Q. The electrodes are U -shaped copper 
tubes, 1 in. wide, separated at the ends by a | in. 
gap for the arc. The position of the electrodes 
is regulated by screws outside the furnace. One 
electrode is earthed. The applied voltage is 
6,500. In a recent type the air is aspirated into 
the furnace through grids of iron netting opposite 
the inlet ports ; in the older types the air was 
forced through by Root’s blowers. The air is 
divided by channels in the fireclay lining, so as 
to be directed uniformly on both sides of the arc 
flame. During the brief contact of the air with 
the intensely hot flame some combination of 
oxygen and nitrogen takes place. The gases are 
then swept out of the furnace and cooled with 
great rapidity to about 1,000°, below which 
temperature nitric oxide is stable. 



The electrodes are cooled by a rapid current 
of water passing through them. The latest typos 
of Birkeland and Eyde furnaces were made in 
units taking 2,000, 3,000, or 4,000 kw. The 
most economical size is said to be 3,000 kw. 
The electrodes last 3-4 weeks, and are easily 
replaced in about 16 minutes when required. 
The temperature of the flame is estimated at 
3,000-3,600°; that of the escaping gases, of 
which about 74 cu. ft. pass through the furnace 
per kw.-hr., is about 1,000°. 

The concentration of nitric oxide in the gas 
leaving the furnace is about 1-25% by volume. 
The oxides of nitrogen are absorbed as nitric 
acid and as sodium nitrate and nitrite. About 
97% of the fixed nitrogen is absorbed, 86% of 
this as 30% nitric acid and 16% as nitrite. The 
energy consumption in the Birkeland-Eyde 


process is estimated as 1 kw.-hr. per 61 g. of 
nitric acid HNOg for overall working. 

The gas in the main leading from the furnace 
enters at a temperature of about 900° into the 
fire-boxes of Babcock boilers, in which steam in 
excess of all requirements in the works is raised. 
After passing through the boiler fire-box the 
gas leaves at about 250° to pass through the 
coolers. These are placed in the open air, and 
consist of four batteries of iron tubes, cooled in 
vertical tanks through which water flows. 

The gas leaves the coolers for the oxidation 
tower, of sheet iron and of sufficient capacity 
to give one minute contact to the gas to enable 
the nitric oxide to be partly converted into 
nitrogen peroxide before contact with water. 
TJic gas leaves at 60° and enters the absorption 
towers, constructed of slabs of Norwegian granite 
clamped by iron bands. The towers are 10- 
sided, 2()'925 m. high inside and of 7*3 m. uni- 
iorm external diameter. The thickness varies 
from 350 mm. at the bottom, in steps of 300, 
260, and 200 mm. to the top. They are mounted 
on concrete piers with aU joints visible and 
accessible in case of leakage. The towers are 
completely packed with pieces of Norwegian 
quartz about the size of walnuts. The gas enters 
at the bottom of the first tower and alternately 
at the top and bottom of successive towers. 
Acid is circulated in each tower by one montejus 
of iron-clad acid-resisting stoneware, having a 
capacity of 400 1. The delivery is intermittent, 
the montejus emptying once every two or throe 
minutes. There is one 4-in. stoneware pipe to 
each tower, with rubber joints, for circulation 
in that tower, and a similar pija* for transferring 
acid from the next tower of the series. The cir- 
culation amounts to 10,000 1. of acid per hour. 
The top of the tower is domed, in sections joined 
with blue asbestos covered with tar. 

The acid flows from each tower into a large 
granite tank with an aluminium cover, from 
which it is taken to the montejus. The acid 
from the first tower, which is the strongest, is 
about 30% nitric acid. This can be raised to 
52% by slower circulation, but the weaker acid 
gives the best all-round efficiency of absorption. 
The strengths in the succeeding towers are 
usually 20, 10, and 5%, respectively. The time 
of passage of the gas through each tower is of 
the order of 1 minute. 

After leaving the foiu'th acid tower, the gas 
enters an alkali absorption tower of sheet iron, 
about the same size as the acid towers, and also 
packed with quartz. Through this tower a 
solution of sodium carbonate, containing about 
2% of sodium hydroxide, is calculated. Sodium 
nitrate and nitrite are formed. 

The time of passage of the gas through the 
alkali tower is 1 minute ; it is then practically 
(but not quite) free from oxides of nitrogen, 
and passes through fans to the open air. 

The acid may be concentrated or converted 
into calcium nitrate. The sodium nitrate and 
nitrite are evaporated and sold for use in sul- 
phuric acid chamber plants, or the nitrite is 
recovered in crystals for dye-making and other 
puj^oses. 

Concentration of the Nitric Acid. — 

The nitric acid is concentrated in a very efficient 
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apparatus, duo to Collett (F.P. 367221, 1905 ; 
460448, 1912 ; U.S.P. 864928, 1907, and 1079541, 
1913). 

The 30% acid is pumped to a reservoir from 
which it descends to four granite towers, 10 ft. 
in diameter and 60 ft. high, lined with acid- 
resisting stone and packed with quartz. In 
these it meets with steam from the weak acid 
concentrating plant, next described, and receives 
a prehrninary concentration. The acid before 
entering the towers is also preheated by waste 
steam from another part of the plant. The con- 
centration apparatus proper consists of steam- 
jacketed tubes. To each preliminary tower is 
attached a battery of lour sets of four silicon 
iron tubes, Le., Ki tubes in all. Four tubes are 
arranged vertically around a bell-shaped head, 
and steam at 1 15 ib. is passed through the 
jackets, f'our of these evaporators fbrm a unit 
attached to each of the four towers. Evapora- 
tion is elfeetcd at atmo8pheri(.- pressure and the 
acid brought to 00% HNO 3 . 
coUec'ted in four granite reservoirs, and is 
pumped from these to a single largo reservoir 
at the top of the building, from which it flow's 
to two octagonal granite towers, 8 ft. in dia- 
meter and 30 ft. high, one bcung in reserve. 
Into the same tower flow's a stream of 80% 
sulphuric- acid from a tank alongside the 60% 
nitric acid tank. Nitric acid of 96-97% strength 
is distilled over and is condensed in aluminium 
S -pipes placed between the two towers. The 
acid c(dlectcd is sent down a small granite tower 
through which compressed air is passed to re- 
move oxides of nitrogen, which pass to the 
absorption plant. The diluted sulphuric acid 
(60-65%) is concentrated in an apparatus similar 
to that used for making the 60% nitrifc acid, 
exc(‘pt that it w'orks under vacuum, maintained 
by a vortical fall -pipe and water condensing jet. 
The strong acid is transportiid in strong earthen- 
ware bottles, holding 80 gallons. 

Sodiurn Nitrate is prepared from the liquor 
obtained from the alkali tower, or by neutrah'sing 
the tower acid with soda-ash, the oxides of 
nitrogen evolved being removed by fans. 
Sodium nitrite is cjoneentrated in an apparatus 
similar to that used for nitric acid, the final 
(joncentration being carried out in five pans, 

5 ft. by 20 ft. by 2 ft., heated by steam coils. 
Both salts are dried in hydro -extractors and 
Biihler’s drying apparatus (Fig. 3), and bagged. 

The Biihler drier has an air heater a and a fan 
B for forcing air at 100'' through the apparatus. 
The salt enters on a rollor 0 and is carried by the 
air current into the cyclone d. The dry powder 
is taken out into casks through the rollers k 
and the air is filtered in e and escapes through 
H. The time of passage of the salt through the 
apparatus is 5-7 seconds. 

Calcium Nitrate . — The nitric acid from the 
towers is run through a series of granite tanks 
filled with limestone, until the liquid contains 
not more than 0-5% of nitric acid, which is 
neutralised by the addition of lime. The liquid 
is then evaporated in vacuum pans until it has 
p 1*9, and run into iron drums holding 380 1., 
when it sets to a hard mass and is thus exported 
for chehiical purposes ; or it is run on to shallow 
trays and when cold is broken up, ground to a 
VoL. VIII.— 36 


coarse powder, and sent out as manure in wooden 
casks. It varies in appearance from red-brown 
to black, according to the nature of the lime- 
stone from which it is made, and has the follow- 
ing composition : 

N='13-1%, corresponding to 77‘0% Ca(N 03)2 

Water 21-5% 

Insobible in w'ater— 

FezOj ; AhOj ; Immus . 15% 

Ammonium. Nitrate is prepa-cd at Notodden 
and Rjukan by neutrahsiiig the 30% nitric 
acid with pure ammonia liquor {p 0-880). The 
resulting licpiid is filtered, evaporated in vacuum 
pans until it has p 1-35, and is then allowed to 
crystallise. The crystals are centrifuged and 
dried in a Biihler ’s apparatus, when they con- 
tain 99-9% of NH 4 NO 3 . 

In addition to the Birkcland and Eyde furnace 
several other types of arc furnace have been 



in use technically and many others have been 
proposed which have never been used. The 
Schonherr furnace, devised in 1906 (Trans. 
Amer. Electrochem. Soc. 1909, 16, 131 ; Elektro- 
techn. Z. 1909, 30, 365, 397), which was worked 
in Norway, and on a limited scale in Germany in 
1914-18, consisted of a vertical iron tube (16 ft. 
or more in diameter) inside which an axial arc 
flame was burning. The yield in the Schonherr 
furnace is increased by 115% by using lithium- 
copper alloy electrodes and oxygen-enriched air 
(Wakker and Briner, Helv. Chim. Acta, 1936, 
19, 320 ; Briner, Bull. Soc. Chim. 1937, [v], 4, 
1325). The Pauling f urnace (Russ, Z. Elektro- 
chem. 1909, 16, 644 ; J. W. MeUor, “ Compre- 
hensive Treatise of Inorganic and Theoretical 
Chemistry,” Vol. VIII, London, 1928, p. 376) 
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originally used at Patsch, near Innsbruck, and 
later at Legnano in Italy, had horn -shaped 
electrodes between which an arc was struck and 
then blown into a flame by a rapid current of 
preheated air from a nozzle below the electrodes. 

Small units (500-600 kw. at 5,000 v.) with 
electrodes very close together at their point 
of convergence, so that no specual device for 
lighting the arc was necessary, were used, the 
waste heat being utilised by building the furnace 
units in steam boilers. The yield is increased 
from 23 to 25 g. of nitric acid per kw.-hr. to 
74-4 g. per kw.-hr. by using special electrodes 
of aluminium, preferably alloyed with other 
metals such as barium (Rossi, B.P. 23959, 1913). 
Finely divided iron oxide carried off from iron 
electrodes acts catalytically in decomposing 
nitric oxide in the hot arc gas. 

The Moacicki furnace (B.P. 20497, 1903), used 
at Chippis in Switzerland, had an arc caused to 
revolve in the space between two concentric 
electrodes by a magnetic field, and a special 
absorption apparatus was used. The Nitrmn 
process, developed by the {Society Nitrum of 
Zurich (Crofl, Compt. rend. 1920, 170, 811), and 
used for a time at Bodio in Switzerland and 
Merseburg in Germany, used a dry mixture of 
equal volumes of oxygon and nitrogen circulated 
in a closed system, the oxides of nitrogen (after 
addition of oxygen) being condensed by cooling 
or absorbed in water cooled at 0‘' ; the fumac<^ 
was filled with flame, the gas being blown in 
tangentially, and the flame suddenly chilled by 
passing through a w'ater-cooled tube. The yield 
was stated to be 70-75 g. of nitric acid as 62% 
acid per kw.-hr. 

The Scott (J.S.C.I. 1917, 36, 771) and Island 
(U.S.P. 1316445 and 1317705, 1919) arc furnaces 
do not seem to have been in technical use. 

The Hausser Process. — The formation of 
nitric acid when a mixture of oxygen and 
hydrogen containing some nitrogen is burned 
was noted by Cavendish in 1784 (p. 5576), 
Kolbe (Annalen, 1861, 119 , 176) found that oxides 
of nitrogen and nitric acid are formed when a 
jet of hydrogen burns in oxygen containing 
some nitrogen, and he suggested that the reaction 
might be used technically. An increased yield 
in the explosion reaction at higher pressure was 
discovered by Hempel (Ber. 1890, 23, 1455). 
Nitrogen- peroxide is also formed by burning 
carbon monoxide in air under pressure (Haber 
and Koenig, Z. Elektrochem. 1910, 16 , 18) and 
many proposals have been made to bring about 
the union of atmospheric nitrogen and oxygen 
by the combustion of various fuels (T. H. Nor- 
ton, “ The Utilisation of Atmospheric Nitrogen,” 
Dept, of Commerce, Washington, 1912). The 
yield is always small and the oxides of nitrogen 
are mixed with large volumes of the products of 
combustion, so that all such processes are very 
unpromising. 

H&usser (Chem. Trade J. 1914, 65, 46, 69; 
Stahl und Eisen, 1921, 41, 956, 999; J.S.C.I. 
1922, 41 , 263b; Noh, G.P. 306461, 1916; 
Gorlinger, G.P. 316253, 1919; a careful dis- 
cussion is given in the Nitrogen Products Com- 
mittee “ Report,” H.M. Stationery Office, 1919, 
pp. 277-286) proposed to explode a mixture of 
air and a combustible gas, such as coal gas or 


coke-oven gas under pressure in a gas-engine 
cylinder or a bomb, when a gas containing 
0*3-0-6% by volume of nitric oxide is formed. 
An oil spray may also be used. Trials on a 
small scale pointed to a yield of 135 g. of nitric 
acid per cu. m. of fuel gas of calorific value 
of 483 B.Th.U. per cu. ft., with an initial com- 
pression of 3*2 atm. and a pre-heat of 240°. 
Enriching the air with oxygen should increase 
the yield. The process of Bender (G.P. 192883, 
1906; 217079, 1908) was to work at atmospheric 
pressure, and Brunler (Chem. Age, 1926, 14 , 
29; cf. Seniscle, J.S.C.I. 1930, 49 , 63t) proposed 
to bum a submerged flame of gas, oil, or 
powdered fuel under lime water to form calcium 
nitrate. 

The Oxidation of Ammonia. 

In 1788 the Rev. I. Milner (Phil. Trans. 1789, 
79 , 300) foimd that ammonia gas is oxidised to 
nitric oxide when passed over heated manganese 
dioxide, and J. Black (“ Lecture^ on Chemistry,” 
1803, pp. 245, 455; Partington^ Nature, 1922, 
109 , 137) states that the process was used in 
France on the large scale during the Napoleonic 
wars for the manufacture of saltpetre. This 
observation was followed by the better known 
researches of Prof. Frederic Kuhlmann, of Lille, 
who (Mdm. Soc. JSci. Lille, 1938, 15, 88 ; Annalen, 
1839, 29 , 272) observed that when a mixture of 
ammonia and air is passed over platinum sponge 
heated to about 300° the platinum continues to 
glow and oxides of nitrogen are formed : 

4NH3+502-4N0+6Hjj0. 

A slight reaction only was noticed when the gas 
was passed through an empty heated porcelain 
tube. Kuhlmann also found that platinum 
black is less efficient than platinum sponge, and 
copper, nickel, iron, and copper hydroxide are 
still less active ; he also found that cyanogen 
and hydrocyanic acid are very readily oxidised 
— an observation confirmed by Moldenhauer 
and Wehrheim (Z. angew. Chem. 1914, 27 , 334). 
Kraut (Annalen, 1865, 186 , 69) noticed that red 
fumes, with intermittent explosions, result 
when a hot platinum spiral is hung in a flask 
containing ammonia solution through which a 
current of oxygen is passed. The formation of 
ammonium nitrite and nitrate on passing am- 
monia and air over platinised asbestos heated to 
redness was described by Warren (Chem. News, 
1891, 63 , 290). The yield of oxides of nitrogen 
with platinised asbestos as catalyst was in- 
vestigated by Schmidt and Bocker (Ber. 1906, 
39 , 1366). Platinised glazed porcelain (Schick, 
B.P. 13964, 1907) is said to have a longer life 
than platinum sponge (Taliani, Giorn. Chim. 
Ind Appl. 1921, 8, 408). Platinised puzzolana 
has been used (Marnier, Chem. Trade J. 1936, 
97 , 82), also platinum and platinum-rhodium 
sputtered on porcelain (Klevke, J. Chem. Ind. 
Russ. 1937, 14 , 98). 

The conditions for obtaining a practical yield 
with platinum were investigated by Ostwald and 
Brauer (Z. Elektrochem. 1903, 9, 486; the 
method is described in B.P. 698, 8300, 1902, and 
7909, 1908 ; a German patent was not granted 
on account of the prior work of Kuhlmann). It 
, was found that the gas must pass rapidly over 
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the catalyst, otherwise the ammonia is largely 
burnt to elementary nitrogen : 

4Nh3+30a-2N2+eH20. 

Under suitable conditions, however, well over 
90% of the ammonia may be oxidised to nitric 
oxide : 

4NH3+602= 4 NO+ 6 H 2 O. 

Nitric oxide is the first ascertainable product of 
the oxidation. The reaction begins at about 
550^^ and proceeds rapidly and practically com- 
pletely at 650-800°. The yield in good working 
is 95-97% and usually averages 90-92%. The 
reaction proceeds equally well with dry or 
moist gases ; a little moisture seems to be 
slightly beneficial. 

A technical plant based on Ostwald’s in- 
vestigations was erected in 1909 at the works of 
the Lothringian Colliery Co. at Gerthc, near 
Bochum, which produced more than 1,800 tons 
of ammonium nitrate per annum (Chom. Trade J. 
1915, 56, 553). The patents were taktm over 
by the Nitrogen Products Co., who erected 
factories at Vilvorde in Belgium and Dagenham 
in England. 

Th(} process in the Ustwald form was largely 
used in France during 1914-18, the ammonia 
being derived from cyanamide. The works w^ere 
installed at Angouleme and Bassens, and a full 
description of them was given in the Third 
Edition of this “ Dictionary ” (1922, Vol. TV, 
p. 596). 

The Ostwald converter consists of tw'o verti(‘al 
concentric tubes, acting as a heat exchanger. 
The heat is transmitted through the walls of 
the inner tube to the mixture of air and am- 
monia, which passes up the annular space betwen 
the tubes to the catalyst, w'hich is placed at the 
top of the inner tube, and the hot oxidised gas 
passes down inside this. The temperature of the 
catalyst is maintained at 860-830° without 
external heating. The external tube is of iron, 
enamelled inside, the inner tube of nickel, 3-5 m. 
long, 63 mm. in diameter, and 1 mm. thick. 
The iron tube is 100 mm. in internal diameter 
and is only 3-25 m. long, so that the nickel tube 
protrudes 25 cm. below. This is prolonged by 
an aluminium tube, in which the gas cools to 
260-270° before passing into a largo aluminium 
main collecting the products of several con- 
verters. The iron tube is lagged outside to 
hinder radiation. 

The catalyst is prepared by taking two strips 
of platinum foil, 2 cm. wide and 0-01 mm. thick, 
crinkling one into ridges 1 mm. apart, laying 
this on the other flat strip, and rolling the two 
into a circular pad 65 mm. in diameter, weighing 
50 g. At the top of the nickel tube and inside 
it are lugs, on which the roll of platinum rests. 
The outer iron tube is closed at the top by a 
hinged lid, with a mica inspection window. The 
activity of the platinum increases rapidly with 
use for some hours. It then slowly falls off 
and the catalyst requires renewal after three 
months. The activation of the platinum depends 
on a peculiar physical change (E. K. Rideal and 
H. S. Taylor, Catalysis,*’ Macmillan, 1919, 
p. 97) ; the metal swells into microscopic 
efflorescences, probably owing to solution of gas 
and subsequent expulsion. 


Each Ostwald converter unit produced 100 kg. 
of nitric acid per 24 hours. The mixture of air 
and ammonia contained about 8-5% of ammonia 
by volume. Before passing to the converter the 
two gases should be thoroughly mixed. The gas 
should also be filtered from dust, since iron 
oxide acts very prejudicially on the catalyst. 

The use of a single layer of electrically heated 
platinum gauze as a catalyst was described by 
Frank and Caro (Schuphaus, Metall und Erz, 
1916, 13 , 21) and by Landis (U.S.P. 1193796 to 
1193800, 1916; Chem. Met. Eng. 1919, 20 , 
470; on the .construction of catalysts, see 
“ Oxidation of Ammonia,” Munitions Inventions 
Department, H.M. Stationery Office, 1919 ; and 
Campbell, J. Ind. Eng. Chern. 1919, 11 , 468). 

The basis of all recent improvements is to be 
found in the patent of Kaiser (B.P. 20325, 1910 
conv. 1909; 24035, 1911 conv. 1910; G.P. 
271517, 1909), who proposed the use of several 
superposed fine platinum or iridium gauzes in 
close contact, the mixture of air and ammonia 
gas being preheated to 300-400° before passing 
to the catalyst. In this way a very rapid stream 
of gas may be passed and the output corre- 
spondingly increased. 

Kaiser claimed that S(.)me atmosphtiric nitro- 
gen was oxidised along with the ammonia, but 
this has not been confirmed and was probably 
based on faulty analytical control. 

In March, 1917, Partington and Parker used 
two platinum gauzes separated by thin silica 
rods, the lower gauze being electrically heated. 
Although separated gauzes are slightly more 
efficient than gauzes in contact (Perley and 
Smith, J. Ind. Eng. Chem. 1920, 12 , 5, 119; 
Chem. Met. Eng. 1920, 22 , 125) they tend to warp 
in use, and multiple gauzes in contact, generally 
stitched together with the same kind of wire, 
are generally used. Two layers of gauze give as 
good results as three or more (Perley and Smith, 
l.c. ; Titlestad and Spangler, U.S.P. 1927508, 
1933). 

Tho yield is best with a suitably rapid rate of 
flow of gas through the gauze and a suitable 
gauge temperature, but is not very sensitive 
to these conditions (on the velocity of oxidation, 
see Boreskov, J. Appl. Chem. Russia, 1932, 5, 
163). The gauze temperature is most easily 
measured by means of an optical pyrometer 
through a suitable inspection window of quartz 
or clear mica (shown at a in Fig. 4). The 
observed temperatures must bo suitably cor- 
rected to black-body temperatures, the difference 
being 50-100°; a table of corrections is given 
by Perley and Smith {l.c.). Although the gauze 
is maintained automatically at a dull red-heat 
by the exothermic reaction : 

4NHs+60a=4N0+6H20(gas)-^212 kg.-cal. 

the yield is only about 85% unless the gauze is 
electrically heated or tho gases preheated, when 
it reaches about 95%. The temperature of pre- 
heating of the gas may be about 600° as a 
maximum (Perley and Smith, l.c.). 

The yield is dependent on the gas com- 
position ; more oxygon than is required to form 
N O should always be present in the air- 
ammonia mixture : the best mixture is one 
which corresponds theoreticaUy to the formation 
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of N2O3 {J. R. Partington and L. H. Parker, 
“The Nitrogen Industry,” Constable, 1922, p. 
293). According to Perley and Smith (l.c.) the am- 
monia content should not exceed 11% by volume 
with a flow velocity of 1‘827 1. per rain, of intake 
gas per sq. cm. of catalyst. A ratio OgtNHj 
lower than 0-75 gives practically only nitrogen ; 
above 1*25 nitric oxido is almost the sole product 
(c/. Maliarevski, Z. angew. Chom. 1925, 38, 1113 ; 
Andrussov, ibid. 1926, 39, 321; 1927, 40, 166; 
Uchida, J. Physical Ohem. 1926, 30, 1297 ; 
Adadurov, J. Chora. Ind. Moscow, 1933, 10, 
No. 2, 37 ; Khimistroi, 1933, 5, 2285; Epstein, 
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Manuring and Harvest (Russ.), 1930, Nos. 9-10, 
749 ; 1931, No. 1, 75 ; Hennel, Przeniysl Chem, 
1932, 16, 258; Wein, ibid. 1933, 17, 75). 

Since the reaction is very rajhd, a high flow 
rate is used and the apparatus (“ convertor ”) 
for oxidation is correspondingly small. A cross- 
section of 4 in. by 6 in. with two gauzes suffices 
for a technical unit capable of supplying oxides 
of nitrogen for a large sulphuric acid chamber 
plant, and converters with 2 in. by 3 in. gauzes 
function very satisfactory. In making nitric 
acid catalyst cross-sections of 1 or 2 sq. ft. or 
more are used, but if too large there is a tendency 
for the gauzes to sag. An output. of 1-5 tons of 
nitric acid per 24 hours per sq. ft. of double 


gauze, which corresponds with 16 kg. of nitric 
acid per g. of platinum per 24 hours, is normal 
(J. R. Partington, J.S.C.I. 1918, 37, 337 r; 
“ The Oxidation of Ammonia Applied to Vitriol 
Chamber Plants,” H.M. Stationery Office, 1919). 

The form and material of construction of the 
converter may be varied considerably. Up- 
ward, downward, or sideways, flow of gas 
through the gauze may be used indifferently; 
the material is limited by the circumstance that 
iron oxide is a powerful catalyst poison. 

The standard type of converter designed by 
the author (Fig. 4) consists of top and bottom 
cones A aiid b, with rectangular body pieces o 
between, all in cast aluminium ^ in. thick. 
Three body pieces are shown, but two, or even 
one, may suffice. The area inside is 4 in. by 6 in. 
The pieces are provided with flanges, f in. wide, 
to facilitate bolting together, and perforated 
baflies of sheet aluminium are inserted between 
the body piecjes, except at the junction between 
the top cone and body piece, which is occupied 
by a catalyst d of two layers of platinum gauze, 
of pure platinum wire 0-0025 in. diameter, woven 
in uniform mesh with 80 strands to the linear 
inch. 

The gauzes are conveniently stitched together 
with some of the same wire, and the double 
gauze is supported between two flat aluminium 
plates cut out in apertures about i in. smaller 
than the gauze dimensions, and with asbestos- 
paper i)acking extending to the inner edge of the 
apertures, the plates being suitably screwed to- 
gether. The catalyst unit is thus detachable 
and can be removed and replaced at wiU. 
Before fitting into the frame, tJie gauze is 
boiled for a few minutes with concentrated 
hydrochloric acid, washed in a porcelain photo- 
graphic developing dish with distilled water, 
and dried on clean filter paper. On no account 
must the gauze be touched with dirty fingers 
during fitting, and the catalyst miits must be 
stored in a perfectly clean wood box to preserve 
them from dust. The fitting should be carried 
out in a room free from dust and not in a work- 
shop where iron is manipulated. Inlet (p) and 
outlet (q) elbows of cast aluminium are bolted 
on the cones b and A, respectively. 

The converter is started by passing a slow 
stream of ammoniar-air mixture and heating 
the gauze by a hydrogen flame inserted through 
the aperture a, which is afterwards closed by a 
bolted -on aluminium plate. It is desirable to 
take out the platinum gauzes once every two or 
three months, and clean them by boiling with 
concentrated hydrochloric acid. After six or 
eight months’ use the platinum begins to dis- 
integrate, and is replaced by a new gauze. 
Perfectly new gauze is not very active, but 
rapidly becomes activated after a day’s use. 
Activated gauzes may be stored ready for use. 

Although platinum is said to evaporate slowly 
even at 580" (Uchida, J. Physical Chem, 1926, 
80, 1297), it is claimed that the loss of platinum 
is due solely to fine particles carried off by the 
gas-stream from the cauliflower-like excrescences 
(^ee E. K. Rideal and H. S. Taylor, “ Catalysis,” 
Macmillan, 1919, p. 97) which develop on the 
wires, and may increase their diameter by 12/a. 
(Figurovski, J. Appl. Chem. Russia, 1938, 11, 
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1440). The loss amounts to about 0-003 oz. troy 
per ton of nit'^c acid with normal working 
(Imison and Russell, J.S.C.I. 1922, 41, 37t; cf. 
Kulikov, J. Chem. Ind. Russ. 1937, 24, 1683; 
Adadurov and Grigoriev, J. Appl. Chcm. Russia, 
1937, 10, 1548 ; Epsditein and Tkatschenko, 
ibid. 1938, 11, 733). The loss from Pt~Rh 
gauzes is said to be only about half that from 
pure Pt (Handforth, Ind. Eng. Chem. 1931, 23, 
860). 

Preliminary prolonged heating in hydrogen 
increases the activity of the i[)latinum (Adadurov 
and Didenko, J. Appl. Chem. Russia, 1934, 7, 
1339). On t])e other hand, the superior a.(-tivity 
and stability of a ternary alloy catalyst (Pt 92, 
Rh 5, W 3%) are ascribed to its low power of 
dissolving hydrogen (Adadurov and Pevni, J. 
Phys. Chem. Russ. 1937, 9, 592). 

Heating alloys of platinum metals (e.g., 
platinum with 2% of ruthenium, but not 
j)latinum-rhodium) above 900° until crystal 
growth is detected by X-rays is said to enhance 
their activity (I.G. Farbonind. A.-G., B.P. 
489306, 491143, 1937; Ruthardt, Angew. 

Chem. 1938, 51, 760). -- 

Gauze consisting of platinum with 10% of 
rhodium is now used (Chem. Trade J. 1931, 88, 
584; Bamag Meguin A.-G., B.P. 334466, 1929; 
Du Pont de Nemours, B.P. 306382, 1928). 
Platinum net covered with tin(4y divided 
rhodium has also been proposed (I.G. Farbenind. 
A.-G., B.P. 331728, 1929). An alloy of 9 parts 
of platinum and 1 part of rhodium is be.st 
(Handforth and Tilley, Ind. Eng. Chem. 1934, 
26, 1287). According to Decarriere (Bull. 

Soc. chim. 1925, [ivj, 87, 412), platinum- 
palladium alloy is better than platinum ; 
iridium (recommended by Parsons, J. Ind. Eng. 
Chem. 1919, 11, 541) is decidedly inferior 
(Duparc, Wenger, and Urfer, Helv. Chim. Acta, 
1928, 11, 337) ; palladium is less efficient than 
platinum except at high ammonia concentrations 
(Decarriere, BuU. Soc. chim. 1924, [iv], 35, 48). 
The use of various forma of platinum has been 
investigated (Pascal and Decarriere, Mem. 
Poudres, 1924, 21, 68, 87 ; Taylor, Chem. Met. 
Eng. 1920, 26, 1217; Curtis, ibid. 1922, 27, 
699; Campbell, J. Ind. Eng. Chem. 1919, 11, 
468). Platinum alloyed with 1% of tantalum 
or 2% of tungsten (I.G. Farbenind. A.-G., F.P. 
716516, 1931), and chips of an alloy of platinum, 
rhodium, and tungsten (Du Pont de Nemoims, 
U.S.P. 1978198, 1934), have been proposed. 
Gauze with pure platinum warp and platinum- 
rhodium woof is proposed (Taylor and Grasselli 
Chem. Co., U.S.P. 1927963, 1933). Alloys of 
platinum with 3% of cobalt or 3% of tungsten, 
and the ternary alloy of Pt 92, R h 5, and W 3%, 
are all more active than platinum, and the last 
has great stability (Adadurov and Pevni, J. Phys. 
Chem. Russ. 1937, 9, 692). The use of platinum- 
rhodium allo3^ is said to be attended with greater 
difficulty in starting and greater sensitiveness 
to working conditions than that of pure 
platinum. The presence of 3% of tungsten in 
the platinum gauze is said to make it twice as 
active as ordinary platinum at 750° (Adadurov 
and Atrdfiohenko, J. Appl. Chem. Russia, 1936, 
9, 1221). 

Parsons and Jones (B.P. 132551, 1918 ; Ind. 


Eng. Chem. 1919, 11, 541; 1927, 19, 789; 
Taylor, ibid. 1927, 19, 1250; Perley and VarreU, 
ibid. 1929, 21, 222) use 4 layers of platinum 
gauze, of 0-0026 in. diameter and 80 mesh, in 
close contact, formed into a cylinder closed at 
the bottom with a silica plate. The cylinder 
hangs inside a chamber lined with glazed bricks 
and no preheating of the gases is used, the heat 
radiated from the gauze and walls of the 
chamber sufficing. The efficiency was 90-91% 
with an output of 70 lb. of ammonia oxidised 
per oz. of platinupi per 24 hours. The efficiency 
was improved to 95% and the output to 100 lb. 
of ammonia oxidised per oz. of platinum per 
24 hours by preheating the gas to 000°c. by 
mixing preheated air with ammonia gas in an 
iron pipe lined with silica (Perley, Chem. 
Mot. Eng. 1920, 22, 125; Ind. Eng. Chem. 1920, 
12, 5, 119). Parsons recommended preheating 
the gas and oj)erating the gauze at 1,000°, but 
this temperature is much too high and causes 
loss of platinum. TIk^ production, however, 
with this typo of converter is said to be twice as 
high at 925-950° as at 725°, and the efficiency 
95% as compared with 88-90% at 725° (Kalten- 
bach, Chim. et Ind. 1929, 21, 701). Owing to 
the weight supported by the gauze cylinder, the 
wire must bo thicker than that used with fiat 
gauzes, and since tluj supposed benelit of the 
radiant heat is illusory (gases being transparent 
to radiant heat), the advantage a cylindrical 
gauze has over a 6at one is not obvious. 

Enamelled iron converters, made by the 
Cannon Iron Foundries, Deeplields, 8taffs., are 
said to be very satisfactory. 

Imison and Russell (J.S.C.I. 1922, 41, 37t) 
describe a converter of iron, protected with 
enamel or by painting with sodium silicate solu- 
tion and barium sulphate, which utilises the heat 
of reaction in preheating the gas. Chromium 
steel or chromium plating withstands oxides of 
nitrogen at 200° (Thompson, Trans. Amer. 
Electrochem. Soc. 1926, 50, 101). 

An apparatus for producing the air-ammonia 
mixture (1 vol. of ammonia to 7-5 vol. of air) 
by passing air through 25% ammonia solution 
in a packed tower (Fig. 5) and driving off the 
ammonia by steam admitted at the base of the 
tower is described by Imison and Russell (l.c.) 
(Richardson, U.S.P. 2119721, 1938; Chemical 
Construction Co., U.S.P. 1748646, 1930, uses 
the heat of the oxidised gas to drive off ammonia 
from a solution in a tower). 

Before entjpring the converter the gas is filtered 
through glass wool, as even traces of oxide of 
iron, present in dust, poison the platinum 
catalyst. 

Oxides of nitrogen from ammonia oxidation 
provide a convenient source for use in sulphuric 
acid chamber plants, the gas being introduced at 
a suitable point, say after the Glover tower 
(Schuphaus, Metall und Erz, 1916, 18, 21 ; 
“ The Oxidation of Ammonia applied to Vitriol 
Chamber Plants,’’ Munitions Inventions De- 
partment, H.M. Stationery Office, 1919 ; Chem. 
Trade J. 1931, 88, 584; Spangler, Chem. and 
Met. Eng. 1928, 85, 34^; Kieffier, Ind. Eng. 
Chem. 1927, 19, 1163). The high toxicity of 
oxides of nitrogen must be kept in mind (Chem. 
Trade J. 1933, 98, 281). 
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The analytical control of ammonia oxidation 
plant is described by Whittaker et al. (Ind. Eng. 
Chem. [Anal.], 1930, 2, 15; E. Berl and G. 
Lunge, “ Chem. -tech. Untorsuchungsmethoden,” 
Berhn, 1932, II, i, 573, 576). 

The effects of impurities in the ammonia have 
been investigated. Perley (J. Ind. Eng. Chem. 
1920, 12, 5, 119) states that very small amounts 
of phosphine (2-3 p.p.m.) are detrimental; this 
impurity, which may be present in cyanamide 
ammonia, may be removed (Parsons and Jones, 


B.P. 136342, 1919) by passing the mixture of 
ammonia and air, heated to 60-60°c., over a 
catalyst composed of “ a metal of the silver 
group ” on a support of carbonised cellulose 
fibre. Ammonium phosphate is formed, which 
is retained by the carbon. Taylor and Capps 
(J. Ind. Eng. Chem. 1918, 10, 457) state that 
acetylene present to the extent of 0-02% reduces 
the yield from 95% to 89%, and 0-1% to 65%. 
The effect of acetylene is probably due to phos- 
phine present as impurity. Decarri5re (Compt. 
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rend. 1921, 172, 1663; 178, 148; 1922, 174, 
460, 756) finds that small amounts of hydrogen 
(0*44% by vol.) slightly increase the activity of 
the platinum catalyst, but larger amounts (1*0- 
1*6%) slightly reduce it. Hydrogen sulphide 
lowers the activity, the effect depending on the 
concentration rather than on the total amount 
which has passed over the catalyst. Decarri^re 
found that acetylene causes a slight increase in 
the yield for the first few minutes, followed by 
a fall which is proportional to the absolute 
amount of impurity which has passed rather 


than to the concentration, and continues even 
when pure gases are then used. Later work 
(Pascal and Decarri^re, M6m. Poudres, 1924, 21, 
1, 87 ; Yee and Emmett, Ind. Eng. Chem. 1931, 
23, 1090) showed that up to 0-4% of pure 
acetylene has no effect but 0-02 p.p.m. of phos- 
phine has a poisoning influence and 0-2 p.p.m. 
definitely injures the platinum. The addition 
of 0*07% of hydrogen sulphide protects the 
platinum from phosphine and also gives a 3-4% 
increase of efficiency with unpoisoned platinum. 
Pyridine up to 2% in ammoniacal liquor can be 
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tolerated, but the life of the platinum is 
shortened (Chorr Trade J. 1931, 88, 584). Lead 
tetraethyl is a powerful catalyst poison. 

Many theories of the mechanism of ammonia 
oxidation have been proposed (see Gmelin’s 
“ Handbuch der anorganischen Chemie,” Berlin, 
1936, Part 4, p. 655). The reaction prooably 
occurs on a platinum surface covered with atomic 
oxygen, and several alternative intermediate 
products are possible (c/. Bodenstein, Z. Elektro- 
chem. 1930, 36, 756 ; Krauss and Schuleit, Z. 
physikal. Chem. 1938, B, 39, 83; 1939, B, 45, 

1), e.g., 

1. NHgfO-NHfHjjO 

NHfOa-HNOg 
4HNO2-4NO+2HJ.O+O2 
11. NH3+O-NH3O 

N H3O f O3- H N O2+ HgO 
or NH3O+O- HNO+H2O 
HNO I-O2 HNO3 

III. NH3+O2-HNO+H2O 
HNO-hOa - HNO3 

4HNO3 4NO+3O2+2H2O. 

The nitroiis oxide formed in abnormal con- 
ditions (Nagel, Z. Elektrocliem. 1930, 36, 754 ; 
I.G. Farbenind. A.-G., B.P. 325475, 1928) may 
be derived from HNO: 

2HNO-N2O+H2O. 

Hydrazine may also be formed in abnormal 
conditions (Hofmann and Korpiun, Ber. 1929, 
62 [B], 3,000 ; Koenig and Wagner, Z. physikal. 
Ohein. 1929, 144, 213). 

The ammonia oxidation plant of the Hochst 
Farbewerke (vormals Meister, Lucius, und 
Briining), with a capacity of 140,000 tons of 
nitric acid per annum, is of a type commonly 
used in works making ammonia by the Haber- 
Bosch process (Partington, J.S.C.I. 1921, 40, 
185b). 

The ammonia liquor (about 25% ammonia) is 
stored in four overhead spherical steel tanks, 
each of 264,200 gallons capacity. The liquor is 
rectified in four stills, one spare, of the Savalle 
type with 15 effects, each with a capacity of 
20 tons of ammonia daily. The gas not used for 
oxidation is absorbed in a plate tower 30-40 ft. 
high. Ammonia from gas liquor is scrubbed 
with caustic soda solution of 48-^3° Tw. and then 
passed through charcoal purifiers in the usual 
way to remove sulphur compounds. The am- 
monia gas from the stills is freed from moisture 
by refrigeration with ice-cold water ; the pre- 
sence of moisture causes scaling of the iron 
pipes and is also believed to be prejudicial to the 
conversion, although this is probably incorrect. 

The ammonia gas and air are metered through 
Venturi meters and driven by ten 55 -kw. 
centrifugal blowers to the filters and converters. 
The mixture contains 12-5% by volume of am- 
monia, regulated within narrow limits. The 
ammonia supply pipe is 6 in. in diameter and the 
air pipe* 18 in. in diameter. The air is filtered 
through cloths in a wooden box and the mixed 
gas carefully filtered from dust and ammonium 


salt fumes through eight layers of linen cloth 
in chambers 9 ft. by 5 ft. 

The gas passes under 6 in. water pressure 
through two central mains in the converter 
house, from which it is diverted to the 224 con- 
vertors, each provided with a eir(*ular platinum 
gauze catalyst of 20 in. diameter, or 2-12 sq. ft. 
crosa-soction. The maximum output of each 
converter is 1-5 tons of nitric acid per 24 hours, 
the efficiency of oxidation being 89%. The 
efficiency from ammonia to dilute acid (in- 
cluding the efficiency of the absorption plant) 
is 87%, that from ammonia to strong acid (in- 
cluding the concentrating plant) is 84%. 



The body of the convertor (Fig. 6) is of cast 
iron, in four sections with flanges. The two 
middle sections, 18 in. and 12 in. high, support 
the catalyst between them; the conical top 
and bottom pieces are each 3 ft. 6 in. high. The 
top cone is fined with sheet nickel to protect it 
from the hot gas. The catalyst, clamped 
between asbestos rings, is started by heating to 
redness by a hydrogen or coal-gas flame inserted 
below it through a lighting hole shown in the 
figure. 

The exact construction of the catalyst has 
been differently stated. It consists of 2, 3, or 4 
platinum gauzes, of 20 in. diameter, of 0*06-mm. 
wire with 80 meshes to the linear inch. The 
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gauzes are possibly spot- welded, and are sup- 
ported on a grid of ten stout platinum wires, 
1 mm. in diameter, spaced at 10 cm. distanc^e, 
and probably two gauzes are used. 

The converters are arranged in two sets of 
seven or eight on each side of separate inlet and 
outlet mains, the latter 1 ft. in diameter and con- 
nected with the converters by 4-in. pipes, 
lagged outside with diatornite brick shaped to 
fit, cemented and wired. The upper bend 
pipe of the converter is not lagged, so as to allow 
for expansion. Before entering the converters 
the gas passes from a common main to a vertical, 
lagged, multitubular preheater, 15 ft. by 5 ft. 
external dimensions, in which it is heated by 
steam. The purpose of this is to preveiil con- 
densation of acid from the hot gas (coming from 
the converter when it passes through the lieat 
exchanger, which is identic al in dimensions with 
the preheater. In it the warmed gas passes in 
counter-current to the gas from the converters, 
and leaves at 200*^0. Two lieaters so arranged 
serve 14 converters. The temperature of the 



Fiu. 7. 


catalyst is about 800” ; the gas leaves the con- 
verter at 650-700“. In starting tin; converters 
extra air can bo added and the only partly con- 
verted exit gas by-passed to a chimney until the 
gauze is activated. Gate valves are used, with 
a slight air pressure on the side of the valve not 
in contact with the gas to prevent leakage. In 
66 of the later type of convertors, the gas passes 
by a lagged 3-ft. main through two tubular 
boilers, leaving these at 270° to the heat ex- 
changer. In this way four tons of water are 
evaporated per hour, and the steam is used for 
warming the gas, as described above. One to 
three men only are necessary to look after all the 
converters. 

The gas containing nitric oxide and steam 
coming from the converters passes through eight 
cast-iron mains 18 in. in diameter, supported on 
three ferro- concrete bridges, to four rows of 
eight absorption towers. Each row of towers is 
provided with twelve intensive coolers of special 
design, i.e., 48 coolers in aU. These coolers 
(Fig. 7) are of aluminium, with an annular 
space between the outer wall and an inner 
vessel, the gas entering above through four inlets. 

In these coolers much of the steam in the con- 


verter gas condenses to water, and, since the 
reaction 2 N 0 + 02 = 2 N 02 requires time {see 
p. 520«) hardly any nitric oxide is oxidised at 
this stage. This separation of water by cooling 
before the gas enters the absorption system is 
an important feature of all modem ammonia 
oxidation processes (Partington and Rideal, 
B.P. 131942, 1918; J. R. Partington and 
L. II. Parker, “ The Nitrogen Industry,” Con- 
stable, 1922, p. 288; Triggs, B.P. 336233, 1929; 
Frischer, B.P. 363436, 1929; Frank and Caro, 
B.P. 337847, 1929; F.P. 748365, 1932). The 
gas may bo further dried by sulphuric acid 
(Partington and Parker, op. cit.y p. 294; I.G. 
Farbcnind. A.-G., B.P. 284839, 1927; Karta- 
chev and Zeitlin, Ukrain. Chem. J. 1930, 5, 
257). Cooling in a tower with water-cooled 
aluminium helices (Krase, Chem. and Met. Eng. 
1926, 33, 674), which removes less than 1% of 
oxitles of nitrogen, may be used, and other 
methods, such as the use of silica gel, for removal 
of residual water vapour could be used in cases 
where the convertor gas is to be treated other- 
wise than by water absorption {see p. 576a). 

The weak acid condensate from the coolers at 
liochst is put down the fifth absorption tower 
in a set of eight. The gas leaves the coolers 
at 30° through four pottery mains 1 ft. in dia- 
meter, joining to a single brick chamber at the 
base of each set of eight towers attached to 
56 converters. Secondary air necessary for 
conversion of nitric oxide to nitric acid in the 
towers is admitted at this point, as any un- 
necessary excess of oxygen must be avoicbvl in 
the coolers. 

The towers arc 41 ft. high and 21 ft. in dia- 
meter internally. The walls comprise three 
layers of brickwork, the outer layer of bricks 
6 by 4 in., set in a mixture of sodium silicate 
and kieselguhr. The to]) of the tower is slightly 
domed, and there is a central partition in each 
tower, the gas passing up one side and down the 
other, and then going to the next tower through 
a brick channel at the base. The towers are 
packed with stoneware rings. The total internal 
volume of all the towers is 35,320 cu. ft., which 
amounts to only 81 (ii. ft. per lb. of NOg 
absorbed per minute, as compared with 1,500 
cu. ft. as used at the French works at Bassens. 

The result of this small tower capacity is 
clear when it is found that at Hochst no less than 
26% of the oxides are absorbed as nitrate by 
saturated sodium carbonate solution fed to the 
last two towers. The liquid in the first of these 
towers is allowed to become acid, so that the 
nitrite is converted into nitrate, whilst that in 
the second is kept alkaline, to absorb the oxides 
of nitrogen driven out of the first when con- 
version into nitrate occurs {see p. 5746 ; Parting- 
ton and Rideal, B.P. 131942, 1918). The solu- 
i tion of nitrate is evaporated by the waste heat 
1 of the converters. The remaining towers are 
I fed with water for the production of nitric acid. 

I The efficiency of the absorption plant is 97%. 
Acid of 50% strength is obtained from the first 
tower of the series, the liquid being circulated 
in the towers by 8-in. chrome-steel centrifugal 
pumps, each fed by a 3-4-in. pottery main and 
delivering through a silicon-iron pipe of the 
same diameter to the top of the tower, two 
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delivery pipes being used to each tower. The 
metal pipes are coned and fitted in the same way 
as the pottery pipes. Acid distribution is 
effected at the top of the tower by a revolving 
ribbed disc, turned by a gear shaft at 80 r.p.m. 

The acid from the towers passes to the coolers, 
consisting of S -pipes of silicon-iron cooled 
externally with water. There are also inter- 
coolers between each pair of towers except the 
last, the temperature being kept as low as 
possible, 25‘'c. in winter and 40°c. in summer. 
In summer iced water is used in the coolers. 
Large stoneware receivers placed above the 
coolers serve as acid reservoirs. The circulation 
in each tower is 1 10 gallons per minute ; the loss 
of acid in the whole system does not exceed 2%. 

Twelve stock tanks of brickwork, each hold- 
ing 1,412 cu. ft., receive the tower acid, from 
the receivers at the base of the towers, through 
tapered pottery jjipes. No fan is used with the 
towers. 

The tower acid is concentrated by mixing 
1 part of 50% acid with 7 parts of sulphuric 
acid, in five mixing vessels with mechanical 
stirrers, and then denitrating. About 42,000 
tons of Rulidiuric acid arc used per month, but 
practically all is recovered. (In France, 2*5-3 
parts of sulphuric acid only were used, but the 
nitric acid obtained was of 85% strength, as 
compared with a more concentrated acud ob- 
tained at llochst.) The nitric acid is recovered 
partly in two rows of nine sili(!on-iron towers, 
4 ft. in diameter and 25 ft. high, and partly in 
stone towers, with cast-iron ])ipe jackets, 35 ft. 
high and 3 ft. 6 in. in external diameter, the 
walls being 0 in. thic'k. >Steam at ISO^'o. is 
introduced at the base by a 1-in. lead pipe just 
above the exit for the denitrated acid. The 
nitric acid vapour from the top of the denitrator 
passes to a cooler of S -shaped silicon-iron pipes. 
The acid to be denitrated enters half-way down 
the cooler, and acid from stock is sent down the 
upper part to assist condensation. Oxides of 
nitrogen arc removed from the nitric acid by a 
current of air and recovered in twenty absorp- 
tion towers. The completely denitrated siil- 
phuric acid is cooled in a water-cooled cast-iron 
cooler and collected in a large lead-fined tank 
of artificial stone. It contains about 70% of sul- 
phuric acid, and is reconcentrated in a Kessler 
apparatus or in Hoenig’s modified Pauling 
apparatus (Z. angew. Chem. 1921, 34, 168, 173). 
The latter is said to be very efficient. (In 
French practice, a denitrating column 20 ft. 
high and 18 in. in internal diameter produced 
6-8 tons of nitric acid per day with an overall 
yield of 85-87% on the ammonia burnt in the 
Ostwald typo catalysts. The consumption of 
fuel in roconcentrating the sulphuric acid was 
15-20% of the weight of nitric acid produced.) 

The ammonia oxidation converters installed 
at Muscle Shoals are of an obsolete type, but 
the absorption system is of interest. 

The cooled gas at 30° passes to twelve oxida- 
tion towers, 16 ft. square, of chemical brickwork, 
each divided internally by two walls into four 
compartments. The gas passes up one com- 
partment, over the top of the dividing wall, 
down the next compartment, up the next com- 
partment, and down the last. The almost fully 


oxidised gas now passes to 24 absorption towers, 
35 ft. square and 60 ft. high, of brick, divided 
into four compartments as before. The first 
tower of each unit of two is half packed with 
6-in. spiral stoneware rings and half with 3-in. 
spiral rings. The second tower is completely 
packed with 3-in. rings. Water is circulated in 
counter-current to tlie gas and 50% acid is 
recovered from the towers. The acid is pumped 
by air lifts, each single stage, thiowing 50 gallons 
of acid per minute. One lift is provided for 
each compartment, or 90 in all with 24 spares 
(Oliphant, Chem.' Met. Eng. 1920, 22, 408). 
To accommodate these lifts are 120 iron wells, 
12 in. in diameter and 100 ft. deep. The lifts 
cjonsist of 3-in. aluminium pipe with silicon-iron 
flanges. The towers stand in aluminium saucers. 
(The renewal of these after corrosion must 
present a difficult j)roblem.) Air at 100 lb. 
pressure is supplied by a 1-in. pipe, and the 
acid in each well secition is cooled by water 
flowing in the well. Between the two towers 
of each unit is an aluminium fan, and after 
the second tower a similar fan exhausts the 
residual gas to the free air. The compressed air 
from the lifts is also discharged into the free air, 
which must cause considerable loss of oxides of 
nitrogen and acid spray. The tow^er acid passes 
to twelve aluminium weighing tanks on scales, 
and is discharged to twelve storage tanks of 
acid-brick and concrete, from which it is run off 
by a 3- in. aluminium siphon. When operating 
at full capacity the plant produces 280 tons of 
nitric acid per day. 

Synthetic nitric acid (free from chlorine) 
may be distributed in aluminium or chromium 
steel containers (Anon., J.S.C.T. 1930, 49, 
1040 e). 

Catalysts other than Platinum. — 

Many catalysts other than platinum nr platinum 
alloys have been proposed and used. Man- 
ganese dioxide was first used by Milner in 1788 
(p. 662c), and chromium oxide and chromates 
were proposed at an early date (Aubertin, B.B. 
1181, 1871 ; c/. Goold-Adams, J*artington, and 
Rideal, B.P. 126716, 1917). 

Other catalysts include manganates, per- 
manganates, dichromates, and alkali plumbites 
(du Motay, B.P. 491, 1871 ; Sehw^arz, Dinglera 
Polytech. J. 1876, 218, 219), which are fairly 
efficient but act strongly on containing vessels 
at the high temperatures required. In all cases, 
a higher temperature is required than is neces- 
sary with platinum, and the catalyst must be in 
thicker layers. The cheapness of the oxide 
catalysts, and the fact that they are less sus- 
ceptible to poisons than platinum, are points 
in their favour. 

Various catalysts, including oxides, were 
investigated by Meninghini (Gazzetta, 1912, 
42, i, 126; 1913, 43, i, 81), Reinders and Cats 
(Chem. Weekblad, 1912, 9 , 47), Maxted (J.S.C.I. 
1917, 36, 777), Neumann and Rose (Z. angew. 
Chem. 1920, 83, 41, 61, 846), Scott (Ind. Eng. 
Chem. 1924, 16 , 74 ; Scott and Leach, ibid, 1927, 
19 , 170), and others. 

Copper has been proposed as a catalyst 
(Marston, B.P. 19074, 1900) but probably acts 
only when oxidised, and oxidis^ nickel has 
some small catalytic activity. The Farbenfabrik 
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vorm. F. Bayer (B.P. 18594, 1903) passed 
ammonia and air at 650-700° over a catalyst of 
iron oxi le^ and promoters, the B idische Co. 
using oxides, e.g., of the iron group, in the form 
of lumps or pieces (B.P. 13687, 1914 ; 7651 and 
13298, 1915). Goold-Adams, Partington, and 
Rideal (B.P. 126715, 126716, and 135224, 
1917) used suitable mixtures of metallic oxides 
which can be pressed into pastilles or extruded 
as rods. Oxide of iron promoted by bismuth 
oxide (Badische Co., B.P. 13848, 1914), tel- 
lurium {ideniy B.P. 13297, 1915), platinum, 
and lead {idem, B.P. 13297 and 13298, 1915); 
cerium and thorium oxides (Frank and Caro. 
G.P. 224329, 1907), plumbites of aluminium, 
zinc, or cadmium (Jones, Morton, and Terziev, 
U.S.P. 1037261, 1912), lead oxide supported on 
bone-ash, at 1,000° (Parsons, U.S.P. 1239125, 
1917), cobalt oxide and 3% of bismuth oxide 
(Bray, U.S.P. 1918957, 1933), cobalt vanadate 
(Ellis, U.S.P. 1558598, 1925), zeolites (Selden 
Co., B.P. 313153, 1928 ; Jaeger, U.S.P. 1896627, 
1918038, 1926099, 1933), cobalt and aluminium 
oxides (General Chemical Co., G.P. 350157, 
1920) and similar mixed oxide catalysts, have 
been proposed {cf. 0. Kausch, “ Die Kontakt- 
stoffe der katalytische Herstellung von Schwefcl- 
8fi.ure, Amrnoniak und Saltpeters&ure,” Halle, 
1931, pp. 122 et seq.y 185 ei aeq . ; S. J. Green, 
“ Industrial Catalysis,” Benn, 1928, pp. 130 
et aeq., 147 et aeq . ; H. A. Curtis, “ Fixed Nitro- 
gen,” Chemical Catalogue Co., New York, 1932). 

A catalyst composed of silica, alumina, 
chromium oxide, and a small amount of cobalt 
nitrate induces quantitative oxidation at 710° 
(Adadurov and Atroschtschenko, J. Appl. 
Chem. Russia, 1933, 6 , 1029). Nickel gauze 
(including platinised nickel) has been tried 
(Adadurov and Prozorovsld, ibid. 1935, 8, 
1321). 

A two-stage oxidation, first with platinum 
at 550° and then with iron-bismuth oxides 
(20% BiaOg) or iron-cobalt oxides, is said to 
economise in platinum (Epschtein and Tkat- 
schenko, ibid. 1938, 11, 731). 

In all cases where nitric oxide and unoxidised 
ammonia are in contact, however, e.g., in the 
interspace between two catalyst masses, there is 
a possibility of loss of fixed nitrogen by the 
reaction : 

6N0-f4NH3-6N2+6H20 

(Gay-Lussac, Ann. Chim. Phys. 1816, [ii], 1, 
394), which is complete only at a high tempera- 
ture (Baxter and Hickey, Amer. Chem. J. 1905, 
88, 300). 

The Bayer catalyst, ferric oxide with up to 
10% (or more) of bismuth oxide, is one of the 
best of this type but has the disadvantage that 
the bismuth oxide slowly volatilises in use. A 
plant using it was operated at Leverkusen. 

The ammonia gas is passed through a small 
balancing gasholder of 500 cu. ft. capacity into 
a large holder of 1,000 cu. m. capacity with an 
indicating dial. A mixture of air and ammonia 
containing 7-8% of ammonia is driven by 
separate centrifugal blowers to the converters, 
the air being filtered through cloth. Venturi 
meters control the mixture. The air passes 
through a cylindrical tubular heat exchanger 


(B.P. 145059, 1920), 12 ft. by 12 ft., in counter- 
current to the hot converter gas, leaving by an 
18-in. pipe, a 6-in. by-pass being also provided. 
The ammonia is not preheated, but passes by 
a 4-in. pipe to a mixing chamber between the 
exchanger and converter. This mixing chamber 
in some cases consists of an inclined cone 3 ft. 
long and 4 ft. in diameter, the hot air entering 
the base and the ammonia and cold by-passed 
air tangentially. The mixture passes to the 
converter at 300-360°. 

The converters are sheet- iron cylinders lagged 
externally and lined with bricks, 15 ft. high and 
12 ft. in external diameter. They formerly had 
an axial tube 3 ft. in diameter, serving to convey 
cold air to equalise the temperature of the 
catalyst, but in the newer typos, which have a 
diameter ij that of the older, this axial tube is 
omitted. The catalyst layer is deep, so that the 
time of contact is much longer than with 
platinum. There are first about 10 in. of fine 
granules resting on coarser granules on a per- 
forated refractory plate. The gas passes up- 
wards through the catalyst. The diameter of 
the catalyst granules varies from 5 to 10 mm. 
The diameter of the catalyst bed in the older 
type was 9 ft., the drop of pressure across it 
being about 10 cm. of water. The temperature 
of the catalyst is about 7,50°o. The average 
capacity of the older units was 4,600 kg. of 
ammonia per day ; the new converters have a 
capacity of 15,000 kg. per day. The capacity 
of the whole plant is 6,000-7,000 tons of nitrate 
per month, with an overall efficiency of 80-85%. 

The absorption plant consists of three dis- 
tinct units. These effect absorption in sodium 
I carbonate, in water, and in sulphuric acid, 
i respectively. 

in the alkaline absorption section, each con- 
verter is connected with six towers, the first a 
small rectangular stone tower 12 ft. high and 
3 ft. wide, acting mainly as a cooler. The 
second tower is cylindrical, 30 ft. high and 8 ft. 
diameter, of steel plates. The third tower is 
rectangular, of volvic stone, and 30 ft. high, 
whilst the remaining three towers are like the 
second. There are twelve rows of these towers, 
the gases from which pass by a common main 
to a 60-ft. tower 20 ft. in diameter, through 
I which they are drawn by a fan. Saturated 
j sodium carbonate solution is supplied to the 
I tops of the first, second, sixth, and seventh 
towers, and drains to a granite tank, from which 
it is pumped to the top of the fourth tower, 
which is run slightly acid so as to cause con- 
version of all nitrite into nitrate {aee p. 572b). 
From this tower the sodium nitrate solution 
leaves by a 4-in. main. 

In the water absorption section the gas from 
the converters is brought by a 3 ft. main to six 
brick towers, 40 ft. by 12 ft., arranged in three 
rows of two and packed with broken quartz. 
From these the gas passes through a rectangular 
brick flue, 6 ft. by 3 ft., to twelve brick towers, 
60 ft. high and 13 ft. in internal diameter, the 
walls being 2 ft. thick. After being drawn 
through these towers by a fan the gas is dis- 
charged to the free air through a 3-ft. iron pipe. 
Water is fed to the last tower and circulated 
forward by centrifugal pumps. When the acid 
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reaches the bottom of the fourth tower in the 
series of twelve it is cooled between successive 
towers and finally roaches a concentration of 
40-50% nitric acid. 

The plant for absorption in sulphuric acid 
consists of six steel towers, 40 ft. high and 8 ft. 
in diameter, the acid being cooled in coils 
between eacii pair of towers through which it is 
cir(;ulatod. Nitric acid is recovered by distil- 
lation, although steam must be added. The 
results were not satisfactory on account of 
the difficulty of recovering nitric acid from the 
liquid after absorption. 

I.G. Farbenind. A.-G. (B.P. 498898, 1987), 
specifies treating converter gas with air or 
oxygen to convert nitric oxide to the dioxide, 
concentrated nitric, acid being added at the end 
to assist oxidation. The gas is dried by cooling 
and silica gel, and absorb<‘d in 95% sulphuric* 
acid, the nitric acid formed being distilled off 
at above 100'^ iinder reduced pressure. Dilute* 
nitric acid is then added to expel oxides of 
nitrogen from the sulphuric acid, these being 
oxidist^d and retreated, and the residual sul- 
phuric acid denitrated. Du Pont de Nemours 
(U.8.P. 2139721, 1938) feed preheated con- 
centrated sulphuric acid and dilute nitric acid 
to the top of a tower at 110° and introduce 
sulphur trio xi do near the base of the tower, 
when 95% nitric acid distils, and the sulphuric 
acid leaving the base of the tower is enriched 
with sulphur triox id(\ 

Oxidation of Ammonia with Oxygen. 

After the introduction of the multiifie platinum 
gauze (catalyst by Kaiser in 1910 (j). 563c), the 
next notable advance in the oxidation of am- 
monia was the use of oxygen instead of air. j 
Pure oxygon and ammonia form a violently I 


explosive mixture until the oxygen ratio exceeds 
3*6 vol. to 1 vol. of ammonia (Partington and 
l*rinco, J.C.S. 1924, 125 , 2018). A successful 
j method of obviating the explosive properties of 
I the mixture was first protected in 1921 (Parting- 
ton, U.S.P. 1378271, 1921; J. R. Partington 
and L. H. Parker, “ The Nitrogen Industry,” 
Constable, 1922, p. 326), and is applied in 
modern technical proce.S8eH of mmonia oxida- 
tion, the many other subsciquent proposals, 
including cooling of the catalyst zone, etc., 
having been unsuccessful or unsuitable for 
tef'hnical working. The basis of the process is 
I to replace the diluent nitrogen in atmospheric air 
by steam, a suitable mixture of ammonia gas, 
j steam, and oxygen being passed through a 
platinum gauze catalyst in an ordinary con- 
verter. If an excess of oxygen, sufficient to 
form nitric acid with the nitric oxide, is used, 
the conv(^rter gas may be condensed to nitric 
a(;id by simple cooling, no absorption towers 
being necessary. A siiitabh? proportion of 
steam is obtained by volatilising concentrated 
ammonia solution {p 0-88) in a current of oxygen. 
The process may also be worked with air en- 
riched w ith oxygen, a suitable amount of steam 
being added, but unless an oxygen -rich gas is 
used absorption towers will be necessary. A 
feature of the oxygon process is the high rate of 
conversion. 

A comparison of the sizes and outputs of 
various type.s of platinum gauze converters is 
given in the following table. These results were 
all obtained by the writer in long runs under 
various conditions, with converters of cross- 
section 4 in. by 6 in., i.c., full-sized technical 
units. For (comparison, the Ostwald type is 
given first. 


Type of converter. 

Catalyst. 

Metliod of heating. 

Convorsiou 

efficiency, 

o/ 



Output kg. 
HN 03 per g. 

Pt per 24 hours. 

Ostwald . 

Platinum foil. 

Regenerative. 

90-95 

1-7-2 

Frank-Caro . 

Single platinum gauze. 

Electrical. 

90-93 

11 

Kaiser . . . 

4 superposed platinum 
gauzes. 

Preheating of gases. 

95 

12 

Partington . 

2 platinum gauzes slightly 
separated. 

Electrical or i)r6heating of 
gases. 

95 

16 

Partington witli 
oxygen. 

2 platinum gauzes in con- 
tact. 

Gases + steam preheated to 
i 600-600“. 

98-99 

21 


The loss of platinum (2*4 g. per ton of nitric 
acid) is said to be higher in the steam-oxygen 
process with a mixture of NHj 15, Og 30, and 
HgO 55 vol.- %, but the experiments were 
made at a high gauze temperature (900°) 
(Adadurov, Astroschenko, and Konvissor, J. 
Appl. Chem. Russia, 1936, 9 , 1746). The 
normal loss has been given as KK) mg. per ton 
of nitric acid (Figurovski, ibid. 1936, 9 , 37). 

Under certain conditions, mixtures of air and 
ammonia may be explosive (Schlumberger and 
Piotrowsky, J. Gasbeleucht. 1914, 67 , 941 ; 
White, J.C.S. 1922, 121 , 1688; 1926, 127 , 48; 
Reis, Z. physikal. Chem. 1914, 88 , 513 ; Berl 
and Bausch, ibid. 1929, 146 , 347 ; Jorissen and 
Ongkiehong, Rec. trav. chim. 1926, 46 , 225; 
Schliephake, von Nagel, and Scheml, Z. angew. 
Chem. 1930, 48 , 302). 

Some alternatives to the steam process which 


have been proposed may be mentioned. Ceder- 
berg (B.P. 244134, 1925; G.P. 531945, 668433, 
1932) described a converter of chrome-nickel 
steel with a narrow reaction space so that a gas 
layer is formed sufficiently thin to prevent 
explosion, the platinum gauze or sheet being in 
this space. Yee (Ind. Eng. Chem. 1929, 21, 
1024) described a water-cooled aluminium con- 
verter. Liljenroth (F.P. 610010, 610160, 1926) 
oxidised in stages, cooling the gas between the 
stages. A mixture of 9 parts of oxygen and 1 
part of ammonia may also be passed through 
successive converters, with cooling and addition 
of further ammonia between each. Interaction 
of nitric oxide and ammonia is said not to occur 
(see p. 5706), and the final gas may contain 60% 
of nitric oxide (Badische Anilin- u. Soda-Fabr., 
B.P. 241136, 1925). 

Ammonia oxidation under increased pressure 





672 


NITROGEN, ATMOSPHERIC, TTTILTSATTON OF. 


(whif'h, theoretically, should act unfavourably 
on the equilibrium yield) has been worked by 
the Du Pont Co. at Repauno, N.J. (Taylor, 
Chilton, and Handforth, Ind. Eng. Chem. 1931, 
28, 860) ; under 7-8 atm. an increase of 8-10% 
in acid concentration is obtained, with higher 
power cost but only half the initial cost as com- 
pared with normal pressure (c/. Chem. Age, 
1931, 25, 668; Pauling, B.P. 334448, 1929; 
Synthetic Ammonia and Nitrates, Ltd., and 
Greathouse, R.P. 221613, 1923; Libinson, J. 
Chem. Ind. Moscow, 1921), 6, 8; Maliarevsky 
and Papkov, ibid. 1928, 5, 682). Fauser (Chim. 
et Ind. 1931, 25, 666; Chem. Met. Eng. 
1930, 37, 604) states, however, that the con- 
version ethciency falls to 91%, and the life of the 
catalyst is reduced, by opera ting under increased 
pressure, so that the pressure must bo applied to 
the oxidi<Vid gas (p. 5756). 


more complicated {see Hall, Jacques, and Leslie, 
J.S.C.l. 1922, 41, 285t; Pascal, M6m. Poudres, 
1924, 21, 1 ; II. W. Webb, “ Absorption of 
Nitrous Gases,” Arnold, 1924; J.S.C.l 1913, 
50, 128t; Trans. Inst. Chem. Eng. 1929, 7, 108; 
Elukhen, Khimistroi, 1933, 5, 2203; Hennel, 
Chim. ot Ind. 1933, 29, 786, 1042; Brauer, 
Reitstotter, and Siobenreicher, Angew. Chem. 
Chem. 1932, 45, 727; A. Cottrell, “Manu- 
facture of Nitric A(dd and Nitrates,” Gurney 
and Jackson, 1923). 

Bodenstein and Lindner (Z. physikal. Chem. 
1922, 100, 68) found for the velocity coefficient 
A' of the reaction 2NO-f 02-'-2N03 (units g. 
mol. ])er 1. and minutes) : 


'Feinp,, °c, 
A-x 10-6 

Temp., °c. 
k > 10-6 


0 

30 

60 

90 

141 

2-09 

1-.59 

1-31 

M2 

0-925 

197 

241 

291 

340 

389 

0-791 

0-724 

0-681 

0-659 

0-649 


Absorption of Oxides of Nitrogen. 

The production of nitric acid by bringing gases 
containing oxides of nitrogen and excess of 
oxygen in contact with water is a process which 
can, and has, given rise to groat technical diffi- 
culties urdess the mechanism of the reactions 
is fully appreciated. It is conqJctely different 
from the relatively simple problem of absorbing 
a single gas in a liquid, such as hydrogen chloride 
in water, or sulphur trioxido in concentrated 
sulphuric- acid, when the only concern of the 
plant designer is to provide adequate absorption 
surface and cooling. 

Nitric oxide, NO, the first product of the arc 
and ammonia oxidation processes, is practically 
insoluble in water, and the first step in the 
absorption process is to convert it, by spon- 
taneous oxidation in the gas phase by excess 
of oxygen (which may be in the form of air), 
into nitrogen dioxide, NOg, by the reaction 
2NO-f O2-2NO2. The kinetics of this tor- 
molecular reaction are fully and quantitatively 
known (p. 520a), so that the many speculations 
on it which have been made, and still appear, 
are pointless. With dilute gases the reaction 
is rather slow, and adequate gas space must 
be provided. The problem is, however, greatly 
complicated by the fact that, when the oxidised 
gas is brought in contact with water, nitric 
oxide is again formed by the reactions : 

2N02+H20 = HN 02 +HN 03 

3HN02^ HNO 3 F 2 NO+H 2 O, 

and free spac^e for its re-oxidation is again 
required. The efif^ect is that, unless the absorp- 
tion system is scientifically designed, it becomes 
very large, expensive, and inefficient. Any 
attempt to bring about rapid absorption by 
exposure of a large surface without adequate 
empty oxidising space merely produces a liquid 
containing nitrous acid and nitrous anhydride 
(2HNO2 ^ NjOg-l- HjO), which on agitation 
or exposure to air emits nitric oxide, only a 
dilute acid remaining. With increasing con- 
centration, the nitrous acid becomes unstable, 
the greater part being eliminated. As the con- 
centration of nitric acid increases, however, the 
nitrous acid tends to be retained and partly 
c'on verted into NOj in the liquid, so that the 
progress of the absorption reaction becomes still 


and Bodenstein and Ramstetter {see Bodenstein 
and Lindner, l.c.) for the rca(!tion 

2NO2-2NO+O2: 

Temp., . 3H) .330-5 354 378-5 383 

k ... . 01-0 00-6 204 485 568 

The cquihbriurn N2O4 2NO2 was found 
to be given, between 9" and ]15"c. by the 
equation : 

I'-g -iMljT+ 1-75 log T 

f O-00483r-7-144x ]0-»r24-3-062 

.and the equilibrium 2N02^2N0-f02 be- 
tween 220° and 550°c. by the equation : 

log {pIoPoJpIo,) “ -5. 749/7’+ 1-75 log T 

-0-000607M- 2-839 

with j> in atm. 

The absorption towers for the dilute gases 
formed in the arc process are very largo. At 
Rjukan there are 32 granite absorption towers, 
each 34 m. high and 7 m. in diameter, and 
weighing 2,400 tons. 

In the Legnano works of Rossi, using the 
Pauling process, there is an empty oxidation 
tower of 70,620 cu. ft. capacity, five acid towers, 
each 65-6 ft. high and 16-4 ft. in diameter, and 
four iron alkali towers, each 72 ft. high and 11-5 
ft. in diameter. The strongest acid is 23-25% 
H N O3, and 20% of the absorbed gas is recovered 
in the alkali towers. The loss is only 1%. 

The enormous towers used in arc process plants 
wore, however, inefficient on account of un- 
scientific design. 

Experiments by Prof. Pascal at Angoul6me 
showed that three towers, 18 in. in diameter 
and 15 ft. high, with scientific arrangement, 
effect the same absorption as one of the usual 
granite towers 60 ft. high, weighing 260 tons 
and costing £4,000. 

The absorption towers used for ammonia - 
oxidation gas at Angoul6me (P. Pascal, “ Traits 
de Chimie Min^rale,” Masson, 1932, Vol. ITT, 
p. 744) were 12-5 m. high and 4*15 m. in internal 
diameter, with an 8-m. column of packing and 
an internal exit pipe 36 cm. by 70 cm. reaching 
to 20 cm. of the top. The packing left 63% of 
free space and exposed a surface of 27 sq. m. per 
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cu. m., or 2,700 sq. m. in each tower. The acid 
circulation was 15 cu. m. per hour. The gas 
velocity was 7 cm. per sec. The concentration 
of oxides of nitrogen in the gas, expressed in g. 
of nitric acid per cu. in., and the concentration 
of the liquid acid in the seven absoiq)tion towers 
producing 10 metric tons of nitric acid as 20 tons 
of 50% acid, are given in the table. The initial 
concentration of the gas was 210-230 g. of nitric 
acid per cu. in. 

Tower . . 1 2 3 4 

Gas conen. . 198-175 192-162 149-80 96-41 

Acid conen. . 53*9-48-5 49‘,5-41-5 41 •5-32-5 32-5-20-2 

Tower . . 5 0 7 

Gas conen. . 41-13 19-7 11-1 

Acid conen. . 20-2-10-7 10-7-5-5 5-5-0 

If the temperature rose, the acid concentration 
in the first tower was sometimes a little smaller 
than that in the second. Aluminium tube coolers 
were interposed in the acid circuit. The loss in 
unabsorbed gas varied from 0-5-5%, usually 
2-3%, and even 1% with good cooling. A com- 
parison of the efficiency of f he last three towers 
with the Norwegian granite towers is given : 

Towers 5, 6, Norwegian 

and 7. towers. 

Number of towers . 3 4 

Total useful volume . 330 cu. m. 2,400 cu. m. 

Total empty apace . 200 cu. m. 1,200 cu. m. 

'J'lme of contact (min.) 13 3 

Circulation per hour 

per sq. m. . . . 0-5-1 ou. in, 0-3 cu. m. 
HNO3 condensed . . 750 kg. 12-15 metric tons 

HNO3 condensed per 

cu. m 2-25 kg. 5-6-25 kg. 

The absorption system at lldclist is described 
on p. 568c. 

Many papers dealing with the flow of liqm'd 
and gas through a packed tower have a]ipeared 
(Scott, Trans. Inst. Chem. Eng. 1935, 13 , 211; 
Hickson and Scott, Ind. Eng. Chem. 1935, 27 , 
307 ; Baker, Cliilton, and Vernon, Trans. Amer. 
Inst. Chem. Eng. 1935, 31 , 296 ; Mayo, Hunter, 
and Nash, J.S.C.I. 1935, 54 , 375t; Tour and 
Lerman, Trans. Amer. Inst. Chem. Eng. 1939, 
35 , 709). The theory of towers for absorbing 
oxides of nitrogen is less advanced (Partington 
and Parker, J.S.C.I. 1919, 38 , 75t ; 1924, 43 , 
62t ; Taylor, Chilton, and Handforth, Ind. Eng. 
Chem. 1931, 23 , 860; Chambers and Sherwood, 
ibid. 1937, 29 , 1415; Kiritschenko and Ben- 
kovski, Ukrain. Chem. J. 1936, 11 , 304; H. W. 
Webb, “ Absorption of Nitrous Gases,” Arnold, 
1924 ). 

The efficiency of a tower system will depend 
on three factors : 

1. The rapidity and completeness of absorp- 
tion. This may be specified by the weight of 
soluble gas extracted per min. per cu. ft. of 
gross tower space, and the overall percentage 
absorption. 

2 . The concentration of the solution produced. 
This factor is of considerable importance, since 
the costs of handling, storing, and concentrating 
30% nitric acid are much greater than those for 
60% acid. 

Rapidity and completeness of absorption . — 
The weight in lb. of nitrogen dioxide absorbed 
in 1 min. per sq. ft. of acid surface, or the 
absorption coefficient, depends on the partial 
pressures of nitrogen dioxide and oxygen in the 


gas, the concentration of the acid used for 
absorption, the temperature, the turbulence of 
the liquid and of the gas, the amount of oxida- 
tion space allowed for the nitric oxide produced 
during the absorption, and t.he rate of renewal 
of liquid surface, i.e., the acid flow through the 
tower. Values of the absorption coefficient are 
given by Partington and Parker {l.c.). The 
(lependenco on thei partial pres'^mre of nitrogen 
dioxide is shown by the following figures : 




('n, ft. gross tower 

Gas. 

% NO2 in gas. 

space per lb. of 



NO2 per min. 

Arc .... 

1 

6,000 

Genitrator . 

20 

200 


The dependence on the strength of acid uscsd 
for absorption is approximately as follows ; 


% strength of 

Hate of 

acid. 

absorption. 

0 

. . 1-00 

10 

. . 0-i)9 

20 

. . 0-95 

30 

. . 0-90 

40 

. . 0-80 

50 

. . 0-70 

60 

. . 0-55 

65 

. . 0-32 

68 

. . 0-00 


(Foorster and Koch, Z. angow. Chem. 1908, 21 , 
2161, 2209; Ridoal, J. Ind. Eng. Chem. 1920, 
12 , 531 ; Foerster, Burchardt, and Fricko, Z. 
arigew. Chem. 1920, 33 , 113, 122, 129; Hall, 
Jacques, and Iveslio, J.S.C.I. J922, 41, 285t; 
Pascal and I)eearri6re, in P. Pascal, ‘‘ Traite do 
Chimie Minerale,” Masson, 1932, Vol. Ill, 
p. 760). Tlierc is evidence of a maximiun speed 
of absorption in 10% acid. 

Elimination of Nitrons Acid . — The primary 
reaction in the absorption is the formation of 
one molecule each of nitric and nitrous acids : 
2N02-f H2O-HNO24-HNO3. The elimina- 
' tion of the nitrous acid from the liquid now 
follows ; the final acid rarely contains more than 
about 0*3% of nitrous acid. 

The exact mode of elimination of the nitrous 
acid has been difi’erently explained. 

1. The nitric oxide theory. According to this, 
the nitrous acid decomposes reversibly according 
to the equation : 

3HNO2 HNO3+2NO+H2O 

(Saiioschnikoff, J. Russ. Phys. Chem. 80c. 19()0, 
32 , 375; 1901, 33 , 506; Lewis and Edgar, J. 
Amer. Chem. Soc. 1911, 33 , 292; Burdick and 
Freed, ibid. 1921, 43 , 518; Abel et al., Z. 
physikal. Chem. 1928, 132 , 65; 134 , 279; 136 , 
135, 419, 430; 1930, 147 , 69; 148 , 337; 

Klemenc, Alfons, and Hayck, Z. anorg. Chem. 
1930, 186 , 187 ; Klcmcnc and Rupp, ibid. 1930, 
194 , 51 ; Bode, ibid. 1931, 195 , 201 ; Podhorsky, 
Archiv. Hem. Farm. 1932, 6, 187). 

Lewis and Edgar found at 25° 

A==[H N OJ3/L H •][ N O 3 '] =0-0267, 
but later workers found that the reaction is 
more complex than that formulated. The 
value of K at 26° is approximately 0-033 but 
depends on the ionic strength (particularly the 
HNOj concentration) in a known way. 
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In prescnct^ of nitric oxide ga8 this reaction 
reaches an equilibrium with nitrous and nitric 
acids present together in the solution. In 
actual tower practice, however, there is an excess 
of oxygon and of indifferent gas. Both factors 
tend to reduce the nitrous acid concentration 
in the solution ; the first by removing the 
supernatant nitric oxide, with formation of 
nitrogen dioxide which then re-dissolves, and 
the second by reducing the partial pressure of 
the nitric oxide. 

2. The volatilisation theory. Nitrous acid in 
aqueous solution above a certain strength 
exhibits a marked blue colour, owing to partial 
dissociation with the formation of NgOj : 
2HNOij^ N2O3+H2O. The NgOg tends to 
escape troin the solution as NO and NOg. 

Klemenc and Poliak (Z. physikal. Cluun. 1922, 
101, 150) found that the rate of decomposition 
of nitrous acid solution is mainly determined by 
the rate at which NO escapes from the solution, 
and is proportional to the HNOg concentration. 
The rate of decomposition is increased by 
passing carbon dioxide through the solution and 
by adding other acids. 

3. The oxidation theory. In absorption towers, 
where excess of oxygon is present, the reaction 
2HN02+02=55HN03 undoubtedly takes place 
in solution, and probably to a still greater extent 
in the Pohle lifts, whore a v(^ry efficient churning | 
together of the liquid and the air used for work- 
ing the lifts occurs. The use of oxygen instead 
of air in working the lifts would greatly increase 
this oxidising action (Farbw. vorm. Meister, 
Lucius, und Briining, B.P. 19032, 1911). 

Under average conditions the elimination of 
nitrous acid proceeds at a rate sufficient to allow 
it to be neglected in considering the rate of solu- 
tion of the oxides of nitrogen. 

Oxidising Space in Towers. — Although some of 
the nitrous acid produced in the absorption 
towers is eliminated in solution by oxidation, 
the greater part reappears in the gas phase as 
nitric oxide, arising from the reactions : 

(а) 3N02+H20==2HN03+N0 

(б) 2NO+O2-2NO2. 

Equation {a) appears to be the sum 'of two 
separate reactions, involving the intermediate 
formation of nitrous acid : 

2N02+H20 = HN 0 a+HN 03 

3HN0a-HN08+2N0+Ha0. 

Reactions (a) and (5) constitute a cycle, in which 
out of three molecules of nitrogen dioxide taken, 
two are absorbed, and one remains for further 
absorption. One-third of the nitrogen dioxide 
therefore remains after each cycle. Thus, after 
four cycles, about 99% of the oxides are 
absorbed. 

The regeneration of nitrogen dioxide by re- 
action (6) is not, in ordinary tower practice, 
carried out under ideal conditions, because the 
first half of the oxidation of NO to NOj is 
much faster than the second (p. 6206), and the 
mixture of NO and NOo so formed is rapidly 
absorbed by water, with the production of 
nitrous acid : 

HjO-fNO+NOa^ N 203 +H 20 ;f^ 2 HN 0 j. 


The cycle of reactions, under these conditions, 
will now bo as follows : 

(1) 3N2O4+2H2O-4HNO3+2NO 

(2) 2N0+^02- NO-f NO 2 

(3) NO+NO2+H2O-2HNO2 

(4) 3HN02-HN63l-2N0-i-H20. 

It can bfi shown that, with these reactions, 
it is necessary to go through at least ten cycles 
to producre the same effect as with four cycles in 
which the gas presented to the liquid is fully 
oxidised NOg. This will very much increase 
the tower space required. Patents have been 
framed to obviate this by removing the gas after 
each contact with water, and allowing it to be 
fully oxidised before again bringing it into con- 
tact with water or acid [see below). It has also 
been proposed to use catalysts for the oxidation 
of nitric oxide, e.g., a cobaltic oxide gel at 300° 
(Klingellioefer, U.8.P. 2115173, 1938) and 

vapours of iron pentacarbonyl (Gos. f. Linde’s 
Eismasehinen A.-G., G.P. 660734, 1933). The 
presence of chlorine in the gas is also said to 
accelerate the absorption of oxides of nitrogen 
(H. W. Webb, “ Absorption of Nitrous 
Gases,” Arnold, 1924; J.S.C.I. 1931, 50, 128t; 
Trans. Inst. them. Eng. 1929, 7, 108) perhaps 
from the intermediate formation of nitrosyl 
chloride : 

2NO 1 CI 2 2NOCI 
NOCH H 2 O- HNO 2 +HCI. 

The actual conditions obtaining in towers are, 
however, more advantageous than would appear 
at first sight, for the following reasons : (i) The 
oxidation in the free space will proceed beyond 
the stage NO+NOg, (ii) opportunity for com- 
plete oxichition will occur in the connecting pipes 
between the towers. 

The complete oxidation of nitric oxide by 
atmospheric oxygen is slow in the case of dilute 
gases, and this reaction is the chief source of 
difficulty in all nitrogen fixation processes in 
which nitric oxide is the primary product {see 
p. 5726). It may be said that, for gas containing 
2% of nitric oxide, a time of contact of not loss 
than 2 minutes is required for adequate oxida- 
tion before subsequent absorption. In this case 
90% of the NO will be oxidised to NOg (G. W. 
Todd, “ Physical and Chemical Data of Nitrogen 
Fixation,” H.M. Stationery Office, 1919 ; Phil. 
Mag. 1918, [vii], 35, 281, 435; Proc. Durham 
Phil. Soc. 1923, 6, 291). 

Mist Formation in Towers. — An important 
phenomenon which makes its appearance during 
the absorption of oxides of nitrogen in water is 
the formation of a white mist (c/. Chambers and 
Sherwood, Ind. Eng. Chem. 1937, 29, 1415), 
which is carried away by the inert gas passing 
through the towers, and appears in the exit gas. 
The mist consists of quite strong nitric acid in 
the form of droplets, which are formed as soon 
as the oxides of nitrogen enter the train of 
absorption towers, i.e., in the strong acid tower, 
and pass unaltered and uncondensed through 
the remaining weak acid towers. 

In the absorption of gases from arc furnaces, 
the gases coming from the water towers contain 
a considerable quantity of acid mist, which 
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normally passes into the soda towers and is there 
absorbed as sodium nitrate. If soda towers are 
not used, this mist escapes condensation, and 
even with soda towers the absorption is incom- 
plete. By means of electrical precipitation 
apparatus it is possible to condense the mist to 
35% nitric acid, i.c., acid corresponding with 
that in the first tower. 

In absorption- tower operation Webb (/.r.) 
recommends an inlet temperature of 15-40^ 
and with rich gas the towers should be cooled 
to remove the heat of oxidation of nitric oxide. 
Reactions in packed and unpacked towers are 
regarded as different. Toniolo (Chim. et Ind. 
1927, 17, 546; Chem. Met. Eng. 1927, 34, 
92; B.P. 267721, 1926), Taylor (Ind. Eng. 
Chem. 1927, 19, 1250), Kaltenbach (Chim. et 
Ind. 1929, 21, 701), Libinson (.1. Chem. Ind. 
Moscow, 1932, 9, No. 10, 66), and Berl (i7)/d. 
No. 11, 44) also recommend cooling, and em- 
phasise the necessity of securing as complete 
oxidation of nitric oxide as possible (r/. J. R. 
Partington and L. H. Parker, “ The Nitrogen 
Industry,” Constable, 1922, p. 326; Luscher, 
U.S.P. 1901816, 1929). There is some evidence j 
that with very dilute gases, warming the tower 
liquid is advantageous (Rideal, J. Ind. Eng. 
Chem. 1920, 12, 531). 

The use of acid-resisting steel coolers and 
absorption towers is becoming general; in 
America, steel Avith 16-19% of chromium, less 
than 0*12% of carbon, less than 1% of silicon, 
and less than 0-4% of manganese, is used 
(Mitchell, Chem. Met. Eng. 1928, 35, 734; 
Ind. Eng. Chem. 1929, 21, 442), although 
McQuigg recommends 20% of chromium. The 
welding and heat treatment of such steels 
requires very special technique, otherwise rapid 
distintegration and corrosion of the joints ensue 
(Martin, Chem. Trade J. 1931, 89, 631 ; Leverick, 
J.S.C.I. 1930, 49, 472; Hatfield, 1929, 48, 
1060; Donaldson, v'M. 1931, 50, 787; Becket, 
ibid. 1932, 51, 49 ; Matagrin, Chem. Met. Eng. 
1933, 40, 480). Absorption under increased 
pressure is possible with use of acid-resisting 
steel compressors and absorption vessels. A 
chrome-nickel steel called metal, suitable 
for use with nitric acid, was introduced by 
Krupp A.-G. at Essen (B. Waeser and E. Fyle- 
man, “ Atmospheric Nitrogen Industry,” Vol. II, 
Churchill, 1926, pp. 674, 677). Acid pumps, 
including centrifugal pumps, are made of this 
steel. 

Fauser (Chim. et Ind. 1931, 25, 556 ; Chem. 
Met. Eng. 1930, 37, 604; Chem. Age, 1932, 
26, 368; Sander, Chem. Fabrik, 1932, 5, 412) 
oxidises a mixture containing 11% of ammonia 
and enriched to 22% of oxygen, without pre- 
heating, at atmospheric pressure, compresses 
the oxidised gas to 3-3-5 atm. by chrome-steel 
turbo-compressors, and effects absorption in 
horizontal acid-resisting steel cylinders, cooled 
externally by water, with an empty upper 
oxidising space, the acid passing through them 
in counter- current by U -pipes. The gas is 
admitted through a perforated horizontal tube 
lying near the liquid surface, and bubbles 
through, the liquid. Twelve cylinders give an 
absorption efficiency of 95%. This process is 
used at Sluiskil, with a capacity of 120 tons of 


36° acid per day, and in addition to better 
efficiency it produces a stronger acid than 
towers (Berl, Z. angew. Chem. 1923, 86 , 87 ; 
Fauser, Giorn. Cliim. Ind. Appl. 1928, 10, 183 ; 
Van dor Hoeven, Ingonieur (Holland), 1932, 
47a, 293). 

Many proposals have been made to absorb 
oxides of nitrogen without towers, or in sptAcially 
designed towers. In some of these the necessity 
of providing adequate oxidising space is recog- 
nised. Hausser (B.P. 7419, 1914) makes pro- 
vision for re-oxidation of the NO produced in 
the interaction between NOg and water by 
causing the gas to traverse a long path after 
each absorption. Engels and Diirre (G.P. 
229096, 1908) pass gases containing not less 
than 50% of NgOg through a series of towers fed 
with water and add air in portions to each tower. 
Naville, Guye, and Guye (B.P. 6155, 1908, conv. 
1907) allow oxides of nitrogen containing fully 
oxidised NOg to react with water until about 
two-thirds of the oxides are removed. The 
residual gas, containing NO, is then drmd, 
usually by cooling, and allowed to rcoxidiso 
completely in an empty chamber out of contact 
with water. The fully oxidised gas is again 
brought in contact with water until another 
tw'o-thirds is absorbed, and the process repeated. 
Farbw. vorm. Meistor, Lucius, und Briining 
(B.P. 19032, 1911) use compressed oxygen 
instead of air in operating acid elevators, tlie 
gas from the elevators being introduced into 
the towers. The Norsk Hydro. (B.P. 100099, 
1915) effect absorption under pressure, when the 
volume is reduced proportionally to the square 
of the pressure (rf. Naville and Guye, F.P. 
385569 and 385605, 1908, in which absorption of 
arc furnace gas under pressure is said to give 
95% nitric acid directly). Bergius (G.P. Anm. 
B. 53617) compresses oxides of nitrogen to 26 
atm., adds steam, and expands suddenly into a 
chamber, when nitric acid is obtained. Moscicki 
(B.P. 17365, 1911 ; Beardsley and Park, U.S.P. 
2206495, 1940) uses an absorption apparatus 
comprising rectangular chambers built into one 
block, the dividing walls being pierced with 
small holes. Alternate chambers are packed 
and empty. The width of each chamber is only 
16-30 cm., and the gas flows at the rate of about 
4 cm. per second horizontally through the 
apparatus. The absorbing chambers are flooded 
intermittently with liquid, which is allowed to 
drain off, and elevated to the top of the next 
chamber in opposition to the motion of the gas. 

Silica gel may be used to separate nitrogen 
dioxide from a gas (e.ff., from ammonia oxidation 
converters) (Erase, Chem. Met. Eng. 1926, 
33, 674; Ray, J. Physical Chem. 1926, 29, 74) 
or arc gas (Brincr and Sguaitamatte, Helv. Chim. 
Acta, 1941, 24, 421). Erase removes water in a 
tower packed with water-cooled aluminium 
helices, when a loss of dissolved oxides as low 
as 1% may be realised. The gas is then passed 
through an oxidising tower and then through a 
tower with powdered silica gel falling through 
it. Only 34^7% of oxides are absorbed at one 
passage. The gas is driven out by heating the 
gel in a slow stream of air at 360° (McCollum and 
Daniels, Ind. Eng. Chem. 1923, 16, 1173). A 
good silica gel can be heated as high as 800° 
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without losing its activity. Adsorption by active 
charcoal has also been proposed (Verein f. Chem. 
u. Met. Prod., G.P. 418322, 1922). 

The Schloesing Process. — An alternative 
method of absorption is proposed by A. 
Schloesing (F.P. 460328, 1912), in which quick- 
lime in the form of briquettes is treated with the 
hot arc furnace gases for some days. Calcium 
nitrate and nitrite are first formed, but under 
the influence of the air and nitrous gases the 
nitrite is ultimately completely converted into 
nitrate. Oswald (Ann. (5um. 1914, [ix], 1, 32) 
found that on passing nitrogen dioxide over hot 
lime, a loss of 20% of combined nitrogen oc- 
curred. Oswald represents this by the equation : 
2CaO-f 5N02==2Ca(N03)2+ N, and this loss 
of combined nitrogen has been confirmed by 
Partington and Williams (J.C.S. 1924, 125, 947), 
who showed that the probable reactions are : 

2Ca0+4N02 Ca(N02)2+Ca(N08)2 

Ca(N02)2+2N02-Ca(N03)2+2N0 

Ca(N02)2+2N0^Ca(N03)2+N2. 

According to Schloesing, with the very dilute 
gases from arc furnaces, there is no loss of com- 
bined nitrogen. He lays great stress on the 
preparation of the lime briquettes. QuickliTne 
obtained by burning soft chalk is slaked, the 
hydrate is pressed into briquettes, and the 
latter are dehydrated at as low a temperature 
as possible, about 500°. The gas must be dry 
and free from carbon dioxide, and is passed 
over the lime in lagged iron retorts at 300^00°, 
The use of a vt'-ry porous lime is specified (Lefort 
des Ylouses and L’Azote Fran9ais, U.S.P. 
1959480, 1934). 

Large-scale trials of the process at Notodden 
gave a product containing about 14% of com- 
bined nitrogen and 1-13% of free lime. This 
process is not worked at present. 

Direct Production of Nitrates. — Goold- 
Adams, Partington, and Ridoal (B.P. 129699, 
1917) found that if gases containing oxides of 
nitrogen, such as are produced in arc furnaces 
or by the oxidation of ammonia, are passed 
through an alkaline solution, containing alkali 
hydroxide or carbonate, lime, or a suspension 
of calcium carbonate (limestone, or oyanamide 
sludge), all the nitrite in the mixture of nitrate 
and nitrite first produced is ultimately converted 
into nitrate. 

During the first part of the absorption, a 
mixture of equimolecular amounts of nitrate 
and nitrite is formed, e,g., with lime : 

1 . 2Ca(0H)2-f4N02 

-Ca(N03)2+Ca(N02)2+2H20. 

During this stage the reaction remains alkaline, 
and all the insoluble diluent gas (nitrogen) 
associated with 4NO2 passes out of the 
apparatus. 

When the reaction medium becomes neutral, 
the NO2 begins to dissolve as a mixture of equi- 
molecular amounts of nitrous and nitric acids : 

2. 4N03+2H20=2HN03+2HN02. 

The nitric acid decomposes the nitrite, e.^., 
calcium nitrite, in solution, and a mixture of 


equimolecular amounts of NO and NO2 is 
evolved : 

3. Ca(N02)24-2HN03 

-Ca(N03)24-N0-fN02-f H 2 O. 

At the same time the nitrous acid formed in 
reaction (2) undergoes decomposition, with 
evolution of NO+NOg: 

4. 2HNO2- NO-I NO2+H2O. 

Thus, in the volume of indifferent gas which 
contained 4NO2 on entering the apparatus we 
have, when it leaves the apparatus, 

2(N0 1 NOg), 

equivalent to the original concentration. This 
gas is now passed through empty towers, where 
the NO undergoes oxidation to NOg in presence 
of the excess of oxygen in the gas. The fully 
oxidised gas then passes to a second set of 
absorbers, where reat tion (1) occurs. 

The final solution contains only calcium 
nitrate, with a little free nitrous acid, which is 
removed by passing air through it. This air is 
then passed through the absorbers containing 
fresh milk of lime, to recover the oxides of 
nitrogen. The process may be used with gas 
containing as little as 1% by volume of NOg, 
and at the ordinary temperature or with the 
solutions at 30°. The milk of hrae may be used 
of such a strength as to give a resulting solution 
containing 50% of calcium nitrate. 

Partington, Jones, and Brownson (B.P. 
134562, 136190, 1919; 8akton, J. Chem. Ind. 
Russ. 1936, 13, 164) found that wlien a mixture 
of air, oxides of nitrogen, and a regulated 
amount of moisture {e.g.y suitably treated gas 
from the oxidation of ammonia) is passed 
through a chamber, and jots of ammonia gas 
introduced, there is an instant separation of dry, 
solid, ammonium nitrate, perfectly free from 
nitrite. This settles out as a loose powder, 
which on standing for a few hours shrinks to a 
denser powder without caking. This product is 
less deliquescent than ordinary ammonium 
nitrate, and the process gives very satisfactory 
yields. The mechanism of the reaction is not 
yet quite clear ; the net result appears to be : 

2N02+2NH3+Ha0+J03=2NH4N08. 

If oxides of nitrogen and ammonia gas are mixed 
without the special precautions mentioned, 
considerable decomposition and loss occurs. 
The same experimenters also found that the 
fume of ammonium nitrate produced when 
moist oxides of nitrogen and ammonia are 
brought together, which, unlike that formed in 
the 'above process, does not readily condense, 
may be brought into the solid form by passing 
the fume through concentrated sulphuric acid. 
Very little absorption of ammonium nitrate by 
the liquid takes place, but the dried fume at once 
deposits solid ammonium nitrate on issuing 
from the acid. 

Absorption of residual traces of oxides of 
nitrogen in ammonia solution is proposed 
(Voogd, U.S.P. 2110431, 1938), but this seems 
likoly to lead to loss as free nitrogen, from decom- 
position of ammonium nitrite. 
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Hofmann (Ber. 1920, 59 [B], 204, 2574; 
G.P. 469432, 1926) obtains nitrates by passing 
a mixture of ammonia and air over heated basic 
substances (alkalis, alkali carbonates, alkaline 
earth hydroxides except magnesia, and soda 
lime) to which small amounts (0-1%) of catalysts 
(nickel, cobalt, silver, copper, or their oxides) 
may be added. 

Oxides of nitrogen passed at 40-50° through 
coarse solid ammonium bicarbonate form am- 
monium nitrate (F. Bartling, J. Bartling, and 
Meier, and Alterum Kredit A.-G., U.S.F. 
1957130, 1934). Shapleigh (U.S.P. 2102136, 
1937) absorbs oxides of nitrogen in ammonium 
nitrate solution and then adds ammonia. 

Direct Production of Concentrated 
Nitric Acid. — A iiovel method of cc)nceii- 


% by weight 



0 20 40 60 80 100 


^2® N20^ Mots % ^2^3 

Fio. 8. 

trating nitric acid is described in the patents of 
Farbw. vorm. Meister, Lucius, and Bruning 
(B.P. 15948, 1911, and 4345, 1915), Acid of 
60-62% is enriched with nitrogen peroxide, 
which readily dissolves in it, and the liquid is 
subjected in a finely divided condition to the 
action of oxygen : 

2N02+H20+i02-2HN03. 

The unchanged nitrogen peroxide is expelled 
by the current of oxygen, and the resulting con- 
centrated acid is practically free from nitrous 
acid. In another process, aqueous nitric acid is 
agitated with excess of liquid nitrogen peroxide. 
IVo layers are rapidly formed, each consisting 
of nitric acid holding nitrogen peroxide in solu- 
tion. The upper layer consists of liquid nitrogen 
peroxide containing very concentrated nitric 
acid (98--99%) in solution, whilst the lower layer 
VoL. VIII.— 37 


is a solution of nitrogen peroxide in weaker (75%) 
nitric acid. The upper layer may be separated 
and the nitrogen peroxide removed by dis- 
tillation, when very concentrated nitric acid 
remains. The nitrogen dioxide removed is used 
again. Those processes were verified by the 
writer, who found in addition that if nitrogen 
peroxide and oxygen are passed through water 
for a sufficient length of time, the same two 
layers are formed (j. R. Partington and L. H. 
Parker, “ The Nitrogen Industry,” Constable, 
1922, p. 294; J. R. Partington, “The Alkali 
Industry,” Bailli6re, 2nd ed., 1920, p. 293). 
This proco.ss has been developed for use in con- 
centrating nitric acid in connection with the 
ammonia-oxygen-steam process for the oxida- 
tion of ammonia (j). 571c), and the method is 
the basis of niodtjrn processes for making con- 
centrated nitric acid. 

^ 2 ^ 4 % 
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The systems involved have been (incom- 
pletely) studied by Lowry and co-workers 
(Lowry and Lemon, J.C.S. 1936, 1, 6 ; Lowry, 
Lloyd, and Lloyd, ibid., p. 10). The equilibrium 
diagram for mixtures of liquid NgOg and water 
is shown in Fig. 8. Below 0° the solubility of 
liquid NgOg falls to 36% by weight at —33-3° 
at E, when the solubility curve a intersects the 
freezing-point curve b for homogeneous solutions 
of NgOg in water. This is a quadruple point; 
the aqueous liquid contains partly dissociated 
nitrous acid : 2 H N Og ^ N gOad- H gO ; the 

heavy liquid phase (corresponding with the 
intersection of the horizontal at f with the curve 
CDF), corresponds with more than 94% of NgOg ; 
the other two phases are pure ice and a gas 
which is mostly NO. The compositions of the 
two liquid layers at other temperatures are 
shown by the two branches eao and odf of the 
curve, c being a critical solution temperature 
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(55°; 66% NgOg). Another probable quater- 
nary point G, near the freezing-point —103° of 
NgOg, was not ex perimcni tally realised. 

The system NgO^-HgO is much more compli- 
cated, since the reaction 

2N2O4 f H2O ^ N2O3+2HNO3, 

and to a smaller extent the reac tion 

3N204H-2H20-4HN03+2N0, 

occur. The equilibrium diagram is shown in Fig. 9. 
AB is the i(;e curve from homogeneous aqueous 
solutions, intersecting at —50*3° (32-7% N2O4) I 


1 the curve bc corresponding with the separation, 
! in cubic aggregates, of some solid, the composi- 
tion of which was not determined, de is the 
curve of separation of what was probably 
HN03,3H20, with a maximum at - 22*5° fm.p. 
of HNOg.SHgO - — 18*5°). At higher concen- 
trations of N2O4 the upper aqueous layer 
deposited yellow crystals at —80°, possibly 
N 204,2 HNO3, which is said (Pascal and 
Gamier, Bull. Soc. cliim. 1919, [ivj, 25, 309) to 
decompose at —48-5°. The two curves fo and 
HI giv^c the temperatures of crystallisation of 
N2O4 from the lower layer of liquefied gas, con- 
sisting almost entirely of N2O4 and NgOg, the 


N2O3 
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freezing-point falling as the concentration of 
N20g increases, by elimination of N2O4 as 
nitric acid. The two curves are said to corre- 
spond with the crystallisation of two forms of 
N2O4, the upper curve to the common form in 
granular crystals and the lower curve to a new 
form in long flat needles. The miscibility curve 
OF is similar to that for the N2O3-N2O4 system, 
but flatter, the critical solution temperature 
being a little higher than 67° (89% Na04). 

The compositions of the two liquid layers are 
shown, for temperatures of 0° and 20°, in two 
triangular diagrams (Figs. 10 and 11), the apices 
representing pure N203,Ha0 and NgOg (from 
which all phases can be composed). The com- 


positions of N2O4, HNO2, HNO3 *^re 

shown on the sides of the diagram. Each mix- 
ture of N2O4 and water is represented by three 
points on the diagram, one showing its empirical 
composition and the other two the actual com- 
positions of the two layers. These three points 
are joined by a tie-line, and the ends of the tie- 
lines give two substantial sections bc, gh, of the 
boundary, abcdefohi, of the area of the diagram 
within which two liquid phases are formed. The 
whole of the boundary is not covered by the 
experiments, but the points n, f are provided 
by Bousfield’s measurements (J.C.S. 1919, 115, 
45). The oxides NgOg and N2O4 do not differ 
widely in miscibility with water ; when the non- 
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aqueous components have been oxidised about 
half-way between and they become 

almost abruptly mistuble with water in all pro- 
portions. Ihe densities of the two liquid layers 
showed that, whilst the non-aqueous layer was 
normally denser and more strongly coloured, in 
mixtures of NgO^ with nitric acid^ the lower 
layer is nitric acid with dissolved N2O4, whilst 
the upper layer is mostly liquid N 2O4 (Pascal and 
Gamier, lx . ; Rouslield, Lc.). Rousfield gives 
for the densities and compositions of saturated 
solutions : 


HNO3 ill N2O4. N2O4 In HNO3. 



P- 

% HNO 3 . 


P- ‘ 


4° 

1-4874 

4-90 

4° 

1-6543 

644 

11 ° 

1-4735 

6-67 

11 ° 

1-6394 

53-4 

18° 

l-45<)4 

8-05 

18° 

1-6250 

540 


A large number of paUuits specify treatment 
of dilute nitric acid with gaseous or liquid 
nitrogen dioxide and oxygen air under various 
conditions of temperature and pressure so as to 
form (concentrated nitric acid ; 

4NO2+O2+2H2O-4HNO3. 


N2O3 
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These mostly specify pre -separation of water 
from the converter gas by quick cooling (p. 568c) 
(Caro and Frank, B.P. 342068, 1929, conv. 1928, 
uses 50-200 atm. at 70-120° in chrome-steel 
tubes; I.G. Farbenind. A.-G., B.P. 320125, 
321425, 321728, 325475, 1928; Collett, B.P. 
362908, 1930; Melzer and von Boltenstern, 
G.P. 440657, 1925). 

Kramer and Rosenstoin (U.S.P. 1948968, 
1934) cool the converter gas and obtain liquid 
nitrogen dioxide, which forms two layers with 
the nitric acid, and distil. The use of oxygen 
and oxides of nitrogen under pressure to con- 
centrate dilute nitric acid is proposed (Lonza 
Elektrizit&tswerke & Chemische Fabriken A.-G., 
B.P. 418916, 1932), Cooling, and treatment of 
the dilute nitric acid with liquid nitrogen per- 


oxide and oxygen at 20 atm. and 70° is specified 
(Caro and Frank, B.P. 405450, 1931). Caro, 
Frank, Wendlandt, and Fischc^r (U.S.P. 1989267, 
1935) condense water from converter gas by 
cooling, cool further to (Jon dense the remaining 
water as nitric acid, and finally mix with air or 
oxygen and cool at 0° to condense liquid nitrogen 
peroxide. ElektrizitMswerk Lonza and E. 
Liischer (Swiss P. 118714, 1926) used ozonised 
oxygen. 

Bamag-Meguin A.-G. (B.P. 455734, 1936) pre- 
separate water and treat the dilute nitric acid 
with liquid nitrogen peroxide under pressure. 
The process is combined with oxidation with 
oxygen and steam (p. 571c), the details being 
as follows (Travers, Chim. et Ind. 1937, 88 , 429 ; 
Manning, Chem. Trade J. 1942, 111, 499; 
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J.8.C.I. 1943, 62, 98). The gas mixture (am- 
monia, oxygen, steam) passes through a layer 
of water at 80° just before passing through the 
platinum gauze at 750° (the optimum tempera- 
ture). The converter gas passes through 
ordinary steel tubes in a boiler and is then cooled 
to 200-230° by internally- cooled stainless steel 
tubes. It is then oxidised in a cooler of 13 
vertical tubes 9 m. long cooled externally by 
water, in which the temperature is lowered to 
25°. The rest of the water condenses and oxida- 
tion of nitric oxide to nitrogen dioxide is 
practically complete. At the base a 55-60% 
nitric acid separates, representing 18% of the 
nitric oxide formed. The rest of the gas is 
cooled by brine refrigeration to 10°, when the 
nitrogen peroxide liquihes. The liquid peroxide 
is then treated with oxygen and the 55-60% 
nitric acid at 50 kg. per sq. cm. pressure at 70° 
for four to five hours, when a mixture of nitrogen 
peroxide and nitric acid is formed. The gas, 
after liquefaction of the peroxide, is scrubbed in 
a tower with Raschig rings over which concen- 
trated nitric acid at 10° circulates, tlie gas 
leaving with less than 1% of nitrogen peroxide. 

The treatment of the 55-60% nitric acid with 
nitrogen peroxide and oxygen occurs in an auto- 
clave of thick-walled pure aluminium in a steel 
envelope, with an oxygen pressure in the 
annular space. It is closed by an aluminium- 
lined steel cover with tubes fixed in a stainless 
steel block. The liquids are run in at atmo- 
spheric pressure and the oxygen admitted under 
pressure ; the reaction is rapid at 20 kg. per sq. 
cm. and is finished at 50 kg. per sq. cm. 

The acid from the autoclave is introduced 
towards the middle of a column filled with 
Raschig rings and steam-heated at the base, 
the top being water-cooled. Distillation of 
nitrogen dioxide occurs at 90°. I'he 97-99% 
nitric acid from the base is finally bleached by a 
current of air. 

The oxidation efficiency of the llamag process 
is 96'5%, the absorption efficiency 98%, and 
the overall efficiency 94-5%. 

Du Pont do Nemours (B.P. 456446, 1934; 
Davies and I.C.I., B.P. 456518, 1936) pro-remove 
water and absorb the nitrogen dioxide in 90% 
nitric acid at 0-10° and 3-5 atm. pressure. The 
liquid is then oxidised by air at 60-120° and 50- 
200 atm. pressure, dilute nitric acid being finally 
added to form 96% nitric acid. De Jahn and 
Bower (U.8.P. 2027578, 1936) specify ab.sorption 
of oxides of nitrogen under pressure. Pronin 
(Khimistroi, 1935, 7, 395) specifies a temperature 
of 70° for treatment of dilute nitric acid, liquid 
nitrogen peroxide, and oxygen in an aluminium 
autoclave to make the 97-98% acid. 

Variations of the process are specified in which 
gaseous nitrogen dioxide from de-watered and 
oxidised converter gas is passed in a tower at 
80-90° and the 80% nitric acid formed treated 
in a second tower at 0° with gas from the first 
tower (Du Pont de Nemours, U.S.P. 2088057, 
1937), or converter gas containing nitric oxide 
is passed in counter- current to cold nitric acid 
in one tower, when the reaction 

N0-f2HN03-3N0a-fH20 
occurs, and the gas containing nitrogen dioxide 


is then passed counter- current to the acid from 
the first tower (Chemical Construction Corp., 
U.S.P. 2098953, 1937; Rudbach, B.P. 481629, 
1936). 

Production of Nitrates and Chlorine, — 

Much patent activity has recently centred 
around the treatment of common salt with 
nitric acid so as to form, ultimately, sodium 
nitrate and chlorine ; the demand for the latter 
may exceed that for the caustic soda obtained 
along with it in the electrolytic process. 

The reaction between sodium chloride and 
nitric acid is : 

NaCH HNOg-NaNOg-F HCI 
HN0a-h3HCI-Cla+N0CI + 2H20, 

and the treatment of the gas, containing nitrosyl 
chloride, NOCI, and chlorine, thus brings in the 
same problems as were encountered in the old 
Dunlop process for the manufacture of chlorine 
(B.P. 11624, 1847; Taylor, B.P. 13025, 1884; 
Lunge and Polet, Z. angew. Chem. 1895, 8, 3 ; 
Reusch, Chem.-Ztg. 1914, 88, 485 ; G. Lunge, 
“ Sulphuric Acid and Alkali,” Gurney and 
Jackson, 1911, Vol. Ill, p. 506). 

Two reactions of nitrosyl ciiloride could be 
important in such processes : 

(1) N 0 CI+H 2 S 04 --HC 1 +(N 0 )HS 04 

(2) N0CI+HN03=2N02f HCI. 

The nitrososulphuric acid is decomposed by 
water : 

(3) (N0)HS04+H20-HN03+H3S04, 

2HN02-H30+NO+N02. 

Interaction of sodium chloride and nitric acid 
to form sodium nitrate and nitrosyl chloride is 
specified by Beekhuis jun. (U.S.P. 2208112, 
1940; 2215450,1940; 2215451,1940). Lund- 
Strom and Whittaker (U.S.P. 2038083, 1936) 
oxidise nitrosyl chloride to nitrogen dioxide and 
chlorine by mixing with oxygen, drying, and 
heating to 190-300°. The Solvay Process Co., 
assignee of the Atmospheric Nitrogen Corp. 
(Canad. P. 363800, 1937; 3666786, 1937) treat 
sodium chloride with nitric acid, condense the 
nitrosyl (ffiloride, and oxidise it to nitrogen 
dioxide and chlorine, which are recovered 
separately. Imperial Chemical Industries (B.P. 
517174, 1937) treat sodium chloride solution with 
nitric acid, with gradual heating. The sodium 
nitrate is separated by cooling and subsequent 
neutralisation of the mother-liquor with sodium 
carbonate and evaporation. The gaseous pro- 
duct, containing chlorine, nitrosyl chloride, and 
nitrogen dioxide, which is evolved, is cooled and 
caused to react with solid sodium chloride, 
forming sodium nitrate and an equimolecular 
mixture of nitrosyl chloride and chlorine, which 
are separated by liquefaction and fractional 
distillation. The nitrosyl chloride is caused to 
react with sodium nitrate, forming sodium 
chloride and nitrogen dioxide, which is con- 
verted into nitric acid. The Solvay Process Co. 
(U.S.P, 2124636, 1938 ; 2130619, 1938 ; 2138016, 
1938; 2228273, 1941; 2247470,1941) convert 
nitrosyl chloride into nitrogen dioxide and 
chlorine by reaction with nitric acid. The Allied 
Chemical and Dye Corporation of America is 
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said to have made 10,000 tons of chlorine per 
annum by some such process (de Jahn, Chem. 
Met. Eng. 10156, 42, 637). Pauling (B.P. 462628, 
1936) distils hydrochloric acid by steam heating 
under reduced pressure from sodium chloride 
and 40% nitric acid and so avoids the formation 
of sodium chlorate and nitros^^l chloride. Hot 
gas at 300-600° can be used instead of steam for 
heating (I.G. Farbenind. A.-G., B.P. 463811, 
1936). 

In some specifications (Wliittaker and Lund- 
strom, U.S.P. 1920333, 1933 ; Kali-Forschungs- 
Anstalt G.m.b.H., B.P. 398187, 1933; 

406563, 1934) oxides of nitrogen (c.gr., from am- 
monia oxidation) arc passf^d over a chloride, 
e.g.y potassium chloride. Reed and Clark (Ind. 
Eng. Chem. 1937, 29, 333) passed a 6*2-1 1-0% 
nitrogen dioxide-air mixture in counter-current 
over moist solid potassium dilorido ; half the 
nitrogen oxides are converted into potassium 
nitrate and the other half into nitrosyl chloride, 
reaction being complete with a mixture contain- 
ing 8% of nitrogen dioxide. With dry potassium 
chloride the reaction is incomplete (Whittaker, 
Lundstrom, and Merz, ibid. 1931, 23, 1410). 

Oxidation of Ammonia in Solution. — 
Apart from bacterial oxidation (p. 544a), many 
other methods of oxidation of ammonia or am- 
monium salts to nitrites and nitrates in solution 
have been investigated. The reactions with 
common oxidising agents mostly give nitrogen : 
2 NH 3 + 3 O-N 2 + 3 H 2 O. Ammonia is rather 
stable to many oxidising agents, although it is 
rapidly decomposed by chlorine, hypochlorites, 
bromine, and hypobromites (p. 604d). Per- 
manganate acts very slowly in dilute solutions 
at room temperature, more rapidly at 60°, the 
reaction being infiuenced by the ammonia con- 
centration. Increase in ammonia concentration 
increases the amounts of nitrogen and nitrite 
formed, and decreases the formation of nitrate. 
Addition of ammonium salts markedly increases 
the formation of nitrate and reduces that of 
nitrogen and nitrite ; alkali increases the yield 
of nitrogen at the expense of nitrite (Hersch- 
kowitsch, Z. physikal. Chem. 1909, 65, 93). 
With persulphates the oxidation product is 
mostly nitrogen (Kempf, Ber. 1906, 88, 3972 ; 
Levi and Migliorini, Gazzetta, 1908, 88, ii, 10) : 
with excess of persulphate at room temperature, 
however, over 88% of the ammonia is oxidised 
to nitrate ; 

4SjOJ'+ N Hj+aOH'- N O' +880^'+ BHjO . 

In acid solution in presence of silver sulphate, 
persulphates oxidise ammonium salts nearly 
quantitatively to nitric acid. 

Ammonia undergoes autoxidation on ex- 
posure to air in presence of copper, for example, 
appreciable amounts of nitrate and nitrite being 
formed (Berthelot, Compt. rend. 1863, 56, 1170; 
Loew, J. pr. Chem. 1878, [ii], 18, 298 ; Traube, 

“ Gea. Abhandlungen,” 1899, 393 ; Smith, Proo. 
C.S. 1906, 22, 39). Electrolytic anodic oxidation 
in presence of copper salts as catalysts converts 
ammonia first into nitrite and then into nitrate ; 
with .alkali present, the oxidation to nitrite pro- 
ceeds continuously and is independent of the 
nitrite content of the solution, whilst with 


decreasing alkali, the oxidation to nitrate 
becomes more prominent and in solutions con- 
taining no free alkali it is the sole reaction, all 
the nitrite formed being oxidised (Traube and 
Biltz, Bcr. 1904, 37, 3130; 1906, 39. 166; 
JMiiller and Spitzer, ibid. 1905, 38, 778 ; Frenzel, 
Z. anorg, Chem. 1902, 32, 319; Fichter and 
Kappeler, Z. Elektrochem. 1909, 15, 937 ; 1910, 
16, 610; Chem.-Ztg. 1912, 86, 606). 

Ammonium nitrate is formed by electrolytic 
oxidation of ammonia soluiJon containing 16% 
of ammonium bicarbonate and 0*9% of cupric 
hydroxide in a cell with porcelain diaphragms 
and iron electrodes. With a current density of 
750 amp. per sq. m. and with a constant feed of 
ammonia to the cell a 30% solution of am- 
monium nitrate w^as obtained (Kobozev, Mon- 
blanova, and 8chneerson, J. Chem. Ind. Russ. 
1937, 14, 1307). 

Products of Nitrogen Fixation. 

A brief survey of the products of nitrogen 
fixation will be given (r/. Bougueret, J. Agr. 
prat. 1932, 96, 224 ; Mittasch, Z. angew. Chem. 
1928, 41, 902; Guyer and Schiitzo, Angew. 
Chem. 1933, 46, 763). 

1. Ammonium Salts include: 

(a) Ammoniu?/i Sulphate, which is largely 
made from synthetic, ammonia by the so-called 
“ gypsum process ” (Badische Co., G.P. 300724, 
1916; c/. G.P. 299752, 1916; Wride, Chem. 
Age, 1920, 2, 32; Cottrell, ibid. 1924, 11, 282, 
310, 650; Anon., ibid. 669, 650; Parrish, ibid. 
1930, 24, 23; Chem. Trade J. 1931, 89, 604), 
depending on the interaction of ammonia solu- 
tion, finely powdered anhydrite, and carbon 
dioxide, calcium carl)onate being precipitated : 

2 NH 3 +C 02 +CaS 04 f HgO 

-(NHJgSO.-fCaCOs, 

and removed by rotary filters. The calcium 
carbonate may be dried and mixed with an 
equal weight of ammonium nitrate to form a 
fertiliser called “Nitro- chalk ” containing 16*6% 
of N (J.S.C.I. 1930, 49, 391r). A similar 
Norwegian product (“ Nitramrnonia-chalk ”) 
contains 20*5% of N (Chem. Trade J. 1931, 89, 
250). The carbon-dioxide pressure has no in- 
fluence on the reaction (Dorofeff and Troitskaja, 
Ukrain. Chem. J. 1931, 6, 123). In a modifi- 
cation of the process proposed by Baud (Compt. 
rend. 1927, 185, 1138; Waesor, Brennstoff- 
Chem. 1930, 11, 396; Teletov et al., Ukrain. 
Chem. J. 1932, 7, 141) a mixture of gypsum, 
clay, and ammonia solution is heated at 48-70° 
in a current of carbon dioxide and the residue 
burnt for cement. By supplying continuously 
calcium sulphate and ammonium carbonate to a 
saturated solution of ammonium sulphate, a 
precipitate of calcium carbonate which filters 
easily is formed (Kunstdiinger-Patent-Verwer- 
tungs A.-G., B.P. 355098, 1930). 

Claude (Compt. rend. 1941, 218, 105) modified 
the gypsum process by adding ammonia to the 
solution to precipitate 76% of the ammonium 
sulphate. The calcium carbonate formed is not 
washed but dried, and the product, containing 
ammonium sulphate, used as a fertiliser. 
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(b) Ammonium Chloride is made in tough 
fibrous crystals by the direct union of gaseous 
ammonia and hydrogen chloride containing a 
controlled amount of hydrogen, under such con- 
ditions that the reaction temperature is con- 
siderable (Moore, Polack, and Castnor Kellner 
Co., B.P. 273093, 1926). 

Ammonium chloride is also recovered by 
crystallising the mother-liquor from the bi- 
carbonate filters in the ammonia-soda process 
using synthetic ammonia, and can be used as a 
fertiliser (Z. angew. Chem. 1918, 31, 653; 
Chem. Ind. 1919, 42, 438). 

(c) Ammo7iimn Phosphates and mixtures, e.j/., 
“ Ammophos ” (American), ammonium sulphate 
and (NH4)H2p04; Leimaphos '' (German), 
ammonium sulphate and (NH4)2HP04 (non- 
caking granules: Klugh, Chern. Age, 1932, 26, 
274) ; the Liljenroth process {see p. 5505) may 
lead to expansion of the use of these products. 

(d) Ammo?iium Nitrate, which has a high 
nitrogen (iontent but is ex])losive and 
deliquescent (Symes, (^hem. Met. Eng. 1911, 
26, 1069 ; Krase, Yee, and Braham, ibid. 
1925, 32, 241 ; Kershaw, Ind. Eng. 
Chem. 1926, 18, 4; J.S.C.l. 1930, 49, 804; 
Hercules Powder Co., U.S.P. 1613334, 1927; 
non-deliquescent ammonium nitrate, Callery, 
B.P. 383873, 1932; A. M. Smith, Chem. arid 
Eng. News, 1943, 21, 2100), has bt^en used 
mixed with the sulphate, e.g., Leuna saltpetre, 
2NH4N03,(N 114)2804 (Bowen, J. Physical 
Chem. 1926, 30, 721 ; Osaka and Inouye, Jap. 
J. Chem. 1925, 2, 87), an explo.sion of stocks of 
which at Oppau in 1921 killed 559 persons and 
destroyed 1,036 buildings (Trans. Faraday Soc. 
1924, 20, 46). In the Kuhlrnann works at La 
Madeleine, equivalent quantities of ammonia 
and nitric acid are introduced into a vat (con- 
taining ammonium nitrate solution, which is 
drawn off' as produced through a cooler. The 
liquor is neutralised with ammonia if necessary, 
and evaporated in steam- jacketed aluminium 
tubes, then run to crystallisers which at the same 
time are kneading troughs, the salt solidifying 
to a fine w'hite powder, practically anhydrous 
(Chem. Traded. 1931, 89, 471). Fauser (Industr. 
Chimica, 1932, 7, 1343) sprays nitric acid into 
ammonia gas. The Fauser process of neutra- 
lising uncler pressure is rapidly extending 
(Tamis6, Chim. et Ind. 1933, 29, spec. no. 906 ; 
Pastonesi, Chim. e LTnd. 1936, 16, 511). The 
absorption is carried out under hydrostatic 
pressure to prevent boiling in the reaction zone 
(Falk, Chem. Met. Eng. 1941, 48, No. 2, 121). 


Mixtures of ammonium nitra^ and calcium car- 
bonate are sold under various trade names, such 
as “ Nitrochalky^^ and “ KalkammonaalpeterN 

(e) Aynmonium Carbamate for synthetic urea 
obtained by heating it under pressure ; 

NH4 0 C0NH2^ H20+C0NaH4 

(Fichter and Becker, Ber. 1911, 44, 3473 ; Lewis 
and Burrows, J. Amer. Chem. 8oc. 1912,34, 1515 ; 
Krase and Gaddy, ibid. 1930, 52, 3088; Ind. 
Eng. Chem. 1922, 14, 611; Klemenc, Z. Elek- 
trochem. 1930, 36, 799 ; fJanec^ke and Rahlfs, 
ibid., p. 645 ; numenms patents). 

2 . Nitrates, especially calcium nitrate (dire(4/ 
production from oxides of nitrogen : Goold- 
Adama, Partington, and Rideal, B.P. 129699, 
1917; Schloesing, F.P. 609264, 1925; Briner 
and Lugrin, Helv. Chim. Acta, 1930, 13, 76; 
Atm. Nitrogen Corp., F.P. 747384, 1932; Kali 
Forschungs-Anstalt, G.P. 566831, 1929 — from 
potassium chloride ; L’Azote FrariQaise, G.P. 
558150, 1931). Calcium nitrate is made at the 
Kuhlrnann works at La Madeleine by evaporating 
the solution until it will solidify and give a 
product containing 13% of N, cooling somewhat 
and feeding to the trough of a rotary drum 
cooler, from which the solidified nitrate is 
removed and ground (Chem. Trade J. 1931, 
89, 471 ; cf. Norsk-Hydro, Norw. P. 51527, 
51683, 1932). Nitrophoska'' is a German 
mixture of potassium nitrate and ammonium 
phosphate, practically a complete fertiliser. For 
analysis of nitrates, etc., see E. Berl and G. 
Lunge, “ Chem. -tech. Untersuchungsmethoden,” 
Berlin, 1932, II, i, 571. 581, CIO; Z. angew. 
Chem. 1932, 45, 22. 

3. Cyanamide may be mixed with basic slag, 
potassium salts, superphosphate of lime, etc. 

Statistics. 

The world producstion of fixed nitrogen, in 
thousands of metric tons, by various processes, 
is given below (from “ British Sulphate of Am- 
monia Federation, Ltd., Annual Report,” 
1937-38). The “ other forms of nitrogen ” in- 
clude nitrogen products used for industrial pur- 
poses (except Chile nitrate) and ammonia in 
mixed fertilisers. Fertilisers are included under 
the final form as sold, so that cyanamide, for 
example, if converted into ammonium sulphate 
is included under “ Synthetic (NH4)2S04,” and 
if converted into “ Ammophos ” under “ Other 
forms of N.” By-product ammonium sulphate 
and Chile nitrate are included for comparison. 
The year ending June 30 is used. 



1928-29 

1929-30 

1930-31 

1931-32 

1932-33 

1933-34 

1934-35 

1935-36 

1936-37 

1937-38 

Synthetic (NH 4 ) 2 S 04 . 
By-product (NH 4 ) 2 S 04 

485 

442 

349 

522 

560 

535 

533 

630 

688 

765 

376 

425 

360 

302 

258 

307 

321 

376 

429 

411 

Cyanamide 

192 

264 

201 

134 

168 

195 

232 

269 

291 

305 

Ca(NOj)2 .... 
Other forms of N ; 

136 

131 

110 

79 

118 

107 

153 

156 

179 

196 

Synthetic 

383 

427 

303 

348 

462 

616 

607 

724 

861 

931 

By-product . 

51 

51 

31 

30 

40 

48 

45 

46 

53 

49 

Chile nitrate . . 

490 

464 

250 

170 

71 

84 

179 

192 

206 

224 

Total .... 

2,113 

2,204 

1,694 

1,585 

1,677 

1,792 

2,070 

2,393 

2,697 

2,880 


J. R. P. 
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NITROGEN FIXATION, BIOLOGI- 
CAL. A very considc^rable literature has now 
accumulated on the subject of biological nitrogen 
fixation and much of this has been admirably 
summarised by Perry Wilson, “ Biochemistry of 
Symbiotic Nitrogen Fixation,” 1940, University 
of Wi8(‘on8in Press, Madison, U.S.A. The 
reader is referred to this book for details and 
references which it will not be possible to men- 
tion in the following brief article. 

Two major moans of biologic^al nitrogen-fixa- 
tion are recognised to-da 3 ^ the first by the root- 
nodule bacteria living in symbiosis with certain 
leguminous plants, the second by special classes 
of bacteria living in the soil independently of the 
plant. 

Historical . — The importance of leguminous 
crops for soil- building purposes was well known 
to Greek and Roman farmers. Columella, in a 
book written in the first century a.d., gave 
detailed instructions for the cultivatirm of such 
legumes as alfalfa, vetches, peas, beans, lupins, 
and lentils and advocated principles of green 
manuring well rec'ognisod and extensively 
adopted to-day. lie advised, for example, the 
ploughing in of lupins as a manure when the 
plants were young and that residues should be 
ploughed in when fodder was taken. Pro- 
cedures such as these were, of course, quite 
empirical and no reasons of any scientific; merit 
were advanced to explain their importance. 

During the seventeenth century the seeding 
of leguminous crops, especially clover and trefoil, 
as a means of improving the soil, was encouraged 
in English agriculture. At the same time mixed 
cropping {e.g.^ clover and rye grass) was ad- 
vocated for iraprovemcmt of soil tilth and pro- 
duction of a good herbage. 

Boussingault in 1837 carried out the first 
quantitative field and laboratory experiments, 
making it clear that fixation of atmospheric 
nitrogen took place during the development of 
legumes such as clover, peas, and lucerne, 
whereas no such fixation occurred during the 
growth of such crops as wlieat or oats. 

Liebig (1843, 1852) was opposed to the view 
that free nitrogen of the atmosphere was as- 
similated by the plant. He considered that the 
beneficial effects of the legumes wore due to 
their large leaf surfaces and consequently 
greater areas for absorption of atmospheric 
ammonia. Ho criticised Boussingault’s results 
on the basis of faulty estimations of nitrogen in 
the manures. 

Ville (1855), however, showed that atmo- 
spheric ammonia was insufficient to account for 
the observed increases of fixed nitrogen in the 
development of legumes, and made experiments 
in which plants were grown on ignited sands in 
an atmosphere which had been washed free of 
ammonia. He showed that all species of plants 
— cereals as well as legumes — made excellent 
growths with large increases of fixed nitrogen. 
He did not press his claim, however, that non- 
leguminous plants could derive their nitrogen 
from the air. 

The subject remained in a confused state until 
after, the work of Lawes, Gilbert, and Pugh at 
the Rothamsted Experimental Station. In 
1851 they began experiments to explain the 
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results of field trials which had extended over 
16 years. These had shown that plots cropped 
to non-loguracs without addition of manures 
declined to a low yield, whereas plots cropped 
to legumes maintained a high yield even without 
manurial treatments. Moreover, if a non-legume 
followed a legume in a rotation, the yield was as 
high as if the field had been previously in fallow 
for a year, in spite of the largo quantity of 
nitrogen removed in the preceding leguminous 
crop. Lkd)ig’s explanation of absorption of 
atmospheri(; ammonia was shown to be un- 
tenable, partly because of the inadequate 
(piantities involved, and partly be(;ause of the 
difference in behaviour between legumes and 
non-legumes. The logi(;al dedu(‘tion appeared 
to be that legume develo})ment in the field was 
accompanied by fixat ion of atmospheric nitrogen. 
Fareful pot experiments, however, by Lawes et 
at. (]8()1) gave rise to the conclusion that no 
fixation of molecular nitrogen took place during 
the devtdopment either of legumes or cereals and 
as a result it was accepted for the following 
25 years that plants could not fix atmospheric 
nitn)gen. I’hc clear-(;ut results of the Rothara- 
.sted field experiments still remained un- 
explained. 

The classical work of Hellricgt;! and Willfarth 
in 1860 eventually cleared up the situation. 
Th(‘v showed that certain bacteria in the soil 
infected the legumes, forming nodules which 
enabled the plants to use atmospheric nitrogen ; 
these ba(;t(;ria had no infective power on cereals. 
Legumes grown in sterile sand in the presence of 
combined nitrogen (nitrate) grew well, with no 
fixation of atmospheric nitrogen. Those grown 
in a sterile sand and in the presence of an extract 
of rich garden soil deweloped nodules and fixed 
atmospheric nitrogen. Cereals were dependent 
entirely on a sourc(^ of combined nitrogen for 
their development. 

Thus it became apparent that biological nitro- 
gen fixation as observed in the plant is partly, 
if not wliolly, a bacteriological phenomenon. 
The organisms responsible were known as root- 
nodule bacteria or Hhizobiurn. They were first 
isolated in pure culture by Beijerinck. 

Nitrogen Fixation by Rhizobium. 

Little is known as yet of the mechanism of 
nitrogen fixation by the root nodule bacteria in 
a.s8ociation with the plant. Whereas early 
experiments (e.g., Golding, J. Agric. Sci. 1905, 
1 , 59) indicated that the Bhizobia are able to 
fix atmospheric nitrogen in the absence of the 
plant, this view is now discredited (Allison, J. 
Agric. Res. 1929, 39, 893; Hopkins, Soil Sci. 
1929, 28 , 433; Lohnis, ibid. 1930, 29 , 37). 
Wilson, Hopkins, and Fred (Arch. Mikrobiol. 
1932, 3, 322) repeated Golding’s work and could 
find no evidence that Bhizobia fix nitrogen 
independently of the plant. Vemer and Kovalev 
(Corapt. rend. Acad. Sci. U.R.S.S. 1936, 4 , 325) 
concluded that the addition of an extract pre- 
pared from yeast, pea, or carrot to a nitrogen- 
free medium will enable Bhizobia to fix atmo- 
spheric nitrogen. Wilson (Ergebn. Enzym- 
forsch. 1939, 8 , 13), however, failed to confirm 
this result. A variety of substances, having 
stimulating effects upon cell development, also 
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fail to induce nitrogen fixation by Bhizohia 
when cultured in absence of the plant. Inter- 
pretation of results were complicated by the fact 
that Bhizobia develop very readily in a medium 
containing most minute quantities of combined 
nitrogen, present possibly as an impurity. Much 
of the growth consists of a gum formed by the 
organism from the carbohydrate constituents of 
the medium and there is no evidence that tlie 
growth contains more nitrogen than was 
originally present, even as impurity, in the 
medium. Winogradsky (Ann. Inst. Pasteur, 
1936, 56, 222) has made careful experiments in 
which Bhizohia were grown on silica gel plates 
containing glucose and mineral salts. Increases 
in nitrogen from 3/xg. to 63pg. per plate were 
noted. On the other hand, the addition of 
combined nitrogen to plates led sometimes to 
losses of nitrogen, sometimes to gains. 

The evidence indicates that if Bhizohia can 
fix atmospheric nitrogen on laboratory media 
and in absence of th(^ plant, the experimental 
conditions for clearly demonstrating this have 
not yet been secured. 

8ince there is equally little evidence that the 
host plant, in absence oi Bhizohia^ can fix atmo- 
spheric nitrogen {see Wilson, /.c.), it follows 
that some chemical interchange between the 
bacteria and the plant must take place in vivo 
which is largely responsible for the nitrogen 
fixation. Either this is true, or there is some 
further biological factor (perhaps another soil 
organism) liitherto neglected which causes the 
association of Bhizohia and plant to take up 
atmospheric nitrogen. The latter alternative, 
however, even if true, makes for no simplifi- 
cation of the chemical problem which aims at 
establishing the mechanism whereby molecular 
nitrogen is brought into combination in the 
living cell. Wilson, Hopkins, and Fred (Soil 
Sci. 1931, 32, 251) have made it clear that red 
clover plants can fix nitrogen in the absence of 
all micro-organisms except Bh. trifoLii. Virtanen, 
Hausen, and Laino (J. Agric. Sci. 1937, 27, 332) 
have also shown that a pea plant can take up 
atmospheric nitrogen in the absence of all 
organisms except AA. leguminosarum. 

The excised nodules do not, themselves, fix 
atmospheric nitrogen (Beijerinck, Verzamlde 
Gescrifton, 1922, 5, 264 ; Wilson, Hopkins, and 
Fred, Arch. Mikrobiol. 1932, 8, 322 ; Galestin, 
Chem. Weekblad., 1933, 30, 207; Allison, 
Ludwig, Hoover, and Minor, Nature, 1939, 144, 
711). Virtanen and Laine have claimed that 
the addition of neutralised oxalacetic acid to 
excised Torsdag pea-nodules causes fixation of 
nitrogen, but this claim could not be sub- 
stantiated by Wilson (Z.c.). 

The chemical nature of the association between 
nodule bacteria and the host plant, which results 
in nitrogen fixation, is as yet unknown. Much, 
however, is now known of the biological aspects 
of the association between the Bhiz^ia and host 
plant. A lengthy discussion of these is not 
relevant to the scope of this article. Details 
are to be found in Perry Wilson’s book {op. cit.) 
and may be summarised as follows : 

1. When the seed of a legume germinates in a 
soil containing Bhizohia the latter are attracted 
f:o the region of the developing root hairs. The 


result of the presence of the Bhizohia in the near 
neighbourhood of the root hairs is to produce a 
deformation or “ curling ” of the hairs. Such 
curling is induced by a specific chemical sub- 
stance, since bacterial extracts, in absence of 
the Bhizohia, are as effective as the bacteria 
themselves. This response is biologically non- 
specific. Extracts of a variety of bacteria, other 
than the Bhizohia, will induce this curling. At 
the site of the deformation of the root hair, 
Bhizohia invade the root tissue and grow inside 
the root hair in a thread towards the cells of the 
root. The bacteria in this migration are em- 
bedded in a gum and an infection thread is 
formed while a sheath is laid down by the host 
cells around the embedded bacteria. The 
presence of the latter induces polyploidy in the 
neighbouring plant cells. Cell division is 
stimulated and the newly formed tissues are in- 
vaded by more bacteria {see E. B. Fred, I. L. 
Baldwin, and E. McCoy, “ Root Nodule Bacteria 
and Leguminous Plants,” Hniv. of Wisconsin, 
Madison, 1932). A nodule is formed in this 
manner. It consists of a cap of uninfected 
cortical tissue cells, behind which is a region 
of uninfected rapidly growing cells and behind 
this are the larger infected cells filled with 
Bhizohia. Thimann considers that the Bhizohia 
produce in the root hair a specific substance, 
probably indolo-3-acetic acid, which is respons- 
ible for the local stimulation of the host cells 
(Thimann, Proc. Nat. Acad. Sci. 1936, 22, 
511 ; Trans. Third Comm. Intern. Soil Sci. 1939, 
A, 24). Both the bacteria and the host cells 
fail to profilcratc as the nodule ages and finaUy 
the tissue becomes necrotic. The nodule 
becomes soft, its interior is digested and it 
finally sloughs off, the Bhizohia returning to the 
soil. 

2. Strains of Bhizohia differ widely in their 
I abilities to cause nitrogen fixation in the plant, 
j though nodules may be readily produced by all. 

I Nodules from inefficient strains {i.e. inefficient 
I in benefiting the host plant by nitrogen fixation) 
are small, round, and white, and scattered over 
the entire root system. Nodules from efficient 
strains are fairly largo, relatively few in number, 
pink in colour, elongated and situated near the 
main roots. The cause of the differences in 
efficiency in nitrogen fixation between the 
various strains is not yet known. Thornton 
{ibid. 1939, A, 20) considers the difference to be 
purely quantitative, an efficient strain being 
one the nodule of which persists intact for a 
much longer period than that of an inefficient 
one. Both strains may be equally effective in 
fixing nitrogen during the period of healthy 
integrity of their nodules. 

3. A host-plant specificity exists, whereby a 
strain of Bhizohia is more effective in causing 
nitrogen fixation in one host plant than in 
another. 

4. The presence of combined nitrogen (e.g., 
nitrates or ammonium salts) in the soil in which 
the host plant is growing apparently makes the 
plant resistant to attack by the Bhizohia. It 
had long been known that nitrates impede the 
development of nodules on legumes (Rautenberg 
and Kuhn, 1864). Fewer root hairs are 
deformed and fewer nodules are formed (see 
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Thornton and Nicol, J. Agric. Sci. 1936, 26, 173 ; 
Thornton, Proc. Roy. Soc. 1936, B, 119, 474). 
The net result is that when excess combined 
nitrogen is available to a plant little or no 
fixation of atmospheric nitrogen takes place. 
The presen(?e of carbohydrate diminishes the 
inhibitory effect of combined nitrogen. It is 
evident that the ratio of carbohydrate to com- 
bined nitrogen affects the rates of nodule 
development and nitrogen fixation. The mechan- 
ism whereby the carbohydrate-nitrogen relation- 
ship in the legume aff ects the fixation of nitrogen 
is still unknown. 

It has been shewn from experiments with 
artificial media that the proliferation of JRhizohia 
depends on the presence of vitamin- and of 
biotin. 

Non-symbiotic Nitrogen Fixation. 

Winogradsky (Coinpt. rend. 1893, 116. 1385; 
1894, 118, 353) found that the inoculation of soil 
into a nitrogen-free medium containing glucose 
gives rise to a fixation of atmospheric nitrogen. 
He isolated the responsible organism {Clostridivm 
paatorianum) which was found to be an 
aneerobe. This organism develops anaerobically 
in a glucose medium assimilating molecular 
nitrogen, the amount of nitrogen fixed being 
proportional to the glucose broken down. The 
fixation of nitrogen, however, is inhibited by 
the presence of ammonium salts. This in- 
hibition is counteracted bj'' an increase in the 
glucose concentration. Thus a carbohydrate 
combined -nitrogen balance determines the rate 
of fixation of nitrogen, as was shown 40 years j 
later to be the case also for lihizohia growing 
symbiotically with the host plant. Wino- 
gradsky suggested that the fixation is due to a 
combination of nitrogen with the hydrogen 
produced during the glucose fermentation. 
Clostridium pastorianum loses its power of 
nitrogen fixation during prolonged cultivation 
on laboratory media, but the power is restored 
by culture of the organism once again in soil 
(Bredemann, Zentr. Bakt. 1909, II, 23, 385). 

Beijerinck {ibid. 1901, II, 7 , 561) isolated from 
soil and mud two organisms, one a motile form, 
which induces nitrogen fixation in a nitrogen- 
free medium. These organisms are airobes and 
are known as Azotobacter chroococcum (the more 
common form) and as Azotobacter agiks (the 
motile variety). These organisms grow w^ell 
under scrobic conditions on nitrogen-free agar 
media containing glucose, mannitol or a pro- 
pionate. Unlike Clostridium, Azotobacter do 
not lose their power of fixing nitrogen on pro- 
longed culture on synthetic laboratory media. 

There is evidence that nitrogen fixation takes 
place in organisms of the Amylobacter type, 
possibly related to Clostridium (Bredemann, 

I.C.), and to a small extent in (certain moulds 
(Stahl, Jahrb. wiss. Bot. 1911, 49, 36) and in a 
few yeasts (Lipman, J. Biol. Chem. 1911, 10, 
169). The blue-green alga Nostoc (Allison and 
Hoover, Trans. Third Int. Cong. Soil. Sci. 1935, 
1, 146 ; AUison, Hoover, and Morris, Bot. Gaz. 
1937, 433) has a high nitrogen-fixing power, 

which is dependent to some extent on the carbo- 
hydrate supply. 

Asfohbwier and Olpstridium are apparently 
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the most widely distributed non-symbiotic 
nitrogen fixers in sod and they are found also 
in salt and fresh water, often in association with 
algae. Azotobacter is not prevalent in acid soils 
such as peat. Its growth in artificial laboratory 
media may be greatly stimulated by the pr^ence 
of fix 10~®% of sodium molybdate (\0j3fe^iol. 
Arch. Mikrobiol. 1935, 6, 215). 

Nitrogen Fixation by Azotobacter. 

Kostytschew and his colleagues (Compt. rend. 
1925, 180, 2070; Z. physiol. Chem. 1926, 154, 
1) concluded that' the first step in fixation of 
nitrogen by Azofobacier cultures is formation of 
ammonia. Winogradsky (Compt. rend. 1930, 
190, 061) found that Azotobacter give rise to 
ammonia wlien they are grown on a silica gel 
containing a lactate or succinate as a carbon 
Kouree. The conclusion that the ammonia is 
the first step in nitrogen fixation was opposed 
by Burk and Homer (Soil Sci. 1936, 41, 81) who 
decided that the ammonia arises secondarily by 
oxidative tleaminaiion of coll material. Wino- 
gradsky (Zentr. Bakt. J 938, 1 1, 97, 399) pointed 
out that pure cultures of Azotobacter cannot 
break down organic material to ammonia and 
hence the appearance of ammonia in the pure 
cultures of this organism indicates a direct 
reduction of molecular nitrogen. Horner and 
Burk (Third Comm. Intern. Soc. Soil Sci. Trans. 
1939, A, 168), howxn^er, still maintain that the 
nitrogen excretion of pure Azotobacter cultures 
is largely independent of the form of the nitrogen 
supply (free or combined). 

A manometries technique devised by Burk and 
his colleagues has made it possible to study 
nitrogen fixation by Azotobacter in a more 
quantitative and reliable manner than has 
previously boon possible (see Burk, J. Physical 
Chem. 1930, 84, 1174, 1180; Ergebn. Enzym- 
forsch. 1934, 3, 23). Using this Unlmique 
it was shown that : 

1. The respiration of Azotobacter, which is 
extremely high, is greatest at pressures of oxygen 
below that in air (Meyerhof and Burk, Z. 
physikal Chem. 1928, 189, 139 ; Lineweaver, 
J. Biol. Chem. 1932, 99, 575). The maximum 
nitrogen fixation does not occur at the maximum 
rate of respiration, but at 4-5% oxygen. The 
efficiency of fixation (ratio of molecules of 
nitrogen fixed to molecades of oxygen used) 
increases with decreasing pressure of oxygen. 

2. The rate of nitrogen fixation (in the 
presence of 0*2 atm. Og) attains a maximum at 
0’5 to 1 atm. ; between 0 05 and 0-5 atm. nitrogen 
the rate of fixation is roughly proportional to its 
pressure. The proportionality falls as the 
nitrogen pressure increases. 

3. As with Clostridium, the presence of 
utilisable combined nitrogen diminishes the rate 
of free nitrogen fixation. Inhibition of fixation 
by Azotobacter is complete in the presence of 
ammonia nitrogen at a concentration of 0*6 mg. 
Nj/lOO c.c. A similar result is obtained with 
nitrate. 

4. Growth, both in free and combined nitro- 
gen, is optimal at pH 7*6-7*8, that in the 
former being more sensitive to a drop in pH 
(Burk, Lineweaver, and Horner, J. Bact. 1934, 
27 , 326). 
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6. Calcium is essential for the fixation, maxi- 
mum fixation being obtained at 2x10“* m. 
Calcium may be replaced by strontium (Burk 
and Lineweaver, Arch. Mikrobiol. 1931, 2, 166). 
Substances (e.gr., fluoride or oxalate) which im- 
raobijise the calcium, inhibit the nitrogen 
fixat^Mlili., 

6. The presence of molybdenum has a highly 
beneficial effect on Azotobacter growth in free 
nitrogen (first observed by Bortels, Arch. 
Mikrobiol. 1930, 1, 333). A positive effect of 
molybdenum on the growth of the organism can 
be observed at a concentration of 1-3 parts in 
10^2. Vanadium can replace molybdenum but 
is less effective. 

7. Humus of soil has a beneficial effect on 
Azotobacter growth, the action being due, sup- 
posedly, to the presence of iron (Rosing, Zentr. 
Bakt. 1912, II, 33, G18 ; Burk, Lineweaver, and 
Horner, Soil Sci. 1932, 33, 413). It is possible 
that molybdenum is the responsible factor in 
humus so far as the effect on nitrogen fixation is 
concerned. 

Burk and his colleagues ha ve postulated that 
the following enzyme mechanism is responsible 
for nitrogen fixation in Azotobacter : 

Ng-f E ^ NgE (rapid) 

NaE-^ E+P (filow) 

E refers to a specific enzyme, nitrogenase, which 
combines reversibly with the nitrogen molecule 
to form the enzyme-substrate complex NgE. 
This breaks down irreversibly into E and the 
products P, which corresponds to an increase 
in Azotobacter cells. The total system re- 
sponsible for fixation has been termed azotase. 
{Cf. Burk and Homer, Proc. Third Intern. 
Cong. Microb. 1939, p. 489; Starkey, ibid., 
p. 142). 

Physico-Chemical Properties of the 
Symbiotic Nitrocbn Fixing System. 

Work by Wilson and his colleagues (J. Amer. 
Chem. Soc. 1936, 58 , 1256 ; Ergcbn. Enzym- 
forsch. 1939, 8, 13) has given the following 
results : 

1 . The fixation of free nitrogen by inoculated 
red clover plants is independent of the partial 
pressure of nitrogen above 0- 10-0- 16 atm. 

2. The fixation of free nitrogen by inoculated 
clover plants is inhibited by molecular hydrogen. 
This is not the case with Azotobacter. The in- 
hibition appears to be of the competitive type, 
indicating the possibility that free nitrogen and 
hydrogen compete for a common catal 3 rtic 
system. 

3. If the pressure of oxygen is greater than 
01 atm. and less than 0-4 atm. assimilation of 
nitrogen (free or combined) is unaffected by the 
oxygen tension. If the pressure of oxygen is 
increased above 0-4 atm., a decrease takes place 
in the rate of assimilation of nitrogen, free or 
combined (Wilson and Fred, Proc. Nat. Acad. 
Sci. 1937, 23 , 503). The evidence suggests that 
oxygen plays only an indirect part in controlling 
the mechanism of nitrogen fixation in the nodule. 
Work of Mothes and Pietz (Naturwiss. 1937, 25 , 
201) suggests the presence of an oxidation pro- 
duct of dihydrox 3 ^henylalanine in the nodule 


controlling the oxidation potential, and that the 
pressure of oxygen, by influencing the rate of 
formation of this product, may alter the potential 
and thereby the velocity of nitrogen fixation. 

4. Carbon monoxide greatly inhibits sym- 
biotic nitrogen fixation. This ceases in red 
clover when the carbon monoxide concentration 
in the atmosphere reaches 01%. 

Work of Virtanen (Biochem. Z. 1928, 193, 300) 
shows that uptake of nitrogen (free or combined) 
by legumes decreases with increase in acidity. 
A pH of 5-0 or less inhibits fixation of molecular 
nitrogen. This may be duo not only to the 
increased hydrogen ion concentration but to the 
decreased absorption of minerals which takes 
place at a low pll. 

The presence of calcium is important for the 
development of the legume, but there is no 
evidence that it is specifically involved in the 
nitrogen fixing process (Albrecht, Proc. Soil. 
Sci. Soc. 1937, 2, 315). 

Konishi and Tsuga (Mem. Col. Agric. Kyoto, 

1936, 20 , Chem. Ser. Ko. 37) have suggested that 
titanium may be invoh^ed in symbiotic nitrogen 
fixation. A similar suggestion has been made 
for molybdenum (Bortels, Arch. Mikrobiol. 1937, 
8 , 13; Bertrand, Compt. rend. 1939, 208 , 2024) 
but the evidence is not conclusive. 

Hydroxyj.amine as a Possible Intermediate 
in Nitrogen Fixation. 

As stated earlier, the evidence that ammonia 
is the first prodiu^t formed in the assimilation of 
free nitrogen is not y(^t convincing, and an 
alternative view that hydroxy lamine is among 
the first intermediates has received more 
favourable support. This has come from the 
work of Virtanen, Hausen, and Laine on the 
cxtTction of nitrogenous substances by legumes. 
The experimental evidence of Virtanen and Laine 
(J. Agric. Sci. 1937, 27 , 332 ; Enzymologia, 

1937, 3, 266; Nature, 1938, 141 , 748; 142 , 
165; Biochem. J. 1939, 33, 412) led them to 
suggest the following scheme as representing the 
mechanism of symbiotic nitrogen-fixation : 

Nitrogen Hydroxylamlno 

Oxinve -> /-Aspartic acid 

t 

Carbohydrate -> Oxal acetic acid 

The following relevant data were noted ; 

1. Cultures of legumes in sterile sand but con- 
taining the proper species of Bhizobia excrete 
soluble nitrogenous products apparently only 
from the nodules, Lc., where fixation of nitrogen 
takes place. The excreted nitrogen consists 
almost entirely of /-aspartic acid and j5-alanine, 
the latter probably arising from the former by 
decarboxylation. No ammonia is found. 

2. In addition to the two amino acids, 1-2% 
of the excreted nitrogen consists of an oxime, 
identified as the oxime of oxalaoetic acid, 
H02CC(:N0H)CH2C02H. 

3. Free oxalacetate is to be found in pea 
plants actively fixing nitrogen. 

4. Excised nodules, intact or crushed, are able 
to fix atmospheric nitrogen in the presence of 
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oxalacetate, but cannot do so in its absence, nor 
when it is replaced by glucose. 

So far as excredon of soluble nitrogenous com- 
pounds by legumes is concerned it had already 
been noted by Lipmann (New .Jersey Agric. 
Exp. Sta. Bull, 1912, 253) that non-legumes 
benefit from association with a legume and it 
was suggested that this benefit arises from the 
nitrogenous compounds excTeted by the legumes. 

There have been failures to confirm these 
phenomena and the reader is referred to 
Perry Wilson {op. cit.) for details and references. 
It seems that repetition of the work of Virtanen 
and Laine is required on plants grown under 
different climatic conditions before their con- 
clusions can be fully accepted. Many com- 
plicating factors (temperature, light, shade, etc.) 
influence the nitrogen excretion of legumes, and 
Wilson points out that the relation between the 
rates of photosynthesis and nitrogen fixation 
may be a controlling factor. 

It has been reported (Endres, Virtanen, and 
Laine) that small quantities of aspartic acid and 
traces of oxalacetic oxime are to be found in 
Azotobacier cultures but doubt has been thrown 
by Horner and Burk (Third (’omm. Intern. 80c. 
Soil Sci. 1939, A, 108) on the significance of 
those r(*sults. 

Function ok the Red Pigment of 
Nodules, 

A red pigment in the root nodules of a legume 
( Vida faba) was first investigated by Pietz 
(Zentr. Bakt. 1938, II, 99, 1), who thought it 
was identic'al with the red inhuunediate product 
appearing in the enzymic oxidation of tyrosine, 
and that its function was to poise the oxido- 
reduction potential of the nodule at a level 
favourable for proliferation of lihizobia in thc 
nodule. Kubo later (Acta Phytochim. 1939, 11, 
195) concluded that the red pigment of the 
nodules is a hamioprotein analogous to luemo- 
globin and that it acts as an oxygen store ami 
carrier. Burris and Haas (d. Biol. (hem. 1944, 
155, 227) agreed with Kubo that the j)igmcnt is 
a hamiin compound but, contrary to Kubo, did 
not consider it analogous to haemoglobin. Keilin 
and Wang (Nature, 1945, 165, 227) found that 
the pigment of root nodules of the soya bean is 
a haunoglobin the absorption spectrum of whi(h 
shows two distinct bands with the maxima at 
about 574 mp. (a) and 540 mp. (/S), the a- band 
being narrower and lower than the jS-band. The 
root-nodule haunoglobin represents the first (‘ase 
of the occurrence of this pigment in plants. 
Neither the plant cells alone nor the lihizobia 
grown separately synthesise haundglobin ; ap- 
parently the Rhizobia supplies a factor to the 
plant necessary for synthesis of hsemoglobin in 
the nodule. The pigment is present in nodules 
of all legumes so far investigated, and appears 
to be associated in some way with symbiotic 
nitrogen-fixation. Carbon monoxide inhibits 
symbiotic nitrogen-fixation at the low pressure 
at which it reacts with haemoglobin. Virtanen 
{ibid, 1945, 165, 747) has given evidence that 
the red pigment of nodules, a haemoglobin as 
indicated by Kubo, is involved in symbiotic 
nitrogen-fixation, and states that one reason for 
the inability of free living Rhizobia to fix atmo- 


spheric nitrogen lies in their lack of haemoglobin. 
He assumes that the reason that an ineffective 
strain of Rhizobia cannot fix nitrogen is the 
presence of a slimy layer around the bacteria 
which prevents uptake of oxygen and inhibits 
the formation of ha?moglobin. Virtanen and 
Laine {ibid. 1940, 157, 25) have found that 
rncthacmoglobin also exists in root nodules, and 
that a green pigment may be produ(?ed by long 
standing of the nodules in the dark. The green 
pigment apj>ears to be due to a breakdown of the 
porphyrin of haemoglobin. Nitrogen fixation 
ceases when the nodules become green. Accord- 
ing to Virtanen and Laine (/.c.) the equihbrium 
between haemoglobin and mcthicmoglobin de- 
])ends upon the presence of oxalacetic acid 
in the plant. Methaemoglobin is reduced to 
Inemoglobin by the action of oxalacetic acid. 
They have made the following hypothesis 
relating nitrogen fixation to valency changes in 
the haemoglobin, with the proviso that the 
hydroxylamine need not appear directly from 
the molecular nitrogen but possibly after a 
number of intermediate stages : 

N2H luethtcmoglobin (FelH) 

NH2OH I ha'iuoglobin (Fell) ; 
NH.OH + COOH CO CH2 COOH -> 

COOH C(NOH) CH2 COOH I H2O : 

COOH C(NOH) CH2 COOH > 

It eduction 

COOH CHNH2 CH2 COOH. 

Letche (Z. physiol. Chem. 1912, 80, 412) had 
already noted that hydroxylamine reacts with 
oxyhaunoglobin to form hamioglobinand nitrogen. 

The position at present concerning symbiotic 
nitrogen -fixation appears to be that Virtanen’s 
hydroxylamine hypothesis has the greatest 
weight of experimental evidence in its favour, 
but that much more work is required for the 
establishment of the details of the chemical 
mechanisms involved. 

.1. H. Q. 

NITROGLYCERIN {v. Vol. IV, 491d). 

NITROGLYCOL {v. Vol. IV, 489fZ). 

^^NITROLIM'^ (c. Vol. II, 219c; V, 65d ; this 
Vol., p. 5535). 

NITRON, C20HJ0N4, mol. wt. 31215. 


PhN 



4 PhN 



/ Xll 

: HC 


NPh 


NPh 

11 . 


1 : 4-diphenyl- 3 : 5 -e ndosm ihn od i hy drotriazole ( 1 ) 
discovered by Busch (Ber. 1905, 88, 856) may 
also be formulated with the betaine structure (II) 
discussed by Schonberg (J.C.S. 1938, 824). 
Nitron crystallises in pale yellow needles from 
organic solvents and has m.p. 189^^. It forms 
many sparingly soluble salts of which the nitrate, 
picrate, and perchlorate are among the least 
soluble and have been used for the gravimetric 
estimation of these acids. The reagent may be 
prepared as follows : diphenylthiourea (20 g.) 
is refluxed with 0*6 1. dry benzene and dry mer- 
curic or lead oxide added in small portions so 
long as a black precipitate is formed ; the hot 
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solution is then filtered, 10 g. phenylhydrazine 
added and the solution concentrated to 60 c.c. 
On cooling, if necessary with addition of some 
light petroleum, triphenylaminoguanidine (III) 
crystallises out. In the original method (Busch, 
J.S.C.I. 1906, 24, 289) this substance was heated 
for 2 hours in a sealed tube at 175° with twice 
its weight of 90% formic acid (Vol. VI, 160a), 
the product dissolved in water, the nitron preci> 
pitated by ammonia and extracted with chloro- 
form. A method which avoids heating in a 
sealed tube has been described (Busch and 
Mehrtens, Bor. 1905, 38, 4055 ; Desvergnes, Mon. 
Sci. 1923, [v], 13, 208; Merck, G.P. 161235). 
Triphenylaminoguanidine, 100 g., is boiled 
under reflux for ^ hour with 250 c.c. of alcohol 
and 100 c.c. of 40% formaldehyde. The product, 
l:4-diphenyl-3-anilidodihydrotriazole (IV), is 
oxidised in acetic acid solution, preferably by 
addition of aqueous sodium nitrite ; nitron 
nitrite and nitrate crystallise out and arc 
worked up for nitron as described in the first 
method. 

PhNH. 

>C:NNHPh 

PhNH/ 

III. 

PhN N 


HjjCv, ^CNHPh 
^N'Ph 
IV. 

Nitron Reagent. — Thesanu' solution is used 
for qualitative and for quantitative analysis ; it 
is prepared by dissolving 10 g. nitron in 100 c.c. 
of 5% acetic acid. This is sufiicient for 8-10 
determinations. Small quantities of the reagent 
may be kept for a short time in dark glass bottles 
(Pooth, Z. anal. Chein. 1909, 48, 375). 

Detection of Nitrates. — Five c.c. of the 
solution under examination are mixed with one 
drop of dilute sulphuric acid and 5-6 drops of 
nitron reagent {v. supra). If a nitrate is present 
(1:33,000) a precipitate is formed in 5 hours 
(Busch and Mehrtens, l.c.), or, if the quantity be 
very small, fine needles separate ; 1:60,000 may 
be detected in 2 hours at room temperature or 
1:80,000 at 0° (Busch, Ber. 1905, 38, 861). A 
precipitate is not characteristic since it is given 
by the following acids at limits of concentration 
stated, where known, in parentheses : chloric 
(1:4,000), chromic (1:6,000), forricyanic, ferro- 
cyanic, hydriodic (1:20,000), hydrobromic (1:800), 
nitrous (1:4,000) oxalic, perchloric (1:60,000), 
picric (1:260,000), salicylic, thiocyanic (1:60,000), 
thiosulphuric, tungstic. Interfering acid radicals 
must be removed before making the test ; e.g., 
treatment with chlorine has been used to remove 
HBr, iodate was found suitable for removing 
H I, nitrous and chromic acids were decomposed 
by reaction with solid hydrazine sulphate. There 
is a conflict of opinion regarding the effect of 
citric acid (Hes, Z. anal. Chem. 1909, 48, 81 ; 
F. Emich, Mikrochemisches Ptaktikum,*’ 2te 
Aufl. 1931, 100; P. von Stein, “Organic Re- 
agents in Inorganic Analysis,” 1942, p. 142). 


Determination of Nitrates (Vol. II, 
698c). — It is an advantage of the process that 
nitron nitrate contains only 16*79% HNOj for 
there is usually a loss of 1-2 mg. on washing the 
precipitate. Satisfactory results are neverthe- 
less obtained in the Busch method (Busch, l.c., 
p. 861 ; Z. anal. Chem. 1909, 48, 368) and in im- 
provements of the original procedure Heck, 
Hunt, and Mellon (Analyst, 1934, 59, 18) found 
no adsorption of reagents in the precipitate such 
as would contribute to a balancing of errors. 
These authors adopted Gutbier’s method (Z. 
angew. Chem. 1905, 18, 494) as follows : the 
solution containing about 0*12 g. nitrate in 80- 
100 c.c. is acidified with 10-16 drops of sul- 
phuric acid diluted 2:3, heated nearly to boiling 
and 10-12 c.c. nitron reagent (v. supra) added. 
After cooling to room temperature the beaker is 
placed in ice-water for 1-1 J hours, the precipi- 
tate is then transferred to a filter-crucible, small 
portions of the filtrate being used to transfer the 
last traces of the precipitate which is then 
washed with not more than 12 c.c. iced water in 
portions of 2-3 c.c. The precipitate is dried at 
105-110°, usually for 45 minutes, and weighed 
as C 2 oHigN 4 ,HN 03 . Factors: to HNOj, 
0*1679; to NOg, 0*1653; to N, 0*0373. 
Winkler {ibid. 1921, 34, 46) acidifies the solution 
with 1 c.c. glacial acetic acid, allows the liquid 
and precipitate to stand for 24 hours in the dark 
at 16-20°, and washes the precipitate with 60 c.c. 
cold saturated solution of nitron nitrate. The 
final washing is 3-5 c.c. ic‘C-cold water (Vasiliefif, 
J.C.S. 1910, 98, ii, 1109). The last-named 
author allows the liquid to stand for 5-8 hours 
at 0° before filtering. Heck et al. {l.c.) carried 
out comparative determinations with 0*1200 or 
0*1201 g. alkali nitrate, with the following 
results: Gutbier-Busch nitron, 0*1191; Vasi- 
lieff-Busch nitron, 0*1194; KolthofiF, titri- 
metric with FeS 04 , 0*1193; reduction with 
Hevarda’s alloy, 0*1154; Moore, modified 
Kjeldahl, 0*1142. The nitron method gave 
satisfactory analyses of metallic nitrates thus 
confirming earlier work by CoUins (Analyst, 
1907, 32, 349) and Vasilieff {l.c.). Nitrates in 
presence of a number of inorganic salts have 
been determined by Gutbier {l.c.) and Hes {l.c.). 

Chlorides may interfere ; Winkler (Z.c.) has 
published a table of corrections. Pooth {l.c.) 
states that hydrochloric acid in the solution 
should not exceed 100 c.c. n. per 0*1 g. nitrate 
present. 

Hydrogen peroxide required as a reagent in the 
analysis of cellulose nitrate, nitroglycerin, nitro- 
mannitol, nitrostarch, and nitrites, may contain 
nitric acid (Young and Bemays, Ind. Eng. Chem. 
[Anal.], 1940, 12, 90). Sulphuric or phosphoric 
acid, often present in hydrogen peroxide, do not 
interfere in the nitron method. 

Determinaiion of Nitrogen in Cellulose Nitrate. 
— ^This analysis is usually carried out in Limge’s 
nitrometer but the nitron method is an alter- 
native as shown by Busch and Schneider (Z. 
ges. Schiess- u. SprengstoiBFw. 1906, 1, 232). 
About 0*2 g. cellulose nitrate is added to 6 c.c. 
of 30% sodium hydroxide solution and 10 c.c. 
of 3% hydrogen peroxide. The mixture is 
heated on the water-bath until frothing ceases 
and then over the flame until solution is com- 
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plete. 40 c.c. of water and 10 c.c. of hydrogen 
peroxide are then added and the liquid is heated 
to 60®, 40 c.c. of 5% sulphuric acid are intro- 
duced beneath the liquid from a pipette and the 
temperature raised to 80”, 12 c.c. of nitron 
reagent (^ee supra) are admixed and the beaker 
allowed to cool. It is then placed in ice-water 
for 1-2 hours and the nitron nitrate filtered off 
and weighed as already described. In the 
absence of hydrogen peroxide some of the 
nitrate radical is reduced to nitrite with a small 
quantity of ammonia (E. U. Worden, “ Tech- 
nology of Cellulose Esters,” 1921, I, ii, 980; I, 
iii, 1679, 2316; J.S.C.T. 1908, 27, 715). Com- 
pared with the nitrometer method the results 
were 0- 13-0-01% N higher. 

Determination of Nitrogen in Nitroglycerin . — 
A tedious process which includes saponification 
for 2J hours with repeated small additions of 
30% hydrogen peroxide (Cope and Earab, J. 
Amer. Chem. Soc. 1917, 39, 604). 

Determination of Nitrate and Nitrite in mix- 
tureSf especially commercial Nitrite . — Busch (Ber. 
1906, 89, 1401) dissolves 0- 1-0-2 g. of the sample 
in a mixture of 50 c.c. of water and 20 c.c. of 
3% hydrogen peroxide which is then heated to 
70° and 20 c.c. of 2% sulphuric acid introduced 
beneath the liquid from a pipette, the tempera- 
ture is raised to 90° and 12 c.c. of nitron reagent 
added. Eollowing the usual procedure the 
nitrate originally present together with that 
formed by oxidation of nitrite is thus estimated. 
In a second determination a solution of about 
0-1 g. of the sample in 5 c.c. of water is slowly 
dropped on to 0-25 g. of solid hydrazine sulphate 
contained in a cooled flask. After completed 
reaction the solution is diluted to 100 c.c. and 
the nitrate originally present is now estimated 
as nitron nitrate (c/. Oclsner, Z. angew. Chem. 
1918, 81, i, 170, 178). 

Determination of Nitrate and Nitrite in 
bacteriological cultures . — Eranzen and Jxihrnann 
(J. pr. Chem. 1909, [ii], 79, 330) adopt Busch’s 
method above described, but when much organic 
matter is present they add 1 c.c. of cone, sul- 
phuric acid to 100 c.c. of the solution, before 
precipitation, to prevent the formation of col- 
loidal nitron nitrate. 

Determination of Nitrate in meat extract . — 
Paal and Ganghofer (Z. Nahrungs. Genussm. 
1910, 19, 322) describe methods of clarifying the 
extract before precipitation with nitron reagent. 

Determination of Nitrate in soil . — Litzendorff 
(Z. angew. Chem. 1907, 20, 2209 ; cf. Seydol and 
Wichers, ibid. 1911, 24, 2046) analysed samples 
containing 20-30 p.p.m. of nitrogen as NO3. 

Nitrous fumes in air may be absorbed by 
alkaline hydrogen peroxide solution in which 
nitrate is subsequently determined by the nitron 
method. According to Burrell and Seibert 
(U.S. Bur. Mines, 1913, Bull. No. 42, 67) the air 
to be analysed is aspirated into a 5-10 1. bottle 
containing 10 c.c. each of 5% potassium 
hydroxide solution and 3% hydrogen peroxide 
and the bottle is shaken until reaction is com- 
plete. The liquid and washings are then trans- 
ferred to a beaker and should not exceed 30- 
40 c.c.* After acidifying with dilute sulphuric 
acid nitron nitrate is determined with the usual 
precautions. Results are satisfactory ; 0*2 c.c. 
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and 3-7 c.c. of nitric oxide measured into the 
bottle yielded precipitates equivalent respec- 
tively to 0*2 c.c. and 3-6 c.c. For a similar 
method but with continuous aspiration, see E. 
Berl, “ Chem. -tech. Untersuchungsmethoden,” 
8 te Aufl. 1932, II, i, 422. 

Nitrates in water ^ if not less than 100 mg, per 1., 
an unusually high amount, may be estimated 
with nitron (Busch, Z. anal. Chem 1909, 48 , 370). 

Determination of Picric Acid, (i) as nitron 
picrato, (ii) as nitron nitrate. In the first 
method (Busch and Blume, Z. angew. Chem. 
1908, 21, 354) 150 c.c. of a solution of about 
0-16 g. of picric acid are mixed with 1-2 c.c. of 
dilute sulphuric acid, heated to nearly boding 
and 10 c.c. of nitron reagent {v. supra) added. 
After cooling to room temperature the precipi- 
tate is collected on a filter-crucible, washed with 
50-100 c.c. of cold water, dried at 110°, and 
weighed. (Factor to picric acid, 0-4232 ; trini- 
trocresol is determined similarly, factor, 0-3873.) 
In presence of sulphuric acid, phenol and the 
mono- and di-nitro phenols give no precipitate 
with nitron (Cope and Barab, l.c. ; Desvergnes 
l.c.). Utz (Z. anal. Chem. 1908, 47 , 140) 
obtained less convincing results by oxidative 
hydrolysis of picric acid in method (ii). 

Determination of Perchlorate. — This 
estimation was described by Cope and Barab 
(l.c.) and was adapted to the analysis of Chili 
saltj)etre by Viirtheim (Rec. trav. chim. 1927, 
46, 97). The solution of the sample is rendered 
strongly alkaline and treated with Devarda’s 
alloy until nitrate and chlorate are reduced ; it 
is then acidified with acetic acid and nitron per- 
chlorate, CgoHjeN^, HCIO4, precipitated by 
addition of nitron reagent. The precipitate is 
allowed to stand for 24 hours before filtering. 
Washing and drying are carried out as in the 
determination of nitrate (Storm, U.S. Bur. 
Mines, 1916, Bull. No. 96, 65). 

Determination of Chloric Acid. — Hes, 
l.c. ; Cope and Barab, l.c. 

Nitron Salts of Less Common Acids 
have been prepared for characterisation, e.g., 
fluorophosphoric (Lange, Ber. 1927, 60 [B], 962) ; 
fluorosulphonic (Traube el at., Ber. 1921, 54 [B], 
1618) ; hexafluoroantimonic, hexafluoroarsenic, 
hexafluorophosphoric (Lange et al., ibid. 1930, 
63 [B], 1058), trifluoroacetic (Swarts, Bull. Soc. 
chim. Belg. 1939, 48 , 190). 

Detection of Rhenium. — A microchemical test 
employing nitron is described by Kronmann and 
Bibikova (A. 1933, 138). 

Determination of Rhenium. — ^As nitron per- 
rhenate (Vol. II, 611a; Young and Bemays, 
l.c., I. Mellan, “ Organic Reagents in Inorganic 
Analysis,” 1941, 71). 

Determination of Tungstic Acid. — Gutbier and 
Weise (Z. anal. Chem. 1914, 63, 426) dissolve 
about 0-15 g. of the acid in sufficient con- 
centrated sodium hydroxide solution, dilute 
with hot water to 150 c.c., acidify with acetic 
acid, boil, and add nitron reagent. The precipi- 
tate after washing with the diluted reagent 
(4:96) is ignited and weighed as WO3. 

Recovery of Nitron from Precipitates 
and Filtrates. — The base is liberated by 
addition of 6% ammonia, washed, dissolved in 
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dilute acetic acid, reprecipitated with ammonia, 
washed and dried in vacuo. The operations are 
carried out in Hcmi -darkness and preferably in 
an inert atmosphere (Collins, l.c . ; Cope and 
Barab, l.c.). 

Substitutes for Nitron. — Organic bases 
yielding nearly insoluble nitrates have been 
described but have not been developed into 
routine reagents, they include cinehonamine 
(Vol. Ill, 152a; Howard and Chick, J.S.C.T. 
1909, 28, 53), di(a-naphthylTnethyI)ainine (Rupe 
and Becherer, J.C.8. 1923, 124, ii, 577), “ for- 
nitral ” (Vol. V, 327) which is a salt of nitron. 

Nitron a,s accelerator in the vulcanisation of 
rubber. — Romani, Chem. Zentr. 1924, 1, 2547. 

J. N. G. 

NITROPHENINE YELLOW. A direct 
cotton dyestuff formerly prepared by coupling 
diazotised p-nitroaniline with dehydrothio-^)- 
toluidinesulphonic acid and optionally also wdth 
primulinc ; it gives yellow shades which are not 
fast to light, alkalis or acids. 

J. N. G. 

NITROPHENOLS AND THEIR 
HOMOLOGUES. o-NitrophenoI . — If oxi- 
dation and formation of tarry materijils are to be 
avoided the nitration of phenol must be carried 
out under very mild conditions, when the 
reaction is not directly cornparablt^ to normal 
aromatic nitration. The presence of .small 
amounts of nitrous acid is essential ; this is not 
explained simply by the formation of nitroso- 
phenols followed by their oxidation regtmtTating 
nitrous acid, since approximately equal propor- 
tions of o- and p-nitrophenols are produced 
instead of mainly the pam-. The reaction must 
proceed via two complexes between phenol and 
nitrous acid, whicdi arc decomposed oxidatively 
at different rates (Veibel, Ber. 1930, 63 [B], 
1577, 1582, 2074; Z. physiktl. Chem. 1930, 
B 10, 22). Beaucourt and Hammerle (J. pr. 
Chem. 1928, [iij, 120, 185) allow phenol, liquified 
by water, acetic acid or alcohol, to drop into 
well-stirred nitric acid of p 1-35 at 8‘' over a 
period of 1^ hours. Steam distillation yields 
40% of o-nitrophenol, leaving an almost ecjual 
quantity of the para-isomer. Some 2*5% of 
2:4-dinitrophcnol is also produced. Increasing 
the density of the acid to 1*42 gives rather more 
para-, whilst a temperature of 1C~20® gives more 
ortho-. 25% -of the ortho-vompound and 60% 
of the para- may be obtained using acid of 
density 1*4 at 15“ in chloroform (Baroni and 
Kleinau, Monatsh. 1936, 68, 251). Other 

nitrating agents, benzoyl (Francis, Ber. 1906, 
89, 3798) and acetyl nitrate (Pictet and 
Khotinsky, ibid. 1907, 40, 1163), may bo used 
in the laboratory with sacrifice of convenience. 
Nitrogen dioxide reacts smoothly in organic 
solvents giving rather more para- than ortho- 
compound (Wieland, ibid. 1921, 54 [B], 1780; 
Monti, Gazzetta, 1937, 67, 628). 

o-Nitrophenol may also be prepared from the 
corresponding chloronitrobenzene (Engelhard 
and Latsohinow Z. fiir Chem. 1870, 231) and 
from nitrobenzene (Wohl, G.P. 116790; Ber. 
1899, 32, 3486) by treatment with caustic alkali. 
It forms yellow needles, m.p. 45®, b.p. 216°, 
sparingly soluble in cold water, easily in hot 
alcohol and ether, and readily volatile in steam. 


w-Nitrophenol, prepared via the diazotisa- 
tion of rn-nitroaniline (Manske, “ Organic 
Syntheses,” 1928, 8, 80), has m.p. 97°, b.p. 
194°/70 mm. It is very soluble in alcohol and 
ether, and non-volatile in steam. 

p-NitrophenoI is produced simultaneoiusly 
with the orifAo-cornpound in the processes 
already dcscribetl for the nitration of phenol. 
A useful special method is the oxidation of p- 
nitrosoplicnol (Robertson, d.C.S. 1902, 81, 

1477 ; Boslovskii and Mamutov, Khim. Referat. 
Zhur. 1940, No. 2, 27). It has m.p. 114°, is 
very soluble in alcohol, ether, and hot water, and 
non-volatile in steam. Seaman, Norton, and 
Simdberg (Ind. Eng. Chem. [Anal.J, 1940, 12, 
403) describe a technique for the determination 
of o-nitrophenol as an impurity by fliion^scence 
analysis after reduction and reaction with 
benzoic acid. 

2:4-Dinitrophenol. — The literature con- 
(icrning this (compound is reviewed and the 
processes of its manufacture from 2:4-dinitro- 
chlorobenzene and from phenol described in 
detail by Desvergnes (Chim. et Ind. 1931, 26, 
507, 1271; 1932, 27, 278, 527). Shorygin, 

Topchiev, and Anan’ina (d. Gen. Chem. Russ. 
1938, 8, 986) claim that 76% of 2:4-dinitro- 
phenol may be obtained directly from phenol 
using liquid nitrogen pe^roxidti, provided that the 
highly exothermic reaction be moderated by 
maintaining at 0°. Zakharov (J. Chem. Ind. 
Russ. 1927, 4, 960 ; 1928,5,26; 1929,6,698), 
has examined the mercury-catalysed nitration 
and oxidation of bciizene (Wolffenstein and 
Bciters, G.P. 194883; Ber, 1913, 46, 588). 
He finds that catalyst solutions which yield 
initially only 40% of the product (;an give up to 
80% after repeated use, and thus a continuotis 
process is de.sirable. The reaction temperature 
is between 20° and 30°. Bradner and Beall 
(C.S.P. 1723761) also describe a continuous 
process in which nitrogen peroxide, oxygen, and 
benzene are fed into the agitated reaction 
mixture of mercury catalyst and acetic acid. 
The nitric acid concentration is kept at 45-50%. 
It forms j)ractically colourless crystals of m.p. 
114°, soluble in organic solvents and steam 
volatile. 

2:4:6-Trinitrophenol v. Picric Acid (Vol. 
IV, 4765). 

4:6-Dinitro-2-aminophenoI {Picramic Acid) 
is prepared by partial reduction of picric acid 
by sodium sulphide (Brand, J. pr. Chem. 1906, 
[ii], 74, 472), hyposulphite (Seyewetz and Blanc, 
Chim. et Ind. 1930, 25, 605 ; Clayton, J. 8oc. 
Dyers and Col. 1930, 46, 365) or iron and salt 
(Lyons and Smith, Ber. 1927, 60 [B], 181). It 
has m.p. 169°, is soluble in benzene, acetic acid, 
and alcohol, and sparing so in ether and water. 

Nitrocresols. — The existing methods of 
preparation of the ten mono-nitrocresols are 
discussed critically, and improvements described 
by Clemence and Raiziss (J. Amer. Pharm. 
Assoc. 1934, 23, 563). Other references are 
given in the table shown on the opposite page. 

Nltroxylenols. — Rowe et al. (J.S.C.I. 1930^ 
49, 469t ; 1931, 50, 79t) describe the nitration 
of xylenols. 

Nitroresorcinols. — The preparation of 2- 
and 4-mononitroresorcmol8 by direct nitration 
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Compound. 

M.p. 

Preparation. 

lief. 

3-Nltro-2-cresol . 

, 70° 

Nitration of o- 

1 



cresol. 


4-Nltro-2-cre8ol . 

. 118° 

Nitration and de- 

2 



amination of 0 - 
toluidine. 


5-NltrO'2-cre8ol . 

. 96° 

Nitration of o- 

1 



cresol. 


2-Nitro-3-cro8ol . 

. 41° 

Nitration of ni- 

3 



cresol. 

Nitration of sul- 

4 



phoiiated 

cresola. 


4-Kitro-3-cre8ol . 

. 50° 

Nitration of m~ 

3, 6 



cresol. 

Amyl nitrite on 

7 



m-cresol. 


5-Kltro-8-cresol . 

90-91° 

From 5-nitro-3- 

8 



toluidine. 


6-Nitro-3-cre8ol . 

. 129° 

Nitration of m- 

3, 6 



cresol. 


2-Kitro-4-cre8ol . 

. 79° 

From 2-nitro-4- 

9 



toliiidine. 


3-Nitro-4-cresol . 

. 36-5° 

Nitration of v- 

10 



cresol. 


3;5-Dinitro-2-creaol 

86-5° 

Nitration of o- ^ 

. 6. 7, 



cresol. 

From dibromo-o- 

12 



crosol. 

From disul])hon- 

13 



ated 0 - tolui - 
dine. 


4:6-Diuitro-3-cre801 

]01° 

Nitration of m- 

14 



creaol. 


2:3-Dimtro-4-cre8ol 

159° 

Nitration of 2- 

15 



nitro-4-cre8ol. 


3:5-I)lnitro-4-cre8ol 

84° 

Mercuric chloride, 

16 



sodium hydr- 
oxide on 3:5- 




dinitrotoluene. 
Nitration of v 

17 



cresol. 



1 Gibson, J.C.S. 1925, 127, 44. 

2 IJllmann and Fitzenbam, Bor. 1905, 38, 3794. 

3 Gibson, J.C.S. 1923, 123, 1271. 

4 Hodgson and Beard, ibid. 1925, 127, 498. 

5 Khotinsky and Jacopson-Jacopmann, Ber. 1909,42, 

397. 

« Baronl and Xlcinau, Monatsli. 1936, 68, 251. 

7 Ajello and Sigiila, Gazzetta, 1939, 69, 67. 

8 Nevde and Winther, Ber. 1882, 15, 2986. 

9 Harvey and Hobson, J.C.S. 1938, 99. 

10 Frye and 0‘Keal, U.S.P. 2136187. 

11 Bovini, Anier. Chem. Abstr. 1928, 22, 1578. 

12 Bures, ibid. 1928, 22, 63. 

13 Datta and Varma, J. Indian Choin. Soc. 1927, 4, 

321. 


1^ Shorygin, Topchiev, and Anan’ina, J. Geii. Chein. 
Buss. 1938, 8, 986. 

13 Dadswell and Kenner, J.C.S. 1927, 580. 

10 Hodgson and Smith, ibid. 1930, 2035. 

17 Monti, Gazzetta, 1937,67, 628. 


of resorcinol is described by I.G. Farbcnind. A.-G. 
(G.P. 633982) and Hodgson and Dyson (J.C.S. 
1936, 948). 

2:4:6-Trinitroresorcinol {Styphnic Acid) is 
prepared by adding resorcinol portion wise to 
sulphuric acid at 40°, heating the resulting solu- 
tion on the steam bath, cooling to 0° and 
nitrating. On pouring into water the product 
crystallises (Merz and Zetter, Ber. 1879, 12, 
2037 ; Sah, Amer. Chem. Abstr. 1932, 26, 
6927). Industrially, a similar process (Wilkin- 
son, U.S.P. 2246963), or, alternatively, the 
nitration of dinitroresorcinol (Jones and Roberts, 
U.S.P. 2301912) may be employed. Styphnic 
acid forms yellow needles from ethyl acetate, 
m.p. 179-180° which explode on rapid heating ; 
it is soluble in alcohol and ether, and sparingly 
so in water. It is useful for the identification of 
aromatic hydrocarbons (Brass and Fanta, Ber. 
1936, 69 [BJ, 1) and alkaloids as their molecular 
complexes. 

G. W. K. 


4.N1TRO. m-PHENYLENEDI AMINE, 
NH, 

obtained from diforinyl-?rt.-phonylenediamine 
which is nitrated to give the 4 -n’tro- derivative 
from which the formyl groups are then removed, 
yield ca. 90% (Gordonov, B. 1934, 792) ; also 
prepared by heating 4-nitroarulmo-3-8ulphoiiic 
acid with ammonia to 180° (Agfa, G.P. 130438). 
It forms yellowish-red prisms with a blue reflex, 
m.p. 161°. It is used as a coupling component 
in a number of fast dyestuffs for cotton, e.gr,, 
Pyrarnine Orange 3G, R, and 2R, and also for 
dyeing fur and feathers (G.P. 262692). 

J. N. G. 

NITROSO-COLOURING MATTERS 

arc derived from nitrosophenols (quinoneoximes, 
V. p-NiTEOSOi*HENOL) by forming their coloured 
insoluble co-ordination compounds containing 
iron, chromium, cobalt, or nickel, e,^., Naphthol 
Green B, the complex ferric sodium salt of 1- 
nitroHo-2-iiaphthol-6- suljJionic acid (c/. Vol. I, 
263a; JII, 335^). These compounds may be 
precipitated for use as pigments or the reaction 
may take place on a suitably prepared fabric 
to give a dyed material. Corresponding copper 
(Vol. II, 686^) and cobalt (Vol. II, 562J, 578a, 
()12r) compounds of oximes are utilised in 
analytical separations. 

J. N. G. 

p - NITROSODIMETHYLANILINE, 

(CH3)i,N( ^ ^ NO 

prepared by adding a concentrated solution of 
sodium nitrite to a strongly cooled solution of 
dimcthylaniline in 20% hydrochloric acid, when 
the hydrochloride 8ej)arate8 as yellow crystals, 
m.p. 177° (decomp.). The free base, green 
leaflets from ether, has m.p. 92-5-93-5°. Re- 
duction with tin and hydrochloric acid gives 
NN-diincthyl- 2 ?-phenyleiiediamine. It is an 
intermediate for many dyestuffs, e.^., it con- 
denses with )3-naphthol to give Meldola’s Blue, 
cf. Capri Blue. 

J. N. G. 

ITROSOPHENOL (1), or p-henzo- 
quinone morioxime (II), 

NO 0;< ^ ^ :NOH 

I. II. 

Yellowish needles, decompose at 124°. The 
same compound is precipitated in two reactions 
which are related respectively to the two 
formula? : (I) by the interaction of phenol, 
potassium nitrite, and acetic a(;id, and (II) from 
quinone and hydroxylamino hydrochloride. 
For metallic salts of oxime structure (II), 
V. Nitroso-oolouring Matters (v. supra). 

J. N. G. 


HO 
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NITROSULPHURIC ACID, Saltpetor- 
Hchwefelsaure (Germ.), an old name for an acid 
assumed to exist in mixtures of concentrated 
nitric and sulphuric acids; its salts termed 
nitratosulphates are known, e.^., the mineral 
darapskitCy NaaS04,NaN03,H20. A related 
compound is nitrosylsulphuric acid, 

ONOSOaOH, 

cj. Elliott et al.y J.C.S. 1926, 1219; J. W. 
Mellor, “ Comprehensive Treatise on Inorganic 
and Theoretical Chemistry,” Vol. II, 1922, 
pp. 691, 816; Vol. VIII, 1928, p. 696. 

J. N. G. 

NITROSYLS, METAL. Metal nitrosyls 
may be defined as compounds the molecules of 
which contain one or more nitrosyl (NO) grouj^s 
directly bonded to a metal atom. The number 
of known compounds of this type is not large, 
and their formation is largely characteristic of 
the group of elements comprising iron, cobalt, 
nickel, and the platinum metals ; these are also 
typical carbonyl-forming elements (i;. Car- 
bonyls, Vol. II, 367a), and the nitrosyls and 
carbonyls are closely related classes of com- 
pounds. 

Metal nitrosyls containing no group other than 
NO attached to the metal atom are not well 
established compounds ; in this respect the 
nitrosyls differ, as a class, from the carbonyls, 
for a number of carbonyls contain metal atoms 
bonded to CO groups only (c/. Welch, Chem. 
Soc. Annual Rep. 1941, 38, 71). The existence 
of a cobalt nitrosyl, Co ( N 0)3, has been reported 
(Hieber, Angew. Chem. 1936, 49, 463 ; 

G.P. 613400, 613401, 1932), but full details of its 
preparation and properties are not available; 
if its existence is confirmed, this compoimd will 
provide the first authentic example of an un- 
substitutod metal-nitrosyl. Supposed “ nitro- j 
syls ” of iron [Fe(NO)4, Manchot and Enk, 
Annalen, 1929, 470, 276] and ruthenium 
[Ru (NO), or Ru (N0)5, W. Manchot and W. J. 
Manchot, Z. anorg. Chem. 1936, 226, 410] may 
contain nitrosyl groujjs, but their constitution 
is open to question, and they are probably not 
simple nitrosyls ; the iron compound has been 
formulated as a hyponitrite, [Fe(N0)2]N202. 
It is noteworthy that the cobalt compound, 
Co (N 0)3, is allowed for by the general struc- 
tural principles applying to most of the simpler 
nitrosyls and carbonyls, but that the supposed 
iron and ruthenium compounds cannot bo 
formulated in any simple way. 

Nitrosyl Carbonyls. — ^The nitrosyl car- 
bonyls of iron and cobalt, Fe(CO)2(NO)2 and 
Co(CO) 3NO, are volatile compounds which 
establish the close link between the carbonyls 
and the nitrosyls. Both form red liquids. The 
iron compoimd, m.p. 18*4°, b.p. ca. 110°, is 
prepared (Hieber and Anderson, ibid. 1932, ^8, 
238) by the action of nitric oxide on iron tetra- 
or ennea-carbonyl (Vol. II, 368a). The cobalt 
compound, m.p. — 1T°, b.p. 78-6°, is similarly 
obtained from cobalt tetracarbonyl (Vol. II, 
358c), but other methods of preparation are also 
available ; in one of these carbon monoxide is 
passed into an alkaline solution of a cobalt salt, 
containing cysteine, which is afterwards acidi- 
fied ; nitric oxide is then passed into the solution, 


and cobalt nitrosyl carbonyl is evolved as vapour 
(Coleman and Blanchard, J. Amer. Chem. Soc. 
1936, 58, 2160; Blanchard and Gilmont, ibid. 
1940, 62, 1192). Alternatively, carbon monoxide 
may be absorbed in an alkaline suspension of 
cobalt cyanide or sulphide, and nitric oxide 
passed into the resulting solution (Blanchard, 
Rafter, and Adams, iM. 1924, 56, 16). Some 
reactions of the nitrosyl carbonyls of iron and 
nickel have been studied by Hieber and Anderson 
(Z. anorg. Chem. 1933, 211, 132). 

On structural grounds, nickel might be ex- 
l)ected to form a nitrosyl carbonyl of formula 
Ni(NO)2CO, but this has never been isolated. 
The acticin of nitric oxide on slightly moist nickel 
carbonyl, in an inert solvent or in the absence 
of a solvent, affords the hydroxide, N i ( N 0)0 H, 
of the univalent Ni (NO) radical ; other closely 
related compounds are formed in the presence 
of an alcohol (Anderson, ibid. 1936, 229, 
357 ; Frazer and Trout, J. Amer. Chem. Soc. 
1936, 58, 2201). By analc;)gy with iron and 
cobalt, formation of nitrosyl carbonyls of 
ruthenium and osmium [Ru (CO)2(NO)2 and 
Os(CO) 2(NO)2J and of rhodium and iridium 
[Rh(CO)3NO and lr(CO)3NO] may also bo 
predicted. These compounds have not yet been 
reported, but recent progress in the study of the 
carbonyl chemistry of these elements fully 
confirms their close analogy to iron and cobalt. 

Like the carbonyls, the nitrosyl carbonyls give 
rise to a number of complex derivatives con- 
taining amine or other groups co-ordinated to 
metal atoms {see Hieber and Anderson, Z. anorg. 
Chem, 1933, 211, 132 ; H. J. Emeleus and J. S. 
Anderson, “ Modern Aspects of Inorganic 
Chemistry,” London, 1938, Chap. XII). 

Metal Nitrosyl Halides and Other 
Nitrosyl Derivatives. — Among other simple 
metal nitrosyls are the nitrosyl halides of cobalt, 
of formula Co (NO)2X, X being a halogen atom. 
These compounds are prepared by the direct 
action of nitric oxide on the anhydrous cobalt 
halides at about 60° (Hieber and Marin, Z. 
anorg. Chem. 1939, 240, 241). The iodide reacts 
most readily, giving the nitrosyl compound as 
dark brown, or black, shining crystals ; with the 
bromide or chloride the reaction is complete only 
in presence of a halogen -acceptor, such as 
metallic zinc or cobalt, which combines with the 
halogen set free in the formation of the nitrosyl. 
These nitrosyl halides are very stable, and can 
be sublimed without decomposition. Iron gives 
formally similar compounds of the type 
Fe(NO)2X (Manchot and Fischer, Dissertation, 
Munchen, 1937). A group of “ nitrosyl mer- 
captides ” is known which is clearly related to 
the nitrosyl halides, and includes compounds of 
the types Fe(NO)2SR, Co(NO)2SR, and 
Ni(NO)SR, R being an alkyl group (Reihlen 
et al.y Annalen, 1927, 457, 71; 1928, 465. 

72 ; 1929, 472, 268 ; 1930, 482, 161 ; Manchot 
and Davidson, Ber. 1929, 62 [B], 681). Roussin’s 
salts {v. Vol. VII, 60c), particularly the red 
salts of the type Fe(NO)2SM^, are of a similar 
group. 

Nitrosyl halides in which the nitrosyl group 
functions as a co-ordinated addendum in Qom- 
plexes of more familiar oonstitution include 
M^CRuCIgNO], well known in ruthenium 
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chemistry (Mancliot and Schmid, Z. anorg. 
Chem. 1933, 216, 99), and the analogous osmium 
compounds, MJ[OsCl6NOJ (P. Pascal, “ Trait6 
de Chimie Minerale,” Vol. XI, Paris, 1932, 
p. 370), Closely related to these halides are 
complex cyanides, of which the “ nitroprus- 
sides,” M5[Fe(CN)5NO] (v. Vol. Ill, 477a)^ 
and the similar compounds Mj[Fe(CN)5NO] 
(Manchot and Woringer, Per. i912, 46, 2809; 
1913, 46, 3614), are familiar examples. Other 
complex nitrosyl cyanides include 

M5[Mn(CN)5NO] 

(Manchot and Schmid, ibid. 1926, 59 [B], 2360), 
MgCNi (CN)3N0] (Manchot, ibid. p. 2448), 
and M2 [Ru (CN) 5N0] (Manchot and Diising, 
ibid. 1930, 63 [B], 1226). 

Association of nitrosyl and thiosulphate 
groups is found in the cobalt nitrosyl thif)sul- 
phates, Mg[Co(NO)2(S203)2l (Manchot et al.^ 
ibid. 1926, 59 [B], 2445 ; 1929, 62 [B], 681) and 
in related compounds of iron and nickel, 
Mi[Fe(N0)2(S203)] and 

Mj[Ni(N 0 )(Sj 03 ),]. 

An iron nitrosyl sulphate, Fe(N0)S04 {v. 
Vol. VII, 586) finds application in the “ brown 
ring ” test for nitrates {v. Vol. II, 572c), and in 
the purification of nitric oxide ; it is an unstable 
brown substance. The corresponding selenate, 
Fe(N0)Se04, has been isolated as a crystalline 
solid (Manchot et al.y Annalon, 1910, 372, 166; 
Ber. 1914, 47, 1601 ; Z. anorg. Chem. 1924, 
140, 37). 

For some other more complex nitrosyl deriva- 
tives of metals, see Emeleus and Anderson, 
op. cit., and Welch, Chem. Soo. Annual Rep. 
1941,38, 71. 

Valency Relations In Metal Nitrosyls. 
— The constitution of the more complex metal 
nitrosyls still remains to be established, but the 
simpler compounds of the group can be formu- 
lated satisfactorily if it is assumed that attach- 
ment of a nitrosyl group to a metal atom involves 
donation of three electrons from the nitrogen 
atom to the metal. This process may be con- 
sidered to take place in two stages ; (a) loss of 
one electron from the N O group, and incorpora- 
tion of this electron into the electron orbits of 
the metal atom; and (6) attachment of the 
resulting positively charged [NO]"^ group to 
the metal by an ordinary co-ordinate bond {v. 
Vol. IV, 2736), the nitrogen atom donating 
two further electrons to the metal, as below. 

M iN:::0: 

(a) [-M]- [:N:::0:]+ 

(b) 

(The metal atom is here shown without regard 
to its total charge, or to the presence of other 
attached groups, and nitric oxide is formulated 
without any attempt to show its resonance 
structure.) The nitrosyl carbonyls, particularly, 
are convincingly formulated on this basis, the 
metal atoms in their molecules reaching the 
** rare-gas structure ’* which is believed to be 

Vol. VIII,--38 


attained in all simple carbonyls. The structures 
of iron and cobalt nitrosyl carbonyls, as deter- 
mined by electron diffraction, are also in accord 
with the mode of bonding just described (Brock- 
way and Cross, J. Chem. Physics, 1936, 8, 828 ; 
Brockway and Anderson, Trans. Faraday Soc. 
1937, 83, 1233). For further information on the 
constitution of nitrosyls (and also carbonyls), 
see Blanchard, Chem. Reviews, 1940, 26, 409. 

A. J, E. W. 

4- NITROTOLUENE-2-SULPHONIC 

AC I D, p-nitrotolmne-o-sulphonic acid^ 

S03HCeH3MeN02, 

obtained by sulphonating p-nitro toluene with 
fuming sulphuric acid at 100° (Kastle, Amer. 
Chem. J. 1910, 44, 484) crystallises from water 
in plates, with 2H2O, m.p. 1.33-6°, soluble in 
alcohol, ether, and acetone. The aqueous solu- 
tion turns deep rod when warmed with sodium- 
hydroxide solution and a series of stilbene 
dyestuffs (Vol. IV, 221a) is formed by alkaline 
condensation under varied conditions. 

J. N. G. 

NITROTOLUIDINES. McGookin and 
Swift (J.S.C.I. 1939, 58, 152) have investigated 
the nitration of acetotoluidides and obtained the 
following yields of nitroacjototoluidides, which 
may subsequently bo hydrolysed ; from acet- 
o-toluidido, 33% of 3-nitro-, 27% of 4-nitro-, 
28% of 6-nitro- ; from acot-w-toluidido, 10% of 

4- nitro-, 66% of 6-nitro- ; from acet-p-toluidido, 
83% of 3-nitro-, 5-9% of 3;6-dinitro-. The last 
reaction is also described by Biswell and Wirth 
((J.S.P. 2128511). The preparation of 2- and 

5- nitro-m-toluidines has been earried out by 
reduction of 2:3- and 3:5-dmitrotoluene by 
stannous chloride (Burton and Kenner, J.C.S. 

! 1921, 119, 1047) and ammonium sulphide 
(Morton and McGookin, 1934, 910), respec- 
tively. Mortoji and McGookin {l.c.) describe 
the absorption spectra of all ten mononitro- 
toluidines. 

McGookin (J.S.C.I. 1941, 60, 297) has recently 
described the preparation of 3:5-, 3:6-, and 5:6- 
dinitro-o-toluidines. 

G. W. K. 

NJIMO WOOD. Opebe. Egbesi from Sar~ 
cocephalus esculentus (Fam. Rubiaceae) a tree 
growing in tropical W. Africa, has been used 
for furniture aiid parquet flooring (Chevalier, 
Rev. Bot. Appl. 1938, 18, 176). The wood 
yields a yellow bitter extract formerly con- 
sidered to possess febrifuge properties. The 
bark and root (“ Peach root ”) wore exported to 
France and believed to be substitutes for 
cinchona bark since they are used for this pur- 
pose in native medicine. The presence of the 
alkaloid “doundakine” in the bark(Bochefontaine 
et al., Compt. rend. 1883, 97, 271) has been 
denied (Heckel and Schlagdenhauffen, ibid. 
1886, 100, 69; BuU. Imp. Inst. 1916, 18, 46). 
The leaves contain traces of an alkaloid 
(Boorsma, Bull. Inst. bot. Buitenzorg, 1902, 14, 
26). The yellow dyestuff from the wood has 
no importance for European practice (Dalziel, 
“ Useful Plants of West Tropical Africa,” Crown 
Agents for the Colonies, London, 1937, 411). 
Oberdoerffer (Tropenpflanzer, 1938, 41, 26) has 
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described the commercial products from the tree. 
7’he allied species i^arcorephaJ us didtrrichii or 
West African boxwood contains a canJiac poison 
(Gibson, Biochcin J. 100(1, 1 , 30). 

J. N. G. 

{v. Vol. VIT, 37r, 4r>8r/). 

NOMENCLATURE AND LITERA- 
TURE, CHEMICAL. 

NOMENCi.ATl dIE, GH EM I( AL. 

Words, like test IuIk'S, ]ilay an essential r6ie 
in scientific investigation. Itjdccd language is a 
very important factor in sciimtific progress, for 
co-operation depends on ability to (‘ommunicalc 
information. Chemical nomenclature, tlu' sys- 
tem of words used in the science of clumiistry, 
undertakes to make ])ossih]e clear and (‘xact 
(‘ommunication among (luMnists and other 
sciemtists. 

Chemistry ])rcsents a large ami exacting 
nomenclature' problem be'cause of Hk* great 
number of chr'inical com])ounds to be named 
(there are probably ov(‘r 300,000 known clumucal 
compounds), and bt'caus(‘ of the complexity of 
many of thes(' substancr's. Aw hile tlu're is still 
ample room for improvrnnent and growth, the 
nomenclature of chemistry is highly d(‘V(‘loj)ed. 
The la(’k of an effectivi' nomenclature un- 
doubtedly lu'ld back tht' jri'ogn'ss of the scirmee 
during its (‘ai’lirT stages. 

In this article, along wdth bidef historical com- 
ment, an effort will be made to outline some of 
the general considerations affecting chemical 
nomenclature, to giv'c ruk's for naming chemical 
compounds, to discuss some of the philosophy 
behind the rules or tlu' names, and to r-efer to 
sources of information which should provide 
further hel]) to the; chemist who is striving to 
determine the best usag(' for his ow’u individual 
needs. 

Early Developments. — The nf)menclature 
of the alclu'mists and their pn^lecessors is only 
of historical inierest because their knowhulge 
of chemical composition w as incornph'te or lack- 
ing, and because they preferred mysticism and 
secrecy to attemptecl clear statemenf. The 
IJeriods of iatrochemistry and the phlogiston 
theory are also only of historical inb'rest as far 
as chemical names an' concenu'd. The early 
nomenclature w^as cumbrous and each substance 
was likely to have several nanu^s. The ordy 
tendency towards system was the use of “ sal ’* 
for salts and of such words as “■ oleum ” for 
viscous li(|uids, “ spiritiis ” or “ mercurialis ” 
for volatile licpiids and other similar words to 
denote physical properties. It was only to- 
wards the end of the seventeenth century that 
names began to be based on similarity of proper- 
ties which indicated similarity of composition, 
as the use of “ vitriol ” in the names of the 
sulphates. 

A few alchemical and iatrochemical names are 
still in use, but they have not survived because 
of any special merit as names. Aqua regia^ sal 
ammoniac, cream of tartar (all alchemical) and 
Glauber’s salt and Rochelle salt (both iatro- 
chemical) are examples. 

Some of the metals have been known for a 
long time. The ancients were acquainted with 
gold, silver, copper, tin, iron, lead, and mercury. 


These metals were supposed to be connected 
with “ the seven planets ” and there are a few 
modern terms which recall this, as “ mercury,” 
“lunar caustic,” and “saturnine poisoning.” 
The symbols for the heavenly bodies were some- 
times used to designate the metals. 

The early chemists had some conception of the 
difference between elements and compounds, 
though they were wrong in the classification 
of a good many substances. The names of the 
dements, in both early and recent times, and 
tlu' names of compounds given before the 
development of systematic nomenclature have 
had a great variety of origins. This is also true 
to-day for names c-oined when a short name 
seems preferable or necessary, or when not 
enough is known for the establishment of a 
systematic name. Some chemical substances 
hav<^ been named after discoverers, others after 
j)laces of discovery, some, with slight variation, 
from the names of substances already known, 
others from characteristic properties, some from 
the source, as an ore or a, })lant, some from 
j)ride of the discoverer in his owm nationality, 
as germanium, and still others from purely 
fanciful considerations. *Sometinies in chemistry, 
as in other fields, wx)rds alrt'ady in use have been 
given a restricted meaning for tlu' chemist in lieu 
of the coining of a new w ord. 

The multiplicity of names for the same sub- 
stance and the contradictions and inadequacies 
of names (due often to meagre knowledge of the 
substance in (piestion, and also t)f nomenclature 
j)rinciples) have naturally led to attempts at 
standardisation. Much progress has been made 
in recent y(\ars by committc'cis of the various 
national chemical societies, by the editors of 
(diemical compilations and by committees of the 
International Cnion of Chemistry. The work 
by these organisations has often been based in 
part on eontributions by interested imlividuals. 
Much of the remainder of this discussion will 
be devoteil to the results of these efforts at 
standardisation, after a brief discaission of general 
factors which the committees have had to tak(' 
into consideration. 

General Influences. — One of these factors 
has been the realisation that all histori(^al names 
cannol, perhaps should not, be eliminated. In 
tin; first place, it is usually very difficult to 
eliminate from usage a well-established name, 
so that the introduetion of a substitute tends to 
add confusion, which counterbalances at least 
some of the intended clarification or simplifi- 
cation. The attitude has usually been that only 
vicious usages and those that conflict with a 
rational system of nomenclature should be 
changed. 

Even standardisation of the names of the 
elements has not been complete. Some of the 
common, long-known elements have different 
names in different languages, as nitrogen, azote, 
Stickstoff, and lead, plomb, Blei. Furthermore, 
there has never been complete agreement on the 
names of some of the elements : beryllium or 
glucinum, columbium or niobium, hafnium or 
celtium, lutecium or cassiopeium, and illinium 
or florentium. Beryllium, hafnium, and lutecium 
are more firmly established as names than are 
names for the other two elements mentioned. 
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“ Niobium ” is used in British publications 
usually and “ colurabium ” in American publi- 
cations. It has not been considered worth 
while to attempt to standardise the names of the 
elements for language differences as the words 
are too common and too well established. A 
few of the isotopes have been given names, as 
by use of the prefix radio-. Completely different 
names for isotopes are deuterium and tritium 
for 2H and 

The unsystematic names frequently jwsscssed 
by compounds are called “ trivial ” names 
(German Triinalnaimn) for lack of a better 
designation. Jn the (‘arly days such n.'imes were 
often long, as “ pow'dcr of tht^ Count of Palma 
for magnesium carbonate, but in more recent 
times short, single-word trivial names hav(‘ been 
usual. These names play a useful r61e, as many 
systematic names are inconveniently long and 
unnecessary for most uses. Moreover, many 
trivial names serve as stern words for systematic 
names of derivatives and they may suggest 
source, a property or the like. Often w^hen a 
compound first needs a name not enough is 
known about it for systematic naming to be 
possible. 

Numerous exanjples of unnecessary and 
troublesome duplications of names an^ .still 
encountered to-day. However, in systematic 
nomenclature thei'e are often several possi- 
bilities for a given compound, partirailarly a 
complex compound, no one of wdiich is neces- 
sarily best. Since the names arc* systematic this 
situation does not present a serious problem and 
may even have advantages, as in teaching and in 
presenting different relationships or points of 
view. Organic compounds of mixed function 
may be given names in which any one of the 
functions is chosen to dominate. Even among 
the simpler inorganic compounds there are 
different possibilities of systematic naming ; 
these do not present serious difliciilty. Examples { 
of this influence of differences in point of view 
or in system of naming will be brought out 
later. 

A very broad influence on nomenclature which 
may be attributed to point of view lies in the 
fact that chemistry, as indeed life itself, is 
largely based on water. Aqueous systems are 
the common kind studied in chemistry and 
thinking is in terms of them. We live in a water 
world. E. C. Franklin has shown that com- 
pounds dissolved in liquid ammonia behave in 
such a way as to justify, from that viewpoint, 
an entirely different nomenclature from the one 
developed from the use of water as the common 
solvent. Indeed, Franklin pointed out (J. 
Amer. Chem. Soc. 1924, 46 , 2137-51) that not 
only oxygen, but also sulphur, nitrogen, the 
halogens and, to a recognisable extent, even 
carbon, are acid-, base-, and salt-forming ele- 
ments in the original Lavoisierian sense under 
proper conditions as to solvent. In an imaginary 
ammonia world the amides, imides, and nitrides 
of the basic metals would be the bases and 
NHoCI, H-NCN, or HNC(NH2)2, HN3, 
H 2 NI, HNSi(NHjj) 2 , and (HN) 2 PNH 2 would 
be ' acids (ammono-hydrochloric, -carbonic, 
-nitric, -hypoiodous, -silicic, and -phosphoric 
acids, respectively). The alcohols of such a 


world would be primary and secondary amines 
according to our nomeiK^lature and phenol 
would be aniline. The ethers would be the 
tertiary amines. Franklin’s nomenclature for 
compounds from that viewpoint is at least of 
academic interest. 

A strong influence in the development of 
systematic chemical nomenc lature has been the 
requirement of indexes for H'^stem in the listing 
of compounds. This has led to much useful 
work by editors, done in order that the indexes 
for which they are responsible might serve as 
an effective key to the litcTature concerning the 
compounds recorded. An abstract jounial 
covering the chemical literature of the world 
may have occasion to index as many as 25,000 
c’ompounds in a year and anything less than the 
use of rigidly systematic names for these com- 
pounds could not help but result in a (!on- 
fusing subject index, with scattered entries and 
impaired usefulness. What is true of annual 
indexes is still truer of collective indexes, such 
as those of the Zeitschrift fiir anorganische und 
allgemeine Chemie, British (Iiernical and 
Physiological Abstracts, (liemical Abstracts, 
and Chemisches Zcntralblatt. The introduc- 
tions to such publications often contain valuable 
information for the student of diemical nomen- 
clature. 

A.side from their work with indexes, the editors 
of the numerous scientific and technical journals 
have a real responsibility in the (‘ontrol of the 
nom(‘nclatur(‘ used in their })ublications. They 
ha ve to deal with the produd of many workers, 
some of whom are uninformed or not sufficiently 
careful in regard to th(^ words which they use. 
This r(‘S])onsibility has been recognised by the 
frequent inclusion of editors on th(i nomen- 
clature committees of national chemical societies 
and of the international Union of Chemistry. 
Directions for authors and abstrac^tors issued by 
journal editors are another helpful source of 
information on nomenclature. 

Other General Considerations. — An 
effective device commonly used in chemistry 
has been the use of significant endings in the 
names for (diernical substances, with (dassifi- 
cation as the chief objective. This has been 
done to a limited extent for the elements, as 
with the -ium ending much used in the more 
recently named metals and of -on, as in the 
names of the inert gases. The -on ending has 
also been used by j)hysicists and chemists in the 
naming of ultimate particles, as in magneton, 
proton, deuteron, and photon. A more effective 
use of significant endings, however, has been in 
the naming of compounds. The use of the end- 
ings -ide, -ite, -ate, -ous, and -ic in inorganic 
chemistry will be discussed later, as will also the 
use in organic chemistry of such endings as -ane, 
-ine, -ol, and -yl. 

It is natural that different forms of a well- 
known substance should receive individual 
trivial names, as charcoal, graphite, and dia- 
mond, or chalk, marble, Iceland spar, etc. 
Mineralogists have their own names for native 
chemical compounds, customarily using the 
ending -ite; as, sphalerite for native zinc sul- 
phide, or calcite and aragonite for two different 
crystal forms of native calcium carbonate. 
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Chemistry has had industrial applications from 
early times, starting principaUy with metallurgy. 
The application of chemistry in medicine adso 
came early. Industry has had much effect on 
usage of chemical names. Trade names are 
numerous and frequently different manu- 
facturers of a given chemical compound apply 
different names to the product thus variously 
produced. These names sometimes appear in 
technical literature without adequate definition 
and are troublesome to the reader. Occasionally 
a trade name, as adrenaline, comes to bo so 
commonly used that it is taken over into the 
native language as a regular word. If a trade- 
mark name has not reached such a stage, usage 
favours a capital letter to begin the name when 
written or printed.* Good sources of infor- 
mation on trade names are : “ Chemical 

Synonyms and Trade Names,” by Gardner (The 
Technical Press, Ltd., London, 1936), “ Trade- 
Names Index ” (Special Libraries Assocn., New 
York, 1941) ; “ Where to Find the New Trade 
Names,” by Amoss (A. M. Amoss, Edgewood 
Arsenal, Maryland, 1940) ; ” Modem Drug 

Encyclopaedia and Therapeutic Guide,” by 
Gutman (Now Modern Drugs, New York City, 
1941) ; “ The Condensed Chemical Dictionary,” 
by Gregory (Beinhold Publishing Corporation, 
New York City, 3rd ed., 1942) ; Chambers’s 
Technical Dictionary,” by Tweney and Hughes 
(The Macmillan Company, Now York and 
London, 1940) ,* “ The Merck Index ” (Merck 
& Co. Inc., Rahway, N. J., 5th ed., 1940 ) ; 
“ New and Non-official Remedies ” (American 
Medical Association, Chicago, Illinois, appears 
aimually) ; and (for dye names) ” Colour 
Index,” by Rowe (Society of Dyers and 
Colourists, Bradford, Yorkshire, England, and 
D. Van Nostrand Co., Now York, 1924). 

Industry tends to lag behind in the reform of 
chemical nomenclature, but there has been 
in^rovement in this respect in recent years. 

Spoken and Written Forms. — Sometimes 
names which are satisfactory for use when 
written or printed are not completely satis- 
factory as spoken words because pronunciation 
is identical with that of some other name. The 
words ” benzene ” and ” benzine ” provide an 
example and so do “ fluorene ” and fluorine.” 
This situation often results from changes in 
endings to conform with nomenclature rules. 
Benzene was previously called benzol. 

Conflicting usage is very common in the 
written form of organic names in that some 
authors use a single word without hyphens, 
as phenyldiethylcarbinol ; some hyphenate, as 
phenyl- diethyl- car binol ; and others split such 
names into parts, as phenyl diethyl carbinol. 
It is considered good practice to limit the use 
of hyphens in organic names to the attachment 
of position numbers, symbols, and the like, as 
l-tfec-butyl-4-iodobenzene and o>-amino-m-toluic 
acid. Some chemical names are properly single 
words whereas others are properly made up of 
two or more separate words. In an effort to 
help bring about better uniformity in practice 
in this respect and to provide other information 
useful in name construction, the following rules 

♦ In this Dictionary, Italicised words in inverted 
commas may be registered trade names.—EDiTOB. 


were adopted by the American Chemical Society 
in 1931 (Proc. Amer. Chem. Soo. 1931, 40-41) : 

1. When a hydrogen atom of a compound is 
substituted by another atom or group, the name 
of this compound may be retained as the root 
of the name for the substituted compoimd. In 
such names, the prefix (denoting the substituent) 
is to be directly attached to the root and not 
spaced from it. 

The position of monosubstituents is never 
labelled with compounds whose replaceable 
hydrogens are all equivalent, as methane, 
acetylene, benzene, hydrazine, carbinol, acetic 
acid, glyoxyhc acid, acetone, and arsine. With 
compounds which contain more than one type 
of replaceable hydrogen, such as toluene, aniline, 
propionic acid, benzoic acid, hydroxy lamine, 
acetophenone, and furan, ambiguity is avoided 
by labeUing the position of substitution with 
numerals or with such labels as ortho or o-, meta 
or WI-, para or p-, alpha or a-, omega or w-. 

Examples : 

diplienyhiiethanc 
chlorobcnzeno 
rlinicthylketen 
pheiiyliiydrazlno 
2-methyl-2-hexanol*' 
or 

methyl-2-hexanol-2 
or 

2-methylhoxanol-2 . 


and not diphenyl methane 
and not emoro benzene 
and not dimethyl keten 
and not phenyl hydrazine 
and not 2-methyl 2-hexanol 

and not methyl-2 hexanol-2 

and not 2-methyl hexanol-2 


♦. Whetlier the numerals should be “ fore " or “ aft ” 
or “ fore and aft " is at present a debatable question. 

la. ” Amine ” is regarded as a contraction of 
” ammonia,” and thus is used as the root to 
which the names of the substituents are directly 
attached as prefixes. This makes for tmi- 
formity with “ arsine,” “ aniline,” ” hydrazine,” 
etc., and distinguishes it from such names as 
alcohol, ether, or ketone which only represent 
types. Thus, methylamine is preferred to 
methyl amine, ethylenediamino to ethylene 
diamine, triphenylarsine to triphenyl arsine, 
A,A-dimethylaniline to A, JV- dimethyl aniline 
and p-tolylhydrazine to p-tolyl hydrazine. 

2. Since there is not a definite unsubstituted 
compound which is designated by alcohol, ether, 
or ketone, these terms are always used as 
separate words. 

Examples ; 

ethyl alcohol 
n-butyl alcohol 
dimethyl ether 

methyl ethyl ether and not methylethyl ether 
dimethyl ketone 

methyl ethyl ketone and not methylethyl ketone 
p-bromophenyl m-tolyl ketone 

3. If two words are used in naming aldehydes 
or nitriles, the first word is the same as the first 
word of the name of the corresponding acid. 
If, as is usually the case, one word is used for 
these names, the first word of the name of the 
acid is suitably altered to become a prefix. 
Usually, this alteration is a detachment of ic 
for aldehydes, as acetaldehyde, propionaldehyde, 
contractions of acetic aldehyde and propionic 
aldehyde, respectively. However, in naming 
benzaldehyde, oic has been detached. With 
nitriles, an o is usually introduced for euphony, 
as acetonitrile and butyronitrile, but the con- 
traction may go back to an o as propionitiile. 
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4. I'soCyanate is a separate word. Thus, 
CeHg-NCOis phenyl isocyanate. This practice 
is correct for esters in general. 

6. In naming motaUo-organic compounds, the 
alkyl groups should precede and be directly 
attached to the name of the metal. Thus, 
mothylmercuric iodide, diethylzinc, ethylmag- 
nesium bromide, tetraethyllead, and tetra- 
methylgormanium . 

Symbols and Abbreviations. — Symbols for 
substances pla}^ an extremely important r6Je in 
chemistry. The story of chemical symbols {cf. 
Hackh, Evolution of chemical symbols, J. 
Amer. Pharm. Assoc. 1918, 7, 1038-1042), which 
can only bo suggested in barest outline hero, 
constitutes a miniature history of this science. 

Egyptian inscriptions show hieroglyphics for 
gold, silver, copper, iron, and lead. The 
alchemists used symbols to denote a good share 
of the substances which they knew. Those were 
drawings, not letter symbols, and the same is 
true of the system of symbols worked out by 
Dalton, the originator of the atomic theory. His 
system was based on the circle as the con- 
ventional representation of the atom. 

The chemists of tho period of the antiphlogistic 
revolution were the first to invent signs founded 
on a reasonable principle the object of which 
was to indicate the compositions of substances. 
Their symbols were complicated, however. 

The first real step towards making chemical 
symbols an international language of chemistry 
W 61 S taken by Berzelius (Thompson’s Annals of 
Philosophy, 1813, 2, 443). His introduction of 
letter symbols and their use in the modern sense 
to denote proportions of elements in a com- 
pound constitute one of the great chemical 
contributions. Modem chemists still use his 
principle and most of his symbols. 

Chemical literature contains, besides chemical 
formulas, many symbols and abbreviations the 
meaning of which is not always self-evident or 
familiar. Lack of general agreement on physical 
and physicochemical symbols has caused a 
certain amount of confusion, and has led to 
efforts at standardisation (see “ Physical 
Chemistry,” below). A comprehensive list of 
both symbols and abbreviations has been pub- 
lished as Appendix 2 in E. J. Crane and A. M. 
Patterson, ‘‘ Guide to the Literature of 
Chemistry,” Wiley & Sons, New York, 1927. 

Inobganio Nomenolaturb. 

While organic chemistry far outstrips in- 
oi^anic chemistry in present-day active interest, 
as shown by the number of workers, published 
papers, and applications, the earlier chemists 
were primarily concerned with inorganic sub- 
stances and the beginning of systematic nomen- 
clature is really a chapter in inorganic chemistry. 
In 1770 Bergmann (” Meditationes de systemate 
fossilium naturali ”) proposed a new chemical 
nomenclature which has some suggestion of 
system, but to Guyton de Morveau (J. physique, 
1782, 19 , 310, 382; Ann. Chim. Phys, 1798, [i], 
25 , 205) belongs the credit of maMng the first 
attempt towards a convenient chemical nomen- 
clature.' Guyton de Morveau’s beginning led to 
the publication in 1787 of “ M4thode de Nomen- 
clature Ohimique,” by de Morveau, ^Lavoisier, 


Bertholet, and de Fourcroy, a landmark in the 
development of chemistry. These chemists may 
be regarded as forming the first chemical nomen- 
clature committee, and they did their work so 
well that their general plan is still followed. 
They brought order out of chaos. Lavoisier 
writes of the need for reform, de Morveau ex- 
plains the })rinciplcs of the new nomenclature 
method, and do Fourcroy explains the extensive 
tabular listing of old and proposed new names. 

do Morveau and Lavoisier were probably in- 
fluenced by the then recently announced system 
of Linnaeus for naming plants and animals. 
This involvHMi the use of a generic and a specific 
name (two words) in place of the clumsy method 
of naming previously in use. 

The princijlk|p wore laid down that every sub- 
stance is to be regarded as an element until 
proven to be otherwise and that the name of a 
compound is to exhibit the elements and as far 
as possible tho relative proportions thereof. 
The new nomenclature was based principallj^ on 
the combinations of oxygen with other elements. 
Tho product of the union of a simple substance, 
generally non-metallic, with oxygen was called 
an acid. Tho product of tho union of a metaUio 
substance with oxygen was called an oxide. A 
salt was tho product of the union of an acid and 
an oxide. The union of a metallic substance 
with sulphur or phosphorus produced a sulphide 
or a phosphide, respectively. TJie acids or 
oxides were given names of which the generic 
part was the word “ acid ” or “ oxide ” and the 
specific part was an adjective derived from tho 
other element in tho compound. Tims, one of 
the products of the union of sulphur with oxygen 
was called sulphuric acid and a product of lead 
with oxygen was called lead oxide or plumbic 
oxide. The same principle supplied names for 
sulphides, phosphides, and, later, chlorides. 

But some substances combine with oxygen to 
produce more than one acid or oxide. These 
were distinguished by an alteration of the 
termination of the specific name, or by the 
addition of a Greek prefix. Sulphur, for 
example, combines with oxygen to produce 
acids of various degrees of sulphur oxidation, 
which were designated by the terms sulphuric, 
sulphurous, or hyposulphurous acid ; lead forms 
raoi-e than one oxide, indicated by the terms 
lead protoxide and lead dioxide. 

In names adopted for salts the generic part 
was derived from the acid, and the specific from 
the metallic base. Thus, the product of the 
union of lead oxide with sulphuric acid was 
called lead sulphate or plumbic sulphate. To 
indicate the salts of acids with variously oxidised 
sulphur, the termination was varied. The salts 
of sulphuric acid were sulphates, those of sul- 
phurous acid, sulphites ; the salts of nitric acid 
were nitrates, those of nitrous acid, nitrites. 

It will be noted that the use of significant 
endings in chemical nomenclature goes back 
as far as this first real systematisation. It will 
be noted also that long before the theory of 
electrolytic ionisation was introduced names 
were invented which have proved suitable for 
the designation of a positive and a negative part 
of a compound. 

There was some early confusion in distin- 
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guishing between oxides (acid anhydrides) and in -ino; thus, MeC (:N H)OEt, ethyl imido- 
acids and it is still the practice of some chemists acetate; HgN-CHg-CHg'COgH, j3-amtwopro- 
to speak of such oxides as acids. It is not un- pionic acid (not amtWopropionic acid) ; 
common, for example, for carbon dioxide to be PhNii-i.rw .rw .rn m 

referred to as “ carbonic acid ” and for silica to 2 2 2 » 

be called “ silicic acid.” j9-anihViopropionic acid; CHg’C (:N H)C02H, 

In addition to his contribution of the modern a-immopropionic acid, 
type of chemical symbol, Berzelius, starting in 6. Hydroxy-, not oxy-, should be used in 
1811 (J. physique, 73, 258), did much to extend designating the hydroxyl group; as hydroxy- 
and amplify the nomenclature introduced by de acetic acid, HO-CHg-COgH, not oa:yacetic acid. 
Morveau and Lavoisier. He divided the ele- Ktto- is to be preferred to oxy- or 0 x 0 - to 
ments into the metalloids and metals ac;(;ording designate oxygen in the group — CO — . 
to their electrochemic'al character and the 7. The term tUitr is to be used in the usual 
positive oxygen compounds into suboxides, modern acceptation only and not as an equi- 
oxides, and peroxides. His corresponding valent of 

division of the acids, designatc'd aca-ording to 8. 8alts of organic bases with hydrochloric 
degree of oxidation, has been little altered since, acid should be called hydrochlorides (not hydro- 
His method of d(‘signating the chlorine (*om- chlorates nor chlorhydratcs). Similarly hydro- 
pounds corresponded to that for the oxides so bromidt* and hydroiodide should be used, 
that such names as Bubchlorid(‘, chloride, and 9. German-names ending in -it should be trans- 
perchloridc resulted. Berzelius tried to apply lated -ite rather than -?7, as permutihj. If it 
the same principles in the naming of organic seems desirable to retain the original form of a 
compounds, but not enough was known about trade name it should be placed in quotation 
them then for a rational nomenclature to be marks, as “ Perinutit.” Alcohols such as 
devised. dulcitol (German Dulcit) are exceptions. 

In 1834 Liebig advam^ed the idea of so-called 10. German names of acids should generally 
” polybasic ” acids and this led to further be translated by substituting -ic acid for 
nomenclature developments. ” -sdure.'' 8ome well-established names are 

International Nomenclature Rules. — exceptions, as Zuckersauro (saccharic acid). 
As chemi('al knowledge increased and the Milchsiiure (lactic acid), Valeriansaure (valeric 
number of known compounds multijdicd and acid), etc. For a few well-established names it 
were named or spoken of by an increasing is correct to translate “ -insaure ” -ic acid instead 
number of individuals it is only natural that of -inic acid. E.y., Acridinskure is acridic acid, 
discrepancies in practice should grow in number. Names ending in “ carbonsaure ” are to be trans- 
In 1923 the Nomenclature Committee of the lated -carboxylic acid (not carbolic acid). 

British Chemical Society and that of the These rules have been widely followed and are 
American Chemical Society agreed on ten rules still to be recommended as a guide, although they 
covering some of the more commonly disputed cover the ground only partially and there has 
points. Sonui of these relate to endings which been some duplication of the points made in 
have a classification significance. Those rules, later rules issued by the International Union of 
which grew out of some directions to authors Chemistry. It has seemed best to report these 
issued by the Journal of the Chemical Society rules here as a unit even though they have a 
follow : bearing on both organic and inorganic chemistry. 

1 . In naming a compound so as to indicate In view of the international aspect of chemical 

that oxygen is replaced by sulphur the prefix nomenclature it is but natural that one of the 
Ihio and not sulpho shoiild be used (sulpho objectives of the International Union of 
denotes the group SO3H); thus, HCNS, Chemistry (originally called the International 
Mmcyani(' acid; H3ASS4, thioarsenic acid; Union of Pure and Applied Chemistry) should 
Na^jSgOg, sodium Joosulphato ; CS(NH 2 ) 2 » be nomenclature standardisation and that it 

thiourea. The only use of thio as a name for sul- should appoint commissions and working com- 
phur replacing hydrogen is in cases in which mittees on nomenclature soon after its organisa- 
the sulphur serves as a link in compounds not *tion in 1919. kSeparate commissions were 
suitably named as mercapto derivatives ; thus, appointed for inorganic chemistry, organic 
H 2 N*CgH 4 *S-CgH 4 *N Hg, thiobisaniline. Hypo- chemistry, and biological chemistry. Following 
sulphurous acid, not hydrosulphurous acid, earlier French and German committee reports, 
should be used to designate H2S2O4. the first report of the Committee for the Reform 

2. The word hydroxide should be used for a of Inorganic Chemical Nomenclature was 
compound with OH and hydrate for a com- written in 1926 by Marcel Delepine and issued 
pound with HgO. Thus, barium hydroxide, as a separate by the International Union. This 
Ba(OH) 2 ; chlorine hydrate, Cl2,10H2O. was later published in Bull. Soc. chim, 1928, 

3. Salts of chloroplatinic acid are chloro- [iv], 43, 289 and elsewhere. There have been 
plcUinates (not platinichlorides). Similarly salts several reports as the work of the committee has 
of chloroauric acid are to be called chloroaurates. progressed under W. P. Jorissen as chairman, 

4. Hydroxyl derivatives of hydrocarbons are but it was not until 1940 that a matured and 
to be given names ending in -ol, as glycerol, widely accepted report appeared (Ber. 1940, 
resorcinol, pinacol (not pinacone), mannitol (not 78 [AJ, 53-70 ; J.C.S. 1940, 1404-1416 ; J. Amer. 
mannite), pyrocatechol (not pyrocatechin). Chem. Soc. 1941, 68 , 889-897). History will 

5. The names of the groups NHj, NHR, hardly record the year 1940 as one of general 
N Rj, NH, or N R should end in -ido only when progress in international co-operation ; never- 
they are substituents in an acid group, otherwise tholesa th!|^ 1940 report, a culmination of work 
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done, and in part reported, during the last two 
decades, is an outstanding accomplishment for 
improved and internationally standardised 
inorganic nomenclature. 

Much credit in the development of these rules 
is due to H. Remy, whose recommendations 
were published as a 64-pagc separate, and R. J. 
Meyer, whose report aj)pears in Chem. Weokblad, 
1930, 83 , 722-729 and in Helv. Chim. Acta, 
1937, 20 , 159-175. In view of its importance 
and of its practical usefulness in j)reaent-day 
chemical communication, the report, with some 
abbreviation and ])araphrasing, and with 
occasional comment in brackets by the authors 
of this article, is reproduced here as the most 
satisfactory way to survey approved usage. 

I.U.C. RULES F-OR NAMING INORGANIC 
COMPOUNDS. 

'J’ho aim of the Kiilcs is the unification of inorKanie 
chemical nomem'latnn' and the n'lnovai of names 
which arc out of date or im'orrf'ct. 


A. General. 

Names and I’ormiilie. — A cluMuical compound can 
he designated in two ways; (i) by means of tlie 
formula, (2) l)y moans of the naitic. 

(1) formula* should la* widely used in designating 
inorganic compounds since they providt' the simplest 
and clearest method of <loing this. Their significance 
is, moreover, the same in all languages and for brevity 
and saving of space they arc uiie((ualled. 

Formula’! are of particular use when dealing with 
complicated compounds. Their ust; must naturally 
be avoided in cases where any lUK^ertainty might be 
introduced. 

( 2 ) When giving names to compounds there are two 
possibilities ; (a) systcuuatic names, (b) trivial names. 

(a) In the case of s.ystematic names it is not always 
necessary to indicate stoicheiomctri(; proportions in the 
names, because a glance at the formula shows at once 
the quantitative and atomic composition. 

In many cases sufficient abbreviation of the syst(‘- 
matlc name can be secured by ondttirig all numliers, 
indications of valency, etc., which are not m^iMied in 
the given circumstances. For instance, indication of 
the valency or atomic proportions is generally not 
required with compounds of elements of essentially 
constant valency. 

Examples : Aluminium sulphate instead of aliiml- 
nium(lll) sulphate ; potassium chloroplatinate in- 
stead of potassium hexachloroplatinated V) ; potas- 
sium cyanoferrate(II) instead of potassium hexax'.yano- 
ferrate(ll) ; potassium cyanoferrate(lll) instead of 
potassium hexacyanoferrate(IIl ) (see p. d 03 a). 

(b) Distinction must be made betw'cen : (aa) pure 
trivial names, (bb) incorrectly formed names. 

(aa) Pure trivial names are those which are free 
from false scientific significance or other wrong indi- 
cations'; Examples are saltpetre, caustic soda, quick- 
lime. The use of such pure trivial names is per- 
missible. 

(Itb) Incorrectly formed names are those which were 
originally constructed to bring out certain ideas on 
the composition or constitution of the comi)ouiids in 
question, but which are now contrary to present views 
and knowledge. Such names are sulphate of magnesia, 
carbonate of lime, nitrate of potash, acetate of alumina. 
Their use is widespread, but scientifically tliey are in- 
correct. 

Such names should not be used in any circumstances. 

B. Binary Compounds. 

I. Position of Constituents In Names and Formulae. — 

The electropositive constituent should always be put 
first in the formula and in the name whenever it is 
recognisable from the character of the compound — as 
in salts or salt-like compounds. The name of the 
electronegative constituent is given the teimination 
-ide. In the case of nonpolar compounds and of those 
in whiph it is not known which constituent in the com- 
pound Is to be regarded as electropositive, that consti- 
tuent should be placed first which has the more 
electropoidtive character in the free oonditian. 


Examples : Sodium chloride, silver sulphide, lithium 
hydride, boron carbide, oxygen difluoride. 

^ The above rule summarises the customary usage in 
English and (irerman. Exactly the opposite applies 
in French and Italian so that in these languages the 
order of constituents in formula? will also be just the 
opposite to that wblcliis correct in English and (Jermaii. 
Such differences are due to the \-ery nature of the several 
languages and cannot be eliininateci. Names arti also 
in use in .some languagt‘8, particularly (lerman, which 
are (jbtaiiH'd by simple juxtaposition of (he separate 
names of the constituents without any U'rtnination. 
Example : ( 'hloi waH.sf>rstolf. 

II. Indication of the Proportions of Constituents. — 
There are two possible ways of indicating the jiropor- 
tions of the consUtuents in chemical compounds, it 
can he done: (i) by imlicating the ^ alency, (2) by 
giving the stoicliciomcl ric comia^sitifui, or the functional 
nature. 

(I) Judication of the elect roclu rnical valency in the 
names of <‘ompuunds should he made only liy Htock’s 
method. 'I'liis is done by means of Roman figures, 
placed in |mrenthcH<‘s ami following, without hyphen, 
immediately after tlu' names of (he (dements to which 
they r('fcr. 

Examples: CuCI (ioiijicrd) cliloridc. 

CuCl2 ( !oi>iku'( 11 ) cliluridc. 

FeO i ron(Il ) oxide. 

Fe,04 Jrondl, Hi) oxid(‘. 

Th(‘ system of vahmey indi(*ation by terniiiiathms 
such as -ons, -ic (ferrous, lerrie) which was jireviously 
in us(‘ has jiroved nnsatislaet-ory and should now’ he 
avoid(*d not only in scientific but also in b’clmical 
w'liting. [It is not lilody that cla'inists will give up 
entindy tlu' use of -ons and -i(* ctidings for such com- 
pounds and it seems siiitahh' to regard some of these 
nil(‘s as alternatives so long as the older nomenclature 
is complet(dy (d(air. Eor examph*. cuprous cliloride 
and cupric, (ddoridc for CuCI and CuCl2, respectively, 
are liktdy to he retained in giunual usage, hut the 8tock 
method should, and prohahi.? will, come into use in 
d(*aliiig with eomjiounds involving more than tw^o 
valency stages of oiu' element, such as the halides of 
vanadium, molybdenum, and tungsten, tor the -ons 
and -ic endings are then inadeciuate and lack signifl- 
eanc(>, ('vem when additional valency stages are repre- 
.seiited in other ways as by t(‘rms like mcrcuro.s/V, 
ferntsoU'vrie, hifjmy'ainxdons, and p(Ymangan(>^/..v. ] If 
the valency rna’dR to be shown in formula' or wdieii 
using symbols bjr the ('Icments, then tiu' Jfoman 
figure's slioiild b(' placed just above the ujqeroprlate 
symbols on the right-liand side*. 

Examjfb's : Cu' .salts. 

Fe'* eomjiounds. 

( 2 ) Indication -of th(' stoic, liciomctric composition 
shoidd ho made by means of Orci'k nuuH'rical jin'ttxes 
which should jirccc'de, without hyjihen. the (constituent 
to W’hich t.hey refer. 1'his method of sliow'ing the 
comjKKsition in naim's instead of by imnin.s of the 
vah'ncy is customary more csjK'cially with nonpolar 
eomjiounds. It. is also in(]l(!at('d in cases when', tlie 
comjiosition differs from that to be cxi)(*ct('d from the. 
usual valency or in those' in wdiich the elcctnjchemical 
valency is unknown. 1'he jircftx “mono” can 
generally lie omittral ; H shoidd be indicated by 
“ oeta,” I) liy “ennea.” (Jreek jirefixes above 12 are 
r(‘i»la(!('d liy Arabic flgnn's (without liyjilK'u) us tlucy 
arc mor(' (!'asily undeustood. Arabic figures are also 
used for indicating tractions of mohccules, although 
J can also iic expressed by ” hemi.” The functional 
system of naming compounds can be cnqiloyed instead 
of the stoieheiomet.ric. This is usc'd more particularly 
in Frtench. 

Examples : 

Stoicheiometric sysb'in. Functional system. 

N2O I Hiiitrogeii (mon)oxide. 

NO Nitrogim o.xide. 

N-.O3 Dinitrogen trioxide. Nitrous anhydride. 

N<^ Nitrog('n dioxide. 

N2C54 Dinitrogen tetroxide. 

N2O5 DinitTogen pentejxide. Nitric anhydride. 

Ag2F Disilver fiuoridc. 

Fe(CO)4 Iron tetracarlxiuyl. 

Fe52 Iron disulphide. 

The formula is to be preierred to an awkward name, 
thus Nai2Hgi3, not 12 sodium 13 mercuride, 



600 


NOMENCLATUEE AND LITERATtJRE, CHEMICAL. 


Out of date and superfluous terms such as Oxydul, 
Sulfur, Cyantir, Chlorlir, etc., for compounds of lower 
valency stages, should vanish from the German 
language, both because they lack precision and because 
of the way In wliich many of these terms are used in 
French. 

III. Designation of Intermetallic Compounds. — ^Inter- 
metallic compounds do not follow the usual laws of 
constant composition and must often be regarded 
rather as phases having a range of existence over which 
they are more or less homogeneous. There is lacking, 
at present, a clear understanding, and grouping to- 
gether, of the laws which govern this class of com- 
pounds, so that any attempt at a rigid system of 
nomenclature would be premature. 

For tills reason the use of names for intermetallic 
compounds should be avoided and formulse alone 
should be used in all cases ; these formulas should give 
the exact numbers of atoms if possible. A simpllfled 
formula wliich represents the compound in a satis- 
factory manner can be used in those cases where either 
the exact number of atoms cannot be stated or where 
an intermetallic compound has a wide range of com- 
position, To avoid any danger of confusion with a 
compound of definite comj)08ition, a bar should be 
placed over the formula to show that the comiiosition 
is variable. 

Example : AuZn occurs as jS-phasc in the system 
Au-Zn as an intermetallic compound with properties 
which differ from those of the components Au and Zn. 
It is homogeneous over the range of 41-58 atom % Zn, 
BO that all formula} Au59Zn4] to Au42Zn^ would be 
correct. The shortened fonn AuZn or AuZn may be 
used. 

Compounds such as AuZn which do not have a 
constant composition should he called “ non-I)altoiiian” 
compounds to distinguish them from “ Baltoiiiaii ” 
compounds of constant composition. 

IV. Indicating the Mass, Atomic Number, and State of 
Ionisation on the Atomic Symbols. — When dealing 
with nuclear reactions, the ordinary representation of 
an element by the plain symbol is not sufficient. The 
latter must lie expanded so as to show the atomic mass 
and atomic number. , 

An index on the right and below the symbol is 
already used to show the stoicheiometric proportion, 
while another on the right above the symbol shows the 
state of ionisation. The corresponding positions on 
the left are available for the atomic number and mass. 

We then have : 

right lower index . . . the number of atoms 

right upper index . . . the state of ionisation 

left lower index . . , the atomic number 

left upper Index . . . the mass 

Example : 


Tills represents a singly ionised clilorine molecule 
CI2, each atom of which has the atomic number 17 
and mass 35. 

The following is an example of an equation for a 
nuclear reaction : 

^jMg-h jHe ?SaI+Jh. 


“alkali” or “alkaline earth” as an abbreviation for 
“ alkali metal” or “ alkaline earth metal” is general 
and permissible, e.g., alkali chlorides. 

In German “ Kohlen- ” is permissible as an abbrevia- 
tion for “ Kolilenstoff ” in many carbon compounds. 

C. Ternary Compounds, Quaternary Compounds, etc. 

The preceding rules which have been developed for 
binary compounds are valid, when suitably extended, 
also for compounds of more than two elements. 

Radicals having special names are treated like the 
elementary constituents of a compound when con- 
structing names. 

[ Examples : NH4CI Ammonium chloride. 

KCN Potassium cyanide, 

Fe(SCN)3 Irondll) thiocyanate. 

Pb(N3)2 Lead azide. 

If several electropositive constituents are combined 
with one electronegative, then the rule holds that the 
most electropositive constituent is to be placed first, 
just as in the case of binary compounds. Similarly if 
a compound contains several electronegative consti- 
tuents these should be placed, both in the name and 
in the formula, in order of increasing electronegative 
character so far as tills Is possible. [The use of an 
alphabetic order instead of the order of increasing 
electronegativity for compounds conJ,alning several 
electronegative constituents is sometiraes preferred, 
on account of its simplicity.] 

Sidphur replacing oxygen In an acid radical should 
always be Indicated by “ thio ” {see under D), so that 
compounds of the radical SCN should be called “ thio- 
cyanates ” not Bulpliocyanatcs and not sulpho- or thio- 
cyanides. 

Names such as the following are permissible for 
mixed salts ; lead chloiofluorlde, lead sulphochloiide. 
[Instead of names like lead clilorofluoride (for PbCIF), 
names of the type "lead chloride fluoride ” are some- 
times preferred.] 

The terms alumlno-, boro-, beryllo-, etc., silicates 
should only be applied to silicates which contain Al, 
B, Be, etc., replacing part of the Si. 

Examples : 

Orthoclase, K[AIS130 b], 1b an aluminosilicate (potas- 
sium aluminotrisilicate). 

Spoduinene, LlAI[Sl206], is an aluminium silicate 
(lithium aluminium dlsUicate). 

Muscovite, KAl2tAISl30,^(0H)2, is an aluminium 
aluminosilicate. 


D. Oxygen Acids. 

Well-established names for the majority of the im- 

{ )ortant simple oxygen acids have been in use for a 
ong time, and their alteration Is neither desirable nor 
necessary. It is only necessary to consider a number 
of cases in which uncertainty or confusion has arisen 
in the course of time owing to the employment of some 
names which are incorrect. 

In the following tables are shown the names which 
should be used for the njore important acids of sulphur, 
nitrogen, phosphorus, and boron as well as their salts. 


[Chemists and physicists in America have established the 
custom of placing the atomic weight In the upper right- 
hand corner. Physicists naturally feel less hound by 
rulings of the International Union of Chemistry than 
do chemists. Physicists do« much of the work In- 
volving such symbols and thus far they have not con- 
sented to change. This leaves American chemists 
confronted with the dilemma of breaking away from 
the practice of their colleagues in physics or of failing 
to observe this international ruling.] 

V. Group Names. — C^ompounds of the halogens are 
to be called halogenides (not haloids nor halides), while 
the elements oxygen, sulphur, selenium, and telluriiim 
may be called ehalcogem and their compounds chal- 
cogenides. [This choice of halogenides over halides is 
somewhat unpopular, as the shorter word is well 
established and seems unobjectionable.*] 

The alkali metals should not be called “alkalies” 
or the alkaline earth metals “ alkaline earths,” since 
these names are old-fasliloned terms for the oxides of 
these metals and should be avoided in scientific lan- 
guage. If compounds are concerned, the use of 

* In the English nomenclature the use of the term 
halogenides Is not enforced, and the term ehalcogmides 
is not used. 


Formula. 


H2SO2 

H2S2O4 

H2SO3 

H2S2O2 

H2S2O5 

H2SO4 

H2S2O3 

H2S2O7 

H2SO, 

H2S2O6 
H 2 S ,06 
(x-8, 
4, etc.) 
H2S2O8 


H2N2O2 

HNO3 

HNO4 


Acid. 


Salt. 


Acids and Salts of Sulphur. 


Sulphoxylic acid. 
Dithionous acid. 
Sulphurous acid. 
Thiosulphurous acid. 
Pyrosulphurous acid. 
Sulphuric acid. 
Thiosulphurlc acid. 
Pyrosulphuric acid. 
Peroxy(mono)8ul- 
phuric acid. 
Dithionic acid. 
Polythionic acids. 


Sulphoxylate. 

Dlthlonite. 

Sulphite. 

Thiosulphite. 

Pyrosulphite. 

Sulphate. 

Thiosulphate. 

Pyrosulphate, 

Peroxy(mono)8ul- 

phate. 

Dlthionate. 

Polythionates. 


Peroxydlsulphurlc Peroxydlsulphate. 
acid. 


Acids and Salts of Nitrogen. 


Hyponltrous acid. 
Nltroxyllc acid. 
Nitrous acid. 
Nitric aci(L 
Peroxynitric acid. 


Hvponltrlte. 

Nitroxylate. 

Nitrite. 

Nitrate. 

Peroxynitrate. 
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Formula. 

H3PO2 

H3PO3 

H 4 P 2 OS 

H 4 P 2 O 6 

H3PO4 

H 4 P 2 O 7 

HPO3 

H3PO5 

H 4 P 2 O 8 


H3BO2 

H4B2O4 

H 2 B 4 O 7 


Acid. 


Balt. 


Adda und Salts of Phosphorus . 
Hyp^hosphoroua Hypophosphite, 


Phosphorous acid. 

Pyrophosphorous 

acid. 

Hyiiophosphoric 

acid. 

(()rtho)phoaphoric 

acid. 

Pyrophosphorlc 

acid. 

Metaphosphoric 

acid. 

Peroxy(mono)phos- 
phoric acid. 


Phospliite. 
Pyrophosphite. 

Hypophosphate. 

( ()rtho)phosphate. 

Pyrophosphate. 

Metaphosphate. 

Peroxy(mono)pii08- 
phate. 

Peroxydiphosphoric Peroxydiphosphatc. 
acid. 

Acids and Salts of Boron. 

Borous acid. — 

Hypoboric acid. Hypoborate, 

Orthoboric acid. Orthoboratc. 

Mctaboric acid. Metaborate. 

Tetraboric acid Tetiaboratc. 


For other polyhoric acids, see under F. II. [Decisions 
made on the six following points arising out of the 
above tables are explained in some detail in the report. 
The notes to 3 and 5 are of special interest.] 


1 . H2S2O4 

2 . H 2 S 2 O 3 

3. H 2 SOJ 

4. H 2 NO 2 
6. H2B4O7 
6. H2PO3 


Dithionous acid, and not Aj/i^rosul- 
phuroMs or /ij/posulphurows acid ; 
salts are dithionites. 

5fAio8iilphuric acid, and not hppoBUl- 
phurous acid ; salts are tliiosul- 
phates. 

Peroxymoti oBuJphuric acid, and not 
Pfrsuliiliimc acid. 

Nitroxylie acid, and not hydroniiTous 
acid ; salts arc nitroxylates. 

Tetrahoiic acid, and not vvrohovic 
acid ; salts arc tetraborates. 

Salts to be called hypophosphates. 


[Some are delaying in the adoption of “ dithionous 
acid " for H 2 S 2 O 4 since there is some doubt as to 
whether this compound is symmetrical.] 

Note to 3 : A distinction must be made between 
those acids or salts which are derived by substitution 
from hydrogen j)eroxide and in consequence contain 
peroxidic oxygen — O — O — and those which are 
derived from the highest oxidation stages of some 
elements and are free from peroxidic oxygen. The 
last-named are correctly called per salts (such as 
NaCI04, KMn04). 

The first group, such as RiSaOg and R3PO5, must be 
separated from the genuine per salts and called peroxy 
salts, the corresponding acids being peroxy acids. 


Examples : H 2 SO 5 Peroxymonosulphuric acid. 

H 4 P 2 O 8 Peroxydiphosphoric acid. 
NH4BO3 Ammonium peroxyborate. 


Examples : H 2 CS 3 Trlthlocarbonic acid. 

Na 3 SbS 4 Trisodium tetrathioantimon- 
ate (sodium thioantimonatc 
for short). 

The group tH 301 '’'. — When the hydrogen ion is con- 
sidered to occur (in aqueous solution or in a compound) 
in the form it is advisable to call it the hydro- 

nium ion (not hydroxonium ion). 


E. Salts. 


I. General. — Salts should always be named so that 
the name of the metal or electropositive radical pre- 
cedes that of the acid radical which carries the termina- 
tion -ate, -ite, or -ide. 

Examples : Silver nitrate, magnesium sulphate, 
calcium carbonate, sodium nitrite, iron sulphide, 
jiotassium cyanide. 

Names such as " nitrate of silver,” ” sulphate of 
magnesium ” are permissible, but the use of the name 
of the metal oxide in place of that of the metal, e.g. 
“sulphate of magnesia,” “carbonate of lime,” etc., 
is definitely wrong, and should not be employed (see 
A.). 

In the case of mixed or double salts the rules given 
under C should be applied. 

Examples : KNaC 03 Potassium sodium carbon- 
ate. 

KCaP 04 Potassium calcium phos- 
phate. 

NH 4 MgP 04 Ammonium magnesium 
phosphate. 


Salts of nitrogen compounds, if regarded as co- 
ordination compounds like ammonium cliloride, 
NH4CI, are to be designated as “ -onium ” or “ -inium ” 
compounds. 

Examples: Tctramethylammonium chloride, hydr- 
arinium chloride, pyridiniuin chloride. 

If, however, the nitrogen compounds are regarded as 
addition compounds, then the rules derived for these 
will apply (see F. V). 

II. Acid Salt! (Hydrogen Salts). — The rational 
names for acid salts are formed by using “ hydrogen ” 
for the hydrogen atoms which they contain. The 
hydrogen is to be named last of the electropositive 
constituents. 


Examples : KHSO4 
NaHCOs 
Na2HP04 
NaH2P04 


Potassium hydrogen sul- 
phate. 

Sodium hydrogen carbon- 
ate. 

Dlsodium hydrogen phos- 
phate. 

Sodium dihydrogen phos- 
phate. 


Id complicated cases use formulie. 

Examples: 4 K 2 S 04 , 3 H 2 S 04 *»KbH 6 (S 04)7 rationally: 

Octapotassium hexahydrogen hepta- 
sulphatc. 

5 K 2 S 64 , 3 H 2 S 04 -K 5 H 3 (S 04)4 rationally : 
Pentapotassium trihydrogen tetra- 
sulphate. 


In the same way the oxides derived from H 2 O 2 should 
be called peroxides, and not superoxides or hyperoxides. 

Note to 6 : The prefixes “ ortho,” “ meta,” and 

pyro *’ are used generally in the sense that the term 
“ ortho ** is applied to the most hydroxy lated acid 
known either in the free state or as salts or esters. 

Examples : H3BO3 Orthoboric acid. 

H4CO4 Orthocarbonic acid. 

H4SIO4 Orthosilic acid. 

H3PO4 Orthophosphoric acid. 

H6T«06 Orthotolluric acid. 

H 3 IO 6 Orthoperiodic acid. 

The pyro and meta acids are derived from the ortho 
acids by removal of water in stages, Pyro acids are 
those which have lost 1 molecule of H 2 O from 2 mole- 
cules of ortho acid. (Examples : H 2 S 2 O 7 , H 2 S 2 O 3 , 
H4P2O7, H4P2O5.) Tibs rule does not ^ply, however, 
to the polyhoric acid H2B4O7 (“»2B203,H20) which 
contains less water than metaboric acid, HBO 2 
(•■B 203 ,H 20 ), To avoid breaking the rule the acid 
H2B4O7 should not be called “pyroboric acid,” but 
“tetraboric add” in agreement with the proposals 
for the naming of isopoly acids (see F. II). 

RspUussmmt of O by S. — ^Acids which are derived 
ftom oxygen acids by replacement of O atoms by 
S atoms are to be called thio acids, their salts thio salts. 


If it is desired to emphasise the type of compound 
rather than its composition, the term add salts (mono- 
acid, diacid, etc.) can be used as W’ell as such expres- 
sions as primary, secondary, tertiary salts. Designa- 
tion in terms of the acid : base ratio by means of ” bl ” 
is not in agreement with the fundamental principles of 
rational nomenclature. It Is therefore wrong to say 
“ bicarbonate,” “ bisulphate,” “ bisulphite.” 

III. Basic Salts. — Basic salts which can be shown to 
contain hydroxyl groups and which can be considered 
and named as addition compounds of hydroxides to 
neutral salts arc called hyd/roxy salts. 

Example: Cd(OH)CI Cadmium by droxychloride. 

When the hydroxy group is bound In a complex com- 
pound Werner's system of notation should be used, 
according to which the hydroxyl groups are designated 
hydroxo or ol groups. Basic salts in which there are 
oxygen atoms as well as acid radicals attached to the 
metal are called oxy salts. If they contain radicals 
with special designations, names derived from these 
can be employed. 

Examples : BIOCI Bismuth oxychloride or bls- 
muthyl chloride. 

U 02 (N 03)2 Uranlum(Vl) dioxynitrate 
or uranyl nitrate. 
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Empirical 

Name formation 
by Greek numerical 

Resolved 

Name formation 
by base anhydride: 

Present customary 

formula. 

prefixes. 

formula. 

acid anhydride ratio. 

name. 

NajBOj 

Trlsodium (inono)- 

Borates. 

3Na20,B203 

Sodium (3:1) borate 

Orthoborate. 

Na4B205 

borate. 

I’etrasodium diborate. 

2 Na 20 .B 203 

Sodium (2:1) borate. 

Pyroborate. 

NaB02 

Monosodium (mono)- 

Na 20 ,B 203 

Sodium (1:1) borate 

Metaborate, mono- 

Na2B407 

borate. 

Diaodium tetraborate. 

Na20,2B203 

Sodium (1:2) borate. 

borate. 

Tetraborate, pyro- 

NaBjOj 

Sodium triboraie. 

Na20.3B203 

Sodium (1:3) liorate. 

borate. 

Hexaboratc, tri- 

Na2B80i3 

I )iHodiu m oetabora te . 

Na20,4B203 

Sodium ( 1 :4) borate. 

borate. 

Octabiirate, tetra- 

NaBjOs 

Sodium pentaborab'. 

Na20,5B203 

Sodium (1:5) borate. 

borate. 

Deeaborate, penta- 

Na2Bi20i9 

Diaodium dodeca- 

Na 20 , 6 B 203 

Sodium ( 1 : 6 ) lioratc. 

borate. 

Dodecaborate, hexa- 

Na 4 Si 04 

borate, 

Tetrasodiiim (mono)- 

Silicates. 

2 Na 20 ,Si 02 

Sodium (2:1) silicate. 

boratt^. 

Orthosilicate, 

Na 6 Si 207 

silieate, 

Hexasodium disilicale. 

3Na20.2Si02 

Sodium (3:2) silicate. 

Pyrosilicate. 

NasSijOio 

(J eta sodium t l isilieati*. 

4Na20,3Si02 

Sodium (4:3) silicate. 

Pyrosilieatc, 

NajSiOj 

Diso(iiiim (moiio)- 

Na 20 .Si 02 

Sodium (T.l) silicate. 

Mctasllicate. 

Na6Si40n 

silicate. 

Hexasodium tetra- 

3Na20,4Si02 

Sodium (3:4) silicate. 

Metasilicatc. 

Na 4 Si 30 |, 

silicate. 

Tetrasodiiim trisilieate. 

2Na20.3Sl02 

Sodium (2:3) silicate. 

Metasilicate. 

Na 2 Si 30 ; 

Disodium trisilieate. 

Na20,3Sl02 

Sodium (1:3) silicate. 

MctasiJicate. 

Na 2 Mo 04 

Disodium (mouo)- 

Molylxlates. 

Na 20 ,Mo 03 

Sodium (1:1) molyb- 

Normal molybdate. 

Na 2 Mo 207 

molybdate. 

Disodium dimolyb- 

Na 20 , 2 Mo 03 

date. 

Soilium (1:2) molyb- 

Dimolybdate. 

NaioMoi204i 

date, 

Decasodium dodeca- 

5Na20,l2Mo03 

date. 

Sodium (5:12) molyb- 

Paraniolybdate. 

Na2Mo30jo 

molybdate. 

Disodium trimolyl»- 

Na20,3Mo03 

date. 

Sodium (1:3) molyb- 

IT’imolybdate. 

Na2Mo40i3 

date. 

Disodium tetramolyb- 

Na20,4Mo03 

date. 

Sodium (1:4) molyb- 

Tetrainolybdate. 

Na2W04 

date, 

and so on up to Na 20 , 

I'lingstates. 

Disodium (mono)- Na 20 ,W 03 

date, 

I 6 M 0 O 3 . 

Sodium (1:1) tungstate. 

Normal tungstate. 

Na4W30,i 

tungstate. 

Tetrasodiiim tritung- 

2Na20,3W03 

Sodium (2:3) tungstate. 

Normal tungstate. 

Na2W207 

state. 

Disodium ditungstatc. 

Na.O,2WO, 

Sodium (1:2) tungstate. 

Ditungstatc. 

NaioWi204i 

Decasodium dodeca- 

5Na20.12W03 

Sodium (5:12) tung- 

Paratungstate. 

Na2W30,o ' 

tungstate. 

Disodium tritungstate. 

Na.0,3W03 

state. 

Sodium ( 1 :3) tungstate. 

Tritungstate. 
Tetratuiigstate (with 

Na2W40i3 

Disodium tetratung- 

Na20.4W03 

Sodium 0:4) tungstate. 

Na2W8023 

state. 

Disodium octatung- 

Na 20 , 8 W 03 

Sodium ( 1 : 8 ) tungstate. 

wat-er metatung- 
state). 

Octa tungstate. 

Na3V04 

state, 

Trisodiiim (niono)- 

Vanadates. 

3Na20.V203 

Sodium (3:1) vanadate. 

Normal ortliovana- 

Na4V207 

vanadate. 

Tetrasodium divana- 

2 Na 20 ,V 205 

Sodium (2:1) vanadate. 

date. 

Pyro vanadate. 

NaVOs 

date. 

Sodium (mono)vana- 

Na20,V205 

Sodium ( 1 : 1 ) vanadate. 

Metavanadate. 

Na2V40ii 

date. 

Disodium tetravana- 

Na 20 . 2 V 205 

Sodium (1:2) vanadate. 

Tetravanadate. 

NaVjOg 

date. 

Sodium trivanadate. 

Na20,3V205 

Sodium (1:3) vanadate. 

Hexavanadate. 


For oxygen atoms bound in a complex, the Werner 
notation applies and the oxygen atoms are to be called 
0 X 0 atoms. [It may Bometinics be diihcult to know 
when to use radical names, when oxy- names, and 
when to use simply the word. “ basic ” as an adjective 
preceding a name. Chemical Abstracts uses chromyl, 
nitrosyl, nitryl, phosphoryl, sulfuryl, thionyl, thio- 
phosphoryl, thoryl, uranyl, and zirconyl.J 

F. Higher-order Compounds. 

I. Complex Compounds (Co-ordination Compounds). 
General. — The nomenclature devised by A. Werner 
still regulates the naming of co-ordination compounds 
and its value lies In the fact that it permits of uniform 
treatment of the whole range of compounds. An 
alteration is needed only as regards the indication of 


valency. In order to get a uniform method of indi- 
cating valency, both for simple and for co-ordination 
compounds. Stock's method, already applied to the 
former, has been extended to the latter. [Werner’s 
proposal was to indicate valencies from one to eight 
by the use of a, o, i, e, an, on, in, and en, respectively, 
interpolated between the names of the metal and the 
acid component. Tliis scheme is effective with the 
Gennan language for which it was designed, but in 
English the distinction in pronunciation between i and e 
is not very marked and among an, en, in, and on still 
less marked, while in French and Italian, with their 
inverted form of name, the interpolation is impossible.] 
In the case of comply cations the Roman figures 
expressing the valency are placed in parentheses after 
the names of the elements to which they relate (as 
with the simple compounds). 
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Examples : 

[Cr(OH2)6]Ch Hexa-aquochromium(lII) chlo- 
ride. 

[Cr3 Acg (OH )2]X H exa- acetatodihy droxotrichro- 
inlum(III) salt. 

In designatluK complex anions of acids or salts the 
valency of the central atom is given in parentheses 
after the name of tile complex which ends in -ate. 
The Latin names of metals must often be used in this 
connection for reasons of euphony. 

Examples : 

H2[PtCl6] Hydrogen hexacliloroplatinate(lV) 
H 4 tFe(CN) 6 ] Hydrogen hexacyanof(‘rrate(Tr) 
K4(Fe(CN)6j Potassium hcxacyanoferratiKU) 
K3[Fe(CN)j Potassium iiexacyanoferrate(IIl) 
K 3 [Co(N 02 ) 6 ] Potassium hexanitrocobaltate(lll) 
K[Au(OH) 4 ] Potassium tetraiiydroxoauratcUH) 

For neutral complexes (non-electrolytes) it is not 
necessary to give tlic valency of the central atom. 
If it is d('sire(i to euijiiiasise the valency, this can be 
done as with the complex cations. Indication of the 
valency is not necessary wiien tlie number of the 
ionised atoms or groups is given in the name. 

Examples : 

[Cr(OH2)6]Cl3 llcxa-aquodiromium trichloride. 
K4[Fe(CN)6] Tetraiiotassium hexacyanoferrate. 
K3[Fe(CN)(5] Tripotassium liexacyanoierrate. 

This method of naming is, however, only to lx; 
recommended in those (uises wliere the electrochemical 
valency of the central atom is doubtful, as for instanci? 
with compounds containing NO in the complex. [At 
this point one is likely to wonder about the -ite and 
-ate endings versus the invariable -ah', ending with a 
Jtoman numeral. It seems satisfactory to use such 
well-established names as ehloroplatinite where there 
is no ambiguity, but perhaps the tendency should be 
in the direction of the use of the invariable- -ate ending 
wdicrc there is any question. Even with simple oxygen 
acids Chemical Abstracts uses the invariable -ate 
wdiere confusion exists in -ite and -ate nanies (notably 
with the ferrites and ferrat es). For the comjdex acids 
Chemical Abstracts preh-rs an -ic ending with a H oman 
numeral, as chloroplatinic(l V) acid (in this case the 
numeral could he dropped), to “ hydrogen -ate ” 
names, as hydrogen hexachloroplatinate(IV). The 
Gorman version of the rules uses the name Hexachloro- 
platin(T V)- 8 aure.] 

Order of the attached atoms or groups. — Atoms or 
groups co-ordinated in the complex arc to be men- 
tioned in the name in the order (i) acidic groups such 
as chloro (Cl), cyano (CN), cyanato (NCO), thiocyanato 
(NCS), sulphato (SO4), nitro (NO2), nitrito (ONO), 
oxalato (C2O4), and hydroxo (OH) ; (ii) neutral groups : 
aquo (H2O), substituted amiiuvs [C2H4(NH2)2— enl and 
last of all ammine (NH3), 

II. Isopoly Acids and their Salts. — As isopoly acids 
in the widest sense are to be understood those acids 
which can be regarded as resulting from twm or more 
molecules of one and tiie same acid by elimination of 
water. In this sense the pyro and meta acids which 
are formed from ortho acids by removal of w'ater are 
also to be included among the isopoly acids. 

Even though the rule holds for the poly acids in an 
accentuated form that formuhe should be used for 
characterising compounds in complicated cases, there 
is yet need for a rational nomenclature if only for 
designating the groups of compounds. There belong 
to the Isopoly acids as especially imi)ortant representa- 
tives the boric, silicic, molybdic, tungstic, and vanadic 
acids. Rules will be considered with reference to them, 
therefore. 

It is proposed that the empirical formulto should 
always be resolved into the base anhydride :acid an- 
hydride ratios. For this it is unnecessary to go into 
the still obscure and unsettled questions of the constitu- 
tion of these compounds, and this avoids introducing 
into the method of designation any essential factor 
that might have to be changed in conset^uence of an 
eventual change in conception of the constitution. 

This procedure gives a method of representation for 
this class of compounds which is clear and straight- 
forward and very suitable for systematic treatment. 
Characterisation by means of the base anhydrideracid 
anhydride ratio has already thoroughly justified Itself 
in the ‘systematic description of the poly acids and their 
salts in GmelliTs “ Handbuch der anorganiachen 
Chemie.” It has always made possible a classification 
which was free from contradictions. 


The following equally satisfactory methods for 
constructing names are available : 

1 . The composition, referred to the simplest empirical 
formula, is givtui by means of Greek numerical prefixes 
just as with other compounds (cf. B. II). 

2 . The simiilost formula wiiich expresses the 
analytical results for the tu)mpound in terms of base 
anhydride and acid anhydride is resolved into these. 
The ratio base anhydrideiacid anhydride is shown in 
the name by means of Arabic iigures in parentheses. 

In both cases tin^ basic component is to be named 
before the acid. Acid hydrogiui atoms are to be 
indicated by “ hydrogen " and should always be giv«‘n 
(also in the names of the free acids). 

These propo.sals liave been carried out for a number 
of borates, silicates, molybdates, tungstat<!s, ami 
vanadates, as shown in the' tables opposite. 

In more C(»niplicat(‘d cases tlie formula itself is best 
employ(Ml. Evom though a correct sysLmiatic name 
is possible in such cases, it is generally unwieldy, as, 
for instance : 

Ba2(V02)H2(V50i6) Dibariiim vanadyl dihydrogeii 
jjentavanadate. 

In a similar way, for exanqile, tb(‘ compounds of the 
tung.stic acids wit h organic bases are groui>ed togetlier 
as “ tungstates of organic bases.” Subordinated to 
this groui» arc the subgroui)s ” methylamnioniiim tung- 
states,” ” nropylamnKmium tungstates.” and so on, 
of which tlie individual compounds then follow' with 
their formula* only, since an attemjit to form names for 
each eoinpouiKl M’ould lead to a enmlx'rsome rei)re- 
sentation of their comiKisition. 

111 . Heteropoly Acids and their Salts. — 'I'be formula} 
of the heteropoly acids and tlicir salts ai (* resolveil into 
their constituent base and acid anhydridi's as in the 
case of the isojioly acids, and lor this purjiose the 
simplest formula which expresses the analytic coni- 
po.sition is emjiloyed. 

This resolution is made for the acid into : Non- 
metallic acid, oxide of the acid-forming metal, water; 
for the salt into : salt of the nonnu'tallic acid (resolved 
perhajis into basi* anhydride:acid anhydride ratio),* 
oxide of the acid-forming metal, w'ater. 

The numbers of atoms of the two acid-forming ele- 
ments derived from tlni simplest formula are show'n in 
the name by means of Arabic figures or Greek numerical 
prefixes. As a rule, names are used here only for the 
collective designation of groups of compounds. For 
individual coiii pounds formula' are used for the most part. 

Examples : 

R3P04,I2Mo 03 I)odecamolybd<)])hosphatc 

or 3 R 20 ,P 203 , 24 Mo 03 24 -Molybdo- 2 -phosphate. 

R3P04,I2W03 Dodecatungstophosphate 

or 3 R 20 ,P 205 , 24 W 03 24 -'rungsto- 2 -pho 8 pliato. 

2R5P0.<i,l7W03 IT-Tiingstodiphospbate 

or 5R20,P205,I7W03 17 -Tungsto- 2 -iihosphate. 

R5BO4, 12WO3 Dodecatungstoborate 

or 5 R20, 6203,24 WO3 24 -Tungsto- 2 -borate. 

R8Si06,l2VV03 Dodecatiingstosilicate 

or 4R20,Si02,l2W03 12 -TuiJgatosilicate. 

[Because they are so well established it seems likely 
that the following exceiitions to th(' rules for naming 
complex compounds will continue to be encountered 
frequently in chemical literature : cobalticyanic acid, 
cobalticyanide, cobaltinitrite, cobaltocyanide, cobalto- 
iiltrite, ferricyanic acid, ferricyanide, fcrrocyariide, 
phosphomolybdic acid, phosjihotungstic acid, silico- 
molybdic acid, sllicotungstic acid.J 

IV, Double Salts. — The name of the double salt Is 
formed by putting together the names of the simpic 
salts from which it is formed . The order of the cationii* 
constituents should be that of decreasing electropositive 
character. Constituents common to both salts should 
bo mentioned only once. 

Examples : 

KCI,MgCl2 Potassium magnesium 

chloride, 

Na2S04.CaS04 Sodium calcium sul- 

l>hate. 

3 CaO,Al 2 O 3 ,CaCl 2 ,l 0 H 2 O Calcium cliloroalunii- 
nate.t 

KCI,MgS04 Potassium chloride 

magnesium sulphato. 

• If by so doing simpler numerical relations can be 
obtained. 

t The German version has ” Calciumchloridalu- 
ralnat ” {cf. Ber. 1940 , 73 [A], 69 ). 
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In the third example only the group name is given, 
under which all the single members are collected. 
[It may sometimes be found difficult or impossible to 
know whether a double salt or a salt with a complex 
anion is under consideration. For example, 3NaF,AIF3 
may be named sodium aluminium fluoride, or sodium 
fluoaluminate (NaaAIF^), or it may be spoken of merely 
as a compound of sodium fluoride with aluminium 
fluoride.] 

V. Hydrates, Ammoniates and other Addition Com- 
pounds. — I'lie collective names hydrate, peroxyhydrate 
(not perhydrate), and ammoniate should be applied to 
compounjjs which contain molecules of H2O, H2O2, 
and NH3, respectively. 

Either Greek numerical i)rcfixe8 or Arabic figures 
can be used to show the number of such molecules 
present. 

Examples : 

CaCl2,6H20 Calcium chloride hexahydrate or 

calcium chloride 6-hydrato. 

CaCl2,4H20 Calcium chloride tetrahydrate or 

calcium chloride 4 -hydrate. 

Na00H,H202 Sodium liydrogen peroxide peroxy- 
hydrate. 

AICl3,a;NH3 Aluminium cldoridc ammoniate. 

If It needs to be shown that the molecule in (piestion 
forms part of a complex., then the compounds arc to be 
named as aquo compounds, peroxyhydraio compounds, 
and ammines (r/. F. 1 ). 

Examples : 

[Cr(NH3)<s]Cl3 Hexamminechromium(IlI) 

cliloride. 

[Cr(OH2)6]Cl3 Hexa-aquochromium(IlI) 

cliloride. * 

[Cr (OH2)4Cl2]CI ,2H20 Dichlorotetra-aquochro- 

miuiu(lll) cliloride di- 
hydrate. 

Other addition compounds. — Addition compounds 
containing added PCI3, NOCI, H2S, C2H.s OH, etc., are 
better shown by the formula than by a special name. 
For systematic consideration of this field it Is advisable 
to make use of a group name. 

Examples v 

AICl3,4C2H^ OH Compound of aluminium chlo- 
ride with alcohol. 

AICl3,NOCI Compound of aluminium chlo- 

ride with nltrosyl chloride. 

AICl3,H2S Compound of aluminium chlo- 

ride with hydrogen sulphide. 

Group names : “ Compounds of aluminium chloride 
with organic compounds,” ” with sulphur compounds,” 
etc. 

Further Reform. — In spite of the con- 
siderable effort which has been made to stan- 
dardise inorganic chemical nomenclature there 
is still much room for improvement. Under the 
heading “ The Need for Reform in Inorganic 
Chemical Nomenclature,” Janet D, Scott (Chem. 
Reviews, 1943, 32, 73-97) has discussed the 
needs thoroughly. Her comprehensive paper 
is a good source of information as to the variety 
of usages, bad as well as good, which are en- 
countered in chemical literature. It includes a 
bibliography of 70 references. 

Oeoanic Nomenclature. 

Early Developments. — ^Methods of naming 
carbon compounds have evolved with the pro- 
gress of organic chemistry, as is well illustrated 
by the names given to the compound CgHj-OH. 
Following the fanciful names of the alchemists, 
of which “ aqua vitae ” is the best known, came 
“ spirit of wine ” and alcohol ; the latter term, 
originally meaning a fine powder, was perhaps 
transferred to the liquid because of the resem- 
blance between sublimation and distillation. 
With the discovery of other similar compounds 
and the rise of the radical theory “ alcohol 


became a class name and CgHg’OH was called 
specifically ethyl alcohol (at first with the dualistic 
formula C2H4,H20 or C^HiqOjHjO). Still 
later the Geneva name ethanol incorporated the 
compound into a comprehensive system of 
hydrocarbons, alcohols, acids, and other classes. 

In the absence of a knowledge of structure 
compounds receive unsystematic or “ trivial ” 
names (aee “ General Influences,” p. 694d). 
We know by such names a great number of 
organic compounds extracted from plant and 
animal materials. Many such substances are 
conveniently named from the plant, animal, or 
animal part in which they are found. 

If a compound is known to contain one of 
several functional groups this additional fact 
can be indicated by an appropriate ending. 
The acid function was the first to be recognised 
in organic compounds ; hence, such names as 
“ acetic acid ” (literally “ vinegar acid,” 
German Easigsdure) were (joined long before the 
constitution of the acids was deciphered. These 
names of common acids have proved so con- 
venient that they are still used in preference to 
the systematic structural names even when the 
latter are not longer. The basic function was 
also early recognised and came to be indicatc^d 
by the suffix -ine (in Gorman, -in). Thus w^e 
have many names of alkaloids, as morphine and 
strychnine (the spellings morphia, strychnia, etc., 
are now obsolete in chemical usage) and of other 
bases, as aniline and pyridine. 

As other suffixes demoting function developed 
{e.g.y -ol for alcohols and phenols, -ene for un- 
saturated hydrocarbons, -one for ketones) they 
were used in the same w ay. It is true that such 
terminations have not always boon consistent 
{e.g.^ glycerine is not a base and pyrrol is not an 
alcohol or phenol) ; nevertheless, most of the 
exceptions are of long standing, and some have 
been corrected, as witness the growing replace- 
ment of “ glycerine ” by “ glycerol,” or at least 
“ glycerin,” and the use of the spelling “ pyr- 
role.” At present new natural compounds are 
frequently named with a characteristic suffix 
and so are partially systematic. The usual 
neutral ending (not indicating the presence of 
any particular function) is -in. (It should be 
noted here that the distinction between -ine and 
-in is not possible in German, since e is a sign 
of the plural, and is not altogether convenient 
in French because of gender. This is merely an 
illustration of the language differences of which 
any nomenclature must take account.) 

It is natural that the first systematic organic 
names should have been patterned after those 
of inorganic compounds, especially as chemists 
thought in terms of the dualistic theory in the 
first half of the nineteenth century, when theories 
of organic structure were in the formative stage, 
Liebig and Wohler (Annalen, 1832, 8, 261-262) 
introduced, in 1832, the useful suffix -yl in the 
radical name benzoyl. Berzelius coined the 
name ethyl the following year. According to 
the views of that time these “ compound 
radicals,” or stable groups of atoms, existed in 
their compounds in combination with a negative 
part, thus playing the same rdle as that of metals 
or ammonium in inorganic compounds. In this 
way originated such names aa benzoyl chloride. 
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ethyl bromide, and ethyl acetate, completely “ Carbinol ” is really another name for the 
analogous to morganic names. This may be simplest alcohol, CHg^OH, methanol or methyl 
called the first method of forming systematic alcohol, which can be considered as the parent 
organic names. of other alcohols. By imagining carbinol as 

Chemists are no longer dualists and are free to modified by the introduction of various hydro - 
regard as a radical any portion of an organic carbon ratlicals in place of one or more of the 
moletiule, but the idea of the radical is still throe hydrogen atoms of the methyl group one 
indispensable in organic naming. The American arrives at such names for the amyl alcohols as 
Chemical Abstracts (1946, 89, 5963-6967) w-butylcarbinol, ^ec-butylcarbinol, and methyb 

publishes a list of the names and formulas of over propylcarbinol, in which the names of simpler 
400 radicals used in the entries of organic com- radicals are used. Similarly, many acids may 
pounds in its indexes, and more could bo added, be named as derivatives of acetic acid ; as, 
A second method of naming soon supple- trimethylacetic acid, (CHgjgC-COjH ; olefins 
mented the first. The meanings of the terms may bo named as ethylene derivatives, as 
“alcohol” and “other” were extended to «ym-dimethylothyleno ; and so on. 
include substances chemically similar to ordinary This plan of naming compounds of more or 
alcohol and other and the different alcohols and less complex structure as substitution products 
ethers wore distinguished by the names of the of a simpler parent compound forma the basis 
radicals present in them ; as ethyl alcohol, of most present-day organic nomenclature. The 
amyl alcohol, ethyl ether, methyl ether. In parent compound must not, however, be too 
these names an analogy may be seen to the old simple, as then the substituents may bo too 
inorganic names “ copper vitriol,” “ iron vitriol,” complex. This is why the use of such simple 
and to the names of biological species. The parent compounds as methane, carbinol, and 
same method was also applied to compounds acetic acid has only a restricted value, 
which are conceived as derivatives of acids, as A broader general basis is needed and, since 
in the names acetic ether (later acetic ester), organic chemistry has been defined as the 
benzoic aldehyde, butyric amide, propionic chemistry of the hydrocarbons and their deriva- 
nitrilo ; phrases of this type also became con- tives, it would be natural to find such a basis in 
densed into single words, as benzaldohyde, the hydrocarbons. 

butyramide, propionitrile. The suffix -ene was already in use for certain 

Names formed by the above two methods are hydrocarbons, as ethylene, when Hofmann 
still in common use, especially for the simpler (Jahrosbericht fiber die Fortschritte der Chemie, 
and better known compounds. The limitation 1865, 413) made the proposals that the five 
on using the names of radicals in this manner is vowels be used to form the endings -a??e, 
the large number of such names which would -o/tc, and -line to name, respectively, 

have to be coined; every organic chlorine com- hydrocarbons of the five series C,jH2n+2» 
pound, for example, can bo regarded as the ^n*^2n-4» ^nH2n-6 J 

chloride of a different radical. methane, CH^; ethane, C2He; othene, 

The Substitution Method. — ^A much more CgH^; etliine, C^Hg; propone, CgHg; quar 
fruitful and elastic principle of nomenclature tune, C4H2. (This series of endings may have 
was suggested by the substitution theory, been suggested by Laurent’s earlier proposal of 
Since the hydrogen of methane can be replaced, -ase, -ese, -i.ve, -ose, -use to denote stages of sub- 
step by step, by chlorine it is legitimate and stitution. Nee Wurtz’s article on “ Nomen- 
convenient to think of methane as the parent clature ” in his “ Dictionnaire de chimie pure et 
compound of which the chlorine compounds are appliquee,” ca. 1876, Tome 2, Partie 1, p. 573.) 
modifications. This can be indicated by the Chemists have adopted this proposal only in 
names monochloromethane or simply chloro- part and with modifications; that is to say, 
methane for CH3CI instead of “ methyl they have accepted -am for saturated hydro- 
chloride,” dichloromethane for CHgClg instead carbons (whether open-chain or cyclic), -ene for 
of “ methylene chloride,” and trichloromethane unsaturated hydrocarbons (in the ahphatic 
for CHClg instead of “ methenyl chloride.” series the olefins), and -me for acetylene hydro- 
Thus one prefix, in combination with numerical carbons (but not for diolefins). The spelling 
prefixes, serves in place of three names of -ine has recently been changed to -yne to avoid 
radicals. This principle of naming in terms of conflict with -ine as used to denote bases. Hof- 
substitution has been widely applied, with little mann’s endings -one and -une have never found 
regard to whether the replacements indicated favour. They have not proved necessary and 
by the names are factually possible. -one has been pre-empted to designate ketones. 

The difference between the “ species ” method The Geneva System. — During most of the 
and the substitution method of naming can bo nineteenth century organic nomenclature grew 
seen well in the case of the alcohols. “ Methyl almost MrhoUy by accretion, each author foDow- 
alcohol ” and “ ethyl alcohol ” denote single ing the lead of others or making new proposals 
compounds, but there are two propyl alcohols for the compounds with which he was im- 
and four butyl alcohols, the radical of each of mediately concerned. The result was a hetero- 
which must be distinguished in some way. geneous mass of usage, with many poorly con- 
When one proceeds to the amyl alcohols it structed names. 

becomes exceedingly inconvenient to distinguish In 1892 a nomenclature congress consisting 
the eight varieties as “jpri-n-amyl alcohol,” of thirty-four prominent organic chemists, repre- 
“ pri-act-&myl alcohol,” “ sec-act-amyl alcohol,” senting nine European countries, met in Geneva 
etc. This difficulty was relieved somewhat by and adopted a series of rules embodying what 
the introduction of the carbinol nomenclature, has since been known as the Geneva nomen- 
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clatiire (Pictet, Arch. Sei. phya. nat. 1892, [iii], 
27 , 485-520; Tiemann, Ber. 1893, 26 , 1595- 
1631) ; fur an extended commentary, see the 
article by A. Combes, “ Chimique (Nomen- 
clature) ” in Wnrtz’s “ Dietionnaire de ehimie 
pure ct appliquee,” 1894, Hiipplemtait 2, Partie I, 
pp. 1 060-107(5 . The system was not complete, 
even for aliphatic compounds. Its goal of one 
official name for every organic compound proved 
impractical of realisation. Chemists made use 
of some of its recommendations and paid no 
attention to others. The Gtmeva system was 
nevertheless a notable advance. It is char- 
acterised by clearness, logic, and beauty of 
arrangement (“ la belle ordonnance,’' to use 
Grignard’s phrase) and is w(dl adapted to 
systematic works. It is followed consistently 
in the fourth edition of “ Beilsteins Handbuch 
der organis(>hen C3iemi(‘.” With important 
modifications and additions it survives in the 

I. U.C. system described below. 

The most important feat arcs of the Geneva 
system are: (1) For aliphatic compounds, 
selection of the longest hydrocarbon chain in the 
compound as a basis for the name and the j 
designation of positions on this chain with 
Arabic numerals. (2) Systematic use of suffixes 
to denote saturfition or urisaliiration (-an(‘, -ene, 
-diene, etc.) and functional groups (-ol, -one, -al, 
-oic acid, -nitrile, etc.). 

The principh^ of the “ longest chain ” greatly 
facilitates the naming of all but the simplest 
(joiApounds. Whereas eight different radical 
names are required for' naming the amyl alcohols 
by the “ alcohol ” method oi' the “ earbinol ” 
method, only one (methyl) is needed by the 
Geneva systiun. Tlu-i suffixes promote brevity 
(ethanol as contrasted with “ ethyl alcohol ” or 
“ hydroxyethane ”) and bring out chemical 
relationships (butane, butene, butadiene; pro- 
pane, propanol, propanal, propanoic acid). 

The I.U.C. System. — The incomplete state 
of the Geneva rules and the objections to some 
of their features, (!ombinod with the rapid 
growth of the science, led the International 
Union of Chemistry to appoint in 1922 a Com- 
mission on the Reform of the Nomenclature of 
Organic Chemistry with A. F. Holleman as 
chairman (succeeded later by P. E. Verkade). 
The Definitive Report of this Commission was 
adopted by the fTiiion at iuege in 1936. It has 
been given wide publicity (J.C.S. 1931, 1607- 
1616; Ber. 1932, 65A, 11-20; Ree. trav. chim. 
1932, 51 , 185-217, with comments by Verkade; 

J. Amer. Chem. Soe. 1933, 65, 3905-3925, with 
comments by Patterson ; etc.) and seems to 
have met with a favourable response. The rules 
contained in this report, with two amendments 
adopted at Rome in 1938, are given below. 
They constitute what has come to be called (as 
regards organic chemistry) the I.U.C. system or 
I.U.C. nomenclature. 

I.U.C. ORGANIC RULES. 

I. General. 

1. As few changes as possible will be made In 
terminology universally adopted. 

2, For the x>reaent, only the nomenclature of com- 
pounds of known constitution will be dealt with ; the 
question of substances of imperfectly known constitu- 
tion Is jjostponed. 


3. The precise form of words, endings, etc., pre- 
scrihed in tlie rules should be adapted to the genius of 
each language by the subcommittees. 


II. Hydrocarbons. 

4. I’he ending ane is adoptc^d for saturated hydro- 
carbons. Open-chain hydrocarbons will have the 
generic name alkanes. 

5. The jiresent names of the first four normal 
saturated hydrocarbons (methane, ethane, propane, 
butane) arc retained. Names derived from the Greek 
or Latin numerals will be used for those having more 
than four atoms of carbon. 

0. Branched-cluiin hydrocarbons arc regarded as 
derivatives of the normal hydrocarbons ; their names 
will be referred to the longest normal chain present 
in the formula by adding to it the designations of the 
side chains. In case of ambiguity, or if a simpler 
name would result, that cliaiii wtiich admits of the 
maximum of substitutions will be selected as the funda- 
mental cliain. 

7. In case tlierc are several side chains, the order in 
which such chains are named will correspond to the 
order of their complexity. 'I'lu^ chain liavlng tlie 
greatest number of secondary and tertiary atoms 
will be considered the most complex. The alphabetic 
order may also be iollowed in such eases. 

8. In the names of opeii-eliain iinsaturated hydro- 
carbons having one dtmble bond the ending ane of the 
eorresiH)nding saturated liydroearbon will be nqdaced 
by tlie ending ene ; if there ar<‘ two double bonds, the 
ending will be diene, etc. These hydrocarbons will 
])car the generic names alkenes, alkadienes, alkatrienes, 
etc. Examples : i)rop(‘ne, hexene, etc. 

9. The names of triple-bond hydrocarbons will end 
in yne, diyne, etc. 'J'hey will b(*ar tlie generic name 
alkynes. Examples : propyiu*, hoptyne, etc. 

10. If tliere art^ both double and triple bonds in the 
fundamentaJ chain tlie endings enyne, dienyne, etc,, 
will be used. I'lie generic names of these hydro- 
carbons will be alkenynes, alkadienynes, etc. 

11. Saturated monoe>c]ie hydrocarbons will take 
the names of the (*orres])onding open-chain saturated 
hydrocaii)ons, ])r(‘C<Hled by the j)r('tlx cyelo. They will 
bear the gemuie nanu* cycloalkanes. 

12. Wiion th(‘y are unsaturated, rules 8 10 will be 
api)lied. HoM'cver, in tlie case of jiartially saturated 
polycyclic aromatic compounds the prefix hydro, pre- 
ceded by di-, tetra-, etc., will be used. Example: 
dihydroanthracenc. 

13. Aromatic hydrocarbons will be denoted by the 
ending ene and will otherwise retain their customary 
names. However, tlie name phene * may be used 
instead of benzexie. 


ill. Fundamental Heterocyclic Compounds. 

14. The endings of customary names, endings which 
do not correspond to the function of the substance, will 
undergo the following modifications, so far as they are 
in accord with the genius of eacii language : (a) The 
ending ol will be ciianged to ole. Examjde : pyrrole. 
(&) The ending ane will be ciianged to an. Example : 
pyran. 

Ifi. When nitrogenous hcterocycles not having the 
ending ine give basic compounds on progressive hydro- 
genation, such derivation will be indicated by the 
successive endings ine, idine. Examples : pyrrole, 
pyrroline, pyrrolidine ; oxazole, oxazolinc. 

10. The ending a is adopted for hetero atoms occur- 
ring in a ring. Oxygen will accordingly be indicated 
by oxa, sulphur by thia, nitrogen by aza, etc. The letter 
a may be elided before a vowel. Examples : thia- 
diazole, oxadiazole, ttiiazine, oxazine. 

While the universally accepted names of heterocyclic 
compounds are retained, the names of other hetero- 
cyclic compounds are derived from that of the corre- 
sponding homocyclic compound by adding to it the 
names of the hetero atoms ending in a. Example: 
2: 7 : 9-triazaphenanthrene . 



• Not used In J.C.S. 



NOMENCLATURE AND LITERATURE, CHEMICAL. 


IV. Simple Functions. 

17. Substances of simple function are defined as 
those containing a funcition of one kind only, which 
may be repeated several times in the same moiecule. 

18. When there is only one functional group, the 
fundamental cliain will be selected so as to contain 
tlda group. When there are several functional groups 
the fundamental chain M ill he seh'cted so us to (‘ontain 
the maximum number of these groups. 

19. Halogen derivatives M-ill he designated by the 
name of the hydroearhon from whieh they are derived, 
preceded by a prefix indicating the nature and number 
of the halogen atoms. 

20. Alcohols and phenols will be given the name of 
the hydrocarbon from which they an* derivf'd, followed 
by the suflix ol. Jn accordance with rule 1 names 
universally adopted Mill he retained, as ; pln^nol, 
cresol, naphthol, cte. 

This nomenclature may also he applied to hetero- 
cycles. Example : (|uinolinol. 

21. In naming polyhydjic alcohols or phenols, one 
of the forms di, tri, tHra, etc., M'ill be inserted between 
the name of the parent liydroc'arhon and the BiiHix o/. 

22. The nauK! mercaptati as a s’llfix is ahaiidoiu'd ; 
tliis function will b(' denoted by the suffix thiol. 

23. Ethers are considered as hydroearhons in 
which one or several liydrogen atoms are i(‘])hiecd by 
alkoxy groups.* However, for symmetrical ethers the 
present nomenclatur(‘- may he retained. Examples^ : 
CH 3'0 C 2 H 5 , methoxyethaiip ; CH 3 O CH 3 , rmThoxy- 
mctliane or mctliyl ether. 

24. Oxyg(;n linked, in a chain of carbon atoms, to 
two of these atoms Mill he denoted by tiie prefix epoxy 
in all casi's Mdiere it m'ouUI he uni)r(>fitable to name tlie 
substance as a cyclic compound. Exam plea : ethylene 
oxide — epoxyethane ; epichlorohydrin = 3-(iiloro-l :2- 
epoxypropanc ; tetramethylem* oxide =^J;4-epox,v- 
hutane. 

25. Sulphides, disulphides, 8 ulphoxi<les, and sul- 
phones Mill be named like the ethers,* oxy being re- 
placed by thio, dithiOy aulphinyl, and sulphonyl, resp(‘e- 
tivcly. Examples : CH 3 -S 02 C 2 H 5 , methylsulphonyl- 
ethane ; CH 3 S C 3 H 7 , metli,vlthioj)ropan<‘ ; 

CH3'CH2CH2S0CH2CH2CH2CH3, 
l-(propyl 8 iili)hiriyl)buta ne. 

26. Aldehydes are characterised by tin* siifiix a! 
added to the name of the liydroearbon from Miiicii 
they are derived ; thioaldehyde.s, by the suffix thial. 
Acetals will be named as Iri-dialkoxyalkanes. 

27. Ketones will re(!eiv<.‘ the ending one. Diketone.s, 
triketoncs, thioketones M’ill he d<‘sigiiated by the 
siiftixes dione, trione, ihione. 

28. The name ketene t is retaim^d. 

29. Eor acids the rule of the (Jeneva nomenelature 
is retained, HoMa*ver, in cases wluue the use ot that 
nomenclature would not h(' convenient tin* carboxyl 
group M’ill he considered as a substituting group and 
the name of the acid will be formed by adding to the 
name of the hydrocarbon the suffix rarbonique or 
carboxylic, according to the language. |The (Jeneva 
rules referred to read as follou’s : “ 26, Names of the 
monobasic acids of tlie aliphatic series are derived 
from those of the corresponding hydrocarbons follow’ed 
by the suffix oic t ; poly basic ariils Mill he named M'ith 
the suffixes dioir, trioic, tetroir. 27. In acids of the 
aliphatic series the carboxyl will be eonsidtTe<l an 
integral part- of the skeleton of carbon atoms, ”| 

30. Acids in whieh an atom of sulphur replaces an 
atom of oxygen will bo named according to the (Jeneva 
nomenclature. Example : cthanethioic, -thiolic, -tlii- 
onie, -thionothiolic. If the carboxyl is considered as a 
substituent the compounds Mill be named carbothioir 
acids. The suffix carbothiolir Mill he used if it is 
certain that the oxygen of th(‘ OH group is replaced by 
sulphur ; the suffix carbothionic if it is the oxygen of 
the CO group ; the suffix carbodithioic will be usecl if 
both oxygen atoms are replaced. 

31. The existing conventions Mill be retained for 
salts and esters. 

82. Acid at^ydrides will retain their present mode 
of designation according to the names of the corre- 
sponding acids. For names formed in accordance 
with the Geneva nomenclature, the aniidi^s, ami- 
doximes, amidines, imides, and nitriles will he named 
like the acids by adding to the name of the corre- 

* This method la not used in J.C.S. but would be 
allowed ‘for new or uncommon compounds of these 
types. 

t J.C.S. insists on keten. 

t J.C.S. uses “ carboxylic ” whore practicable. 


sponding hy^drocarbon the endings amide, amid we, 
amidoxrme, imide, and nitrile, respectively, while the 
halides will be named by eomblning chloride, etc., 
with the name of the radical. Examples : C 3 H 7 COCI, 
hutanoyi chloride ; C 3 H 7 -CONH 2 , butanamlde ; etc. 

If the carboxyl is con.sidered as a substituent the 
endings carhonamide, carbonamidine, earbonamidoxime, 
earboniniide, earbofiitrile Mill he use<l. Examples : 
C 3 H 7 COCI, propaneearhonyl chloride ; C 3 H 7 'CONH 2 , 
propanecarbonanilde ; * etc. 

33. 'fhe ending ine is re.servcd exclusively for 
nitrogenous ba.ses. Tlie present nomenelature of 
moiioaniines is retained. For polyamiiuis, the name 
of the hydroearhon Mill lx* followed by the suffixes 
diamine, triamine,'\ etc. 

For aiiphatu; eympoimds containing quinfjue valent 
nitrogen the miding ine Mill be changed to onium. For 
eyelie suf)stane(‘s containing (luimiuevalent nitrogen 
in the ring the ending ine Mill be changed to inium ; 
for those Mith the ending ole, this will be changed to 
olinm. Examples : i)yridine, pyridinium ; imidazole, 
imidazolium. 

34 (revised), {a) Derivatives of hydrogen arsenide, 
ASH 3 , M’ill he named like tlie amines and their deriva- 
tives, Mitli the ending arsine. The univalent radical 
— AsH 2 will be designated by th«‘ ])reftx arsino. 

PJxainples : CH3 ASH2, methylarsine ; (CH3)3As, 

trill i(‘tliylarsin(! (CH 3 ) 2 AsCI, eldorodimethylarsine 
(CH3)3 AsO, trirnethylarsim; oxidi; ; H2ASCH2 CH2ASH2, 
l: 2 '(iiarsinoethane oref liane- 1 : 2 -diai’ 8 ine ; (C2H5)4AsOH, 
tetraetliylarsoniiim liyilroxide ; (CH3)2AsAs(CH3)2, 

tetramethylhiarsine. 

(b) \ei(is of the tyiies RHAs(:0)0H and RR'As- 
(:0)0H M’ill he named arsinie acids; those of the type 
RAs(: 0 )( 0 H )2 Mill he named arsonie acids. The 
radical >As 02 H Mill he designated by the prefix 
arsinico, the radical ASO 3 H 2 by tlie prefix arsorw. 

Exanwles : (CH 3 ) 2 As 02 H, (liinethyiarsinie acid; 

C^H 5 As 03 H 2 henzenearsonic acid. 

(r) Rules a and b are applicable to the analogous 
eompoimds of pliosphonis and antimony, the syllable 
“ ars ” being replaced respectively by phosph or atib. 

id) 'fhe following list iriehides the iiretlxes and 
suffixes apidieahle to tlu* most eommon eompomuls of 
phospliorus, arsenic, and antimony : 


Radical. 

Prefix. 

Suffix. 

— •AsH2 

ursino 

arsine 

— AsO 

arsenoso 


— As02 

arso 


>As(:0)0H 

arsinico 

arsinie 

— As(:0)(0H)2 

arsono 

arsonie 

__As-As— 

ars(*no 


-PH 2 

pliosiihino 

phosphine 

— PO 

phospfioroso 


— PO 2 

]>hospho 


>P(:0)0H 

]»hosphinieo 

phosph inic 

-P(:0)(0H)2 

])ho8ph()no 

Iihosphonic 


phosphoro 


— P=N— 

phosphazo 


—P^As— 

pliospharseno 


— SbH2 

stihino 

stibine 

•— SbO 

sf iboso 


— Sb02 

stibo 


>Sb(:0)0H 

stibinico 

stibinic 

— Sb(:0)(0H)2 

stibono 

stibonic 

— Sb- Sb— 

aiitimono 


_-Sb-As— 

stibarseno 



(c) Derivatives of hisniuthine, BiHj, M’ill he named 
like the arsines. 

if) (Compounds of arsenic, phosidiorus, antimony, 
and bismuth Mhieh can not he named clearly by the 
preceding rules will he named as derivatives of arsines, 
jihosphines, stihines or hismutbines or (if possible) as 
organometallic derivatives (rule 48). 

Examples : CH 3 BiO, methylbisrnntli oxide ; 

CH3’SbCl4. 

methylantimony tetrachloride ; (C 6 H 5 ) 2 AsOC 2 H 5 , 

ethoxydiphenylarsine ; (CH 3 ) 2 AsOH, hydroxydimethyl- 
arsine or dlmethylarsenic hydroxide ; CHjSbS, methyl- 
antimony sulphide ; [(CH 3 ) 2 As] 20 , bi8(dimcthyl- 

areeuic) oxide or cacfxlyl oxide. 

35. (Compounds derived from hydroxylamine by 
replacement of the hydrogen of the hydroxyl will bo 

♦ The use of butyryl (not propaneearhonyl) chloride, 
etc., is retained in J.C.8. 

t J.CkS. retains the use of ethylenediamine, pheny- 
lenediamino, and naphthylcnediamine. 
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regarded ae alkoxy derivatives ; those in 'which an 
atom of hydrogen of the NH 2 group Is replaced, as 
alkylhydroxylamines. Oximes will be named by 
adding the suffix oxinie to the name of the corre- 
sponding aldehyde, ketone, or qiiinone. Examples: 
C 2 H 3‘0 NH 2 ethoxyaminc ; C 2 H 3 -NH OH, ethyl- 
hydroxylamine. 

36. The generic term urea is retained ; it will be 
used as a suffix for the alkyl and acyl derivatives of 
urea. Examples : butylurea, C 4 H 9 -NH CO NH 2 ; bu- 
tyrylurea, C3H7 CO NH CO NH2. The bivalent radical 
— NH CO'NH — will be named urei/leue. 

37. The generic name guanidine is retained. 

38. The name carbylamine is retained. 

39. iiJoCyanic and isothiocyanic esters (RN:C: 0 , 
RN :C :S) will be named isocyanates and wothiocyanates. 

40. The name cyanaie is reserved for true esters 
which on saponification yield cyanic acid or its hydra- 
tion products. The name sulphocyanate will bo re- 
placed by thioeyanate. 

41. Nitro derivatives : no change in the present 
nomenclature. 

42. Azo derivatives : the forms azo, azoxy are 
retained. 

43. (a) Dlazorilum compounds, RM 2 X, are named 
by addition of the suffix diazonium to the name of the 
parent substance (benzenediazonium chloride). 

( 6 ) Compounds having the same empirical formula 
but containing trlvalent nitrogen will be named by 
replacing diazonium with diazo (bcnzenedlazohy- 
droxide). 

(c) Substances of the type RN 2 OM will be named 
diazoates. 

(d) Compounds in whicli the two nitrogen atoms are 
united to a single carbon atom will be designated by 
the prefix diazo (diazomethaiie, diazoacetic acid). 

(e) The term diazoamino is retained ; however, these 
compounds may also be regarded as derivatives of 
triazene. 

i f ) Derivatives of the substances H 2 N NH'NH*NH 2 ; 
HN;N NH NH 2 ; HN:N NH N:NH will be named 
tetrazanest tetrazenes, pentazdienes, etc. 

44. Hydrazines are designated by the name of the 
alkyl radicals from which they arcs derived, followed by 
the suffix hydrazine. Jn cases where the amino group 
of carbonariiides is replaced by the hydrazino group, 
the suffix hydrazide will be used. Hydrnzo derivatives 
are regarded as derivatives of hydrazine. Examples : 
CH3 NH NH2,, methylhydrazlne ; C2H5 NH NH C3H7, 

l-ethyl-2-propylhydrazine ; C3H7 CONH NH2, butyro- 
hydrazide or propauocarbohydrazide. 

45. Hydrazones and semicarbazoncs are named like 
the oximes. I’he term osazone is retained, 

46. The name quinone is retained. 

47. Sulphonic and sulphinic acids will be designated 
by adding the suffixes sulphonic and sulphmic to the 
name of the hydrocarbon. 

The analogous acids of selenium and tellurium will 
bear the names alkaneselenonic and -selerUnic acids ; 
alkanetelluronic and -tdlurinic acids. 

48. Organometallic compounds will be designated 
by the names of the organic radicals united to the 
metal which tliey contain, followed by the name of the 
metal. Examples : dlmethylzinc, tetraethyllead, 
methylmagnesium chloride. 

However, if the metal is united in a complex manner 
it m^ be considered as a substituent. Example: 
CIH£C 6 H 4 C 02 H, chloromercuribenzoic acid, 

49 (revised) a. I. Cyclic hydrocarbons with ali- 
phatic side chains are to bo named according to one 
of the two following methods : (a) The radical names 
denoting the side chains are prefixed to the name of 
the cyclic hydrocarbon. (^) The cyclic hydrocarbon 
residue, if it can be named as a radical, is considered a 
substituent of the aliphatic chain. 

Naming according to (a) is in general preferable when 
the side chain is short or when several side chains are 
present. Naming according to ()9) is more convenient 
when the side chain is long, and particularly when the 
cyclic hydrocarbon residue is not at the end of this 
chain. 

Examples : (a) C 6 H 5 C 2 H 3 , ethylbenzene ; 

CH 3 C 6 H 4 C 2 H 5 , 

methylethylbenzene ; CioH 7 CH:CH 2 , ethenylnaph- 
thalene. 

(/5) CH 3 CH(C 6 H 5 )(CH 2 ) 5 CH 3 , 2-phenyIoctane ; 
3»-(CH3)2CHC6H4CH(CH3)CH(CH3)(CH2)3CH3. 

3-methyl-2-(4-isopropylphenyl)heptane. 

For naming cyclic hydrocarbons with side chains 
according to (a), it is advisable in many cases to use 
the common names of simple aromatic hydrocarbons. 


ExampUs : 0 -CH 3 -C 6 H 4 C 2 H 5 , 2-ethyltoluene ; 

(CH3)2C6H3CH:CH2(»,3.2). 

2-etheuyl-m-xyIene ; 

CH3C6H3(C2H3)CH(CH3)2(I,2.4), 

2- ethyl-p-cymene. 

II. When several cyclic hydrocarbon residues are 
united by an aliphatic chain the name of the com- 
pound will bo derived from that of the aliphatic hydro- 
carbon, provided radical names are available for the 
cyclic hydrocarbon residues. 

Examples : diphenylinethane ; 

C 6 H 5 -CH 2 -CH(C 6 H 3 ) [CH2]2'CH3, l:2-dlphenylpentane. 

If this is not tiio case, or if the possibility of using 
a convenient radical name makes it desirable, the 
name of the compound will be derived from that of 
one of the cyclic hydrocarbons, on the principle of 
substitution. 

Examples : Ci 4 H 9 CH2-C6H3(2), 2-benzylauthraceuo 
(better than phenyl-(2-anthryl)mcthane) ; 

C 16 H 9 CH 2 CH 2 C 6 H 5 . 

(^-phenylothyl)pyrene. 

I b. When tne cyclic hydrocarbons treated of In rule 
49<i carry functions whicli can be expressed only by a 
prefix, the same possibilities i'or names exist as those 
indicated in rule 49a, 

Examples : C 6 H 5 CHCI'CH 2 CI, l:2-dicliloro-l -phenyl- 
ethane or (aj9-dichloroethyl)beiizeiie ; 

C 6 H 5 CH 2 CH(CH 3 )CH 2 a, 

3- chloro-2-methyl~l-phenylpropane or (y-chIoroi«o- 
biityl)beijzene ; ;>-ClC 6 H 4 -CH 2 ‘CH 2 CI, 4-chloro-l-^- 
clilorocthyl)benzeiic or 2-cliloro*l-(4-clilorophenyl)- 
ethaiie. 

For naming derivatives of monocyclic hydrocarbons 
which have common names, it will be of advantage to 
employ these names. 

Examples: P-CIC 6 H 4 CH 3 , 4-clilorotoluene (4-chloro- 
1-mctliylbenzcne); p-ClQH 4 -CH 2 CI, 4:aj'dichlorotoluene 
(4 - chloro - 1 - (chloromcthyl)beiizone, 4 - chlorobenzyl 
cldorlde); CH 3 C 6 H 4 (N 02 )CH(CH 3 ) 2 ( 1,2,4). 2-nitro-p- 
cymeiie (2-uitro-l-methyl-4-t.vopropylbenzene). 

50. If it is necessary to avoid ambiguity, tlu! names 
of complex radicals will be placed in parentheses. 
Examples : (dimcthylpheiiyl)amine«« (CH 3 ) 2 C 6 H 3 *NH 2 ; 
diinethylphenylamine = C6H5N(CH3)2. 


V. Complex Functions. 

51. For compounds of complex function, that is to 
say, for compounds possessing different functions, 
only one kind of function (the principal function) will 
be expressed by the ending of the name. The other 
fimetioriR will be designated by appropriate prefixes. 

52. 'I'he following prefixes and suffixes will be used 
for designating the functions. 

Function. Prefix. 

Acid and deriva- carboxy 
tives 


Alcohol 

Aldehyde 


hydroxy 
0 x 0 , aldo (for 
aldehyde O) 
or formyl (for 


Suffix. 

carboxylic, car- 
bonyl, car- 
bo n a m i de , 
etc., or oio, 
oyl, etc. 
ol 
al 


Amine 

amino 

amino 

Azo derivative 

azo 

— 

Azoxy derivative 
Carbonitrile (ni- 

azoxy 

cyano 

carbonitrile or 

trile) 

nitrile 

Double bond 

— 

ene 

Ether 

Ethylene oxide, 

alkoxy 

epoxy 

— 

etc. 


Halide 

halogeno (lialo) 

— 

Hydrazine 

hydrazino 

hydrazine 

Ketone 

0 x 0 or keto 

one 

Mercaptan 

mercapto 

thiol 

Nltro derivative 

nitro 

— 

Nltroso derivative 

nitroso 

— 

Q. u i n q u e valent 

— 

onium, inium 

nitrogen 

Sulphide 

alkylthio 

(olium) 

Sulphinic deriva- 
tive 

sulphino 

sulphinic 

Sulphone 

sulphonyl 

— 

Sulphonic deriva- 
tive 

sulpho 

sulphonic 

Sulphoxide 

sulphinyl 

— 

Triple bond 

— 

yne 

Urea 

ureido 

urea 
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63, The naineg of derivatives of fundaiiiental hctero- 
(jyclic substances will be formed according to the pre- 
ceding rules, 

VI, Radicals. 

54. Univalent radicals derived from saturated ali- 
phatic hydrocarbons by removal of one atom of hydro- 
gen will be nairied by re])lacing ttie ending ane of the 
hydrocarbon by the ending yl. 

55. The names of univalent radicals derived from 
unsaturated aliphatic hydrocarbons will have the 
endings eyiyl, ynyl, dienyl, etc., the positions of the 
double or triple bonds Ixdng indicated by numerals or 
letters where nece-ssary. 

56. Bivahmt or trivahmt radit^als derived from 
saturated hydrocarbons by rctnoval of 2 or 3 hydrogen 
atoms from the same carbon atom will be named by 
replacing the ending ane of the hydrocarbon by the 
endings ylidene or ylidyne. For radicals derived from 
unsaturated hydrocarbons, these endings will be added 
to the name of the hydrocarbon. The names iso- 
propylidene and methylene arc retaiiuid. 

57. The names of bivalent radi(aUs derived from 
aliphatic hydrocarbons by removal of a hydrogen 
atom from each of the two terminal carbon atoms of 
the chain will be ethylene, tri methylene, tetramethy- 
lene, etc. 

58. lladicals derived from acids by removal of OH 
will be named by changing the ending carboxylic to 
carbonyl or, if the Geneva nomenclature is used, oic to 
oyl. 

59. Univalent radicals derived from aromatic 
hydrocarbons by removal of a hydrogen atom from the 
ring will in principle be named by changing the ending 
ene to yl. However, the radicals Cr,U 5 and C6H5 CH2 
will continue provisionally to be named phenyl an<l 
benzyl, respectively. Moreover, certain abbreviations 
sanctioned by usage are authorised, as najyhthyl 
instead tiaphlhaly I . 

60. Univalent radicals derived from heterocyclic 
compounds by removal of hydrogen from the ring will 
be named by changing their endings to yl. In cases 
where this would give rise to ambiguity, merely the 
final e will be changed to yl. Examides : pyridine, 
I)yridyl ; indole, indolyl ; pyrroline, pyrrolinyl ; 
triazole, triazolyl ; triazine, triazlnyl, 

61. Radicals formed by removal of a hydrogen atom 
from a side chain of a cyclic compound w'ill be regarded 
as substituted aliphatic radicals. 

62. In general, special names will not be given to 
multivalent radicals derived from cyclic compounds by 
removal of several hydrogen atoms from the ring. In 
this case prefixes or suffixes will be used. Examples : 
triaminobenzene or benzenetriamine ; dihydroxy- 
pyrrole or pyrrolediol, 

63. The order in which prefixes or radicals are stated 
(alphabetic order or conventional order) remains 
optional. 

Vil. Numbering. 

64. In aliphatic compounds tlic carbon atoms of the 
fundamental chain will be numbered from one end to 
the other with the use of Arabic numerals. In case of 
ambiguity the lowest numbers will be given (1) to the 
principal function, (2) to double bonds, (3) to triple 
bonds, (4) to atoms or radicals designated by prefixes. 
The expression “ lowest numbers ” signifies those that 
include the lowest individual number or numbers. 
Thus: 1:3:5 is lower than 2:4:6; 1:6:5 lower than 
2:6:6 ; 1:2:5 lower than 1:4:5 ; 1:1:3:4 lower than 
1:2:2:4. 

65. Positions in a side chain will be designated by 
numerals or letters, starting from the point of attach- 
ment. The numerals or letters will be in parentheses 
with the name of the chain. 

66. In case of ambiguity in the numbering of atoms 
or radicals designated by prefixes, the order wUl be 
that chosen for the prefixes before the name of the 
fundamental compound or side chain of which they are 
substituents. 

67. The prefixes, di, tri, tetra, etc., will be used before 
simple expressions (for example, diethylbutanetriol) 
and the prefixes his, tris, tetrakis, etc,, before complex 
expressions. Examples : bi8(methylamino)propane, 
CH3-NH*[CH2]3*NH'CH3 ; bi8(dimethylamino)etha«e, 
(CH3)2NCH2CHrN(CH3)2. The prefix hi will be 
used only to denote the doubling of a radical or com- 
pound ; for example, biphenyl.* 

68. A catalogue of cyclic systems, with their number- 
ings according both to the existing system and to that 
of A. M. Patterson, is in preparation under the auspices 

♦ J.C.8. uses diphenyl. 

VoL. VIII.— 39 
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of the National Research Council of the United States 
and of the American (Jhemical Society, 

In order to avoid all confusion the Commission 
recommends placing a scheme of numbering at the 
head of each article, 

[The catalogue referred to was published in 1940 as 
American Chemical Society Monograph No, 84, “ The 
Ring Index, a List of Ring Systems Used in Organic 
Chemistry,” Reinliold Publishing Corporation, Now 
York.] 

index to I.U.C. Organic Rules. 
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Order of Precedence of Functions, — 
While l.U.C. rule 51 states that, for compounds 
of complex function, only the principal function 
will be expressed by the ending of the name, it 
fails to indicate which function shall be chosen 
as the principal one in any particular case. A 
basis for such choices would be desirable. Some 
indications may be drawn from usage. For 
example, if an acid group is present in a complex 
compound the latter is likely to be named as an 
acid; thus, 0-HOCgH4CO2H is called 
salicylic acid or o-hydroxy benzoic acid and not 
o-(‘ar boxy phenol or some other name ending in 
-ol. On the other hand a compound containing 
the other function is not likely to be named as 
an ether if any of various other functions are also 
present. An examination of the journal litera- 
ture (Patterson, Kec. trav. chim. 1929, 48, 
1012-1017) reveals a number of such relations, 
but indicates no clear order of precedence. The 
need for decisions in systematic compilation is 
evident (for one such order, see American 
Chemical Abstracts, 1945, 89, 5876). 

Naming of Compounds Containing Bi- 
valent Functions. — The naming of ethers, 
system may be pointed out: (1) In the Geneva ketones, azo compounds arid other compounds 
system the carbon skeleton of an ahphatic com- in which a bivalent functional atom or group 
pound is considered fundamental and fixes the unites two other groups presents an annoying 
numbering of any compounds derived from it; problem, especially if the groups thus joined 
the position of side chains thus becomes more arc different, as in ethyl methyl ether and 
important than that of double bonds, hydroxyl phenylazonaphthaleno(naphthaleneazobenzene). 
groups, or carboxyl groups so far as naming and l.U.C. rules 23 and 25 express the ether, sul- 
numbering are concerned. In the l.U.C. system phide, disulphide, sulphoxide, and sulphone func- 
the fundamental chain is not necessarily the tions by prelixes, thus placing them low in the 
longest in the molecule but is selected so as to order of precedence (since by rule 51 the principal 
contain the maximum number of principal function is expressed in the ending of the name), 
functional groups (rules 18, 51). For example, The Geneva and l.U.C. rules give satisfactory 
by both systems succinic acid is called butane- names for aliphatic ketones, but do not cover 
dioic acid, but whereas the l.U.C. name of those of the cyclic series. l.U.C. rule 42 is rather 
ethylsuccinic acid is ethylbutanedioic acid, in the noncommittal as to azo and azoxy compounds, 
Geneva system the presence of the ethyl group but rule 44 treats hydrazo compounds as 
lengthens the fundamental carbon chain and the derivatives of hydrazine. Apparently, each 
name becomes “ pontanoic-3-meihyloic acid.” bivalent function must be considered a separate 

(2) The Geneva Congress was divided on th^ problem. 

method of naming compounds of complex func- Naming of Parent Ring Systems. — 
tion, referring the question to another meeting The original Geneva system did not touch this 
which was never held. As the Geneva rules problem and l.U.C. rules 11-16 make only a 
stand they permit the presence of two or more beginning on it. For discussions, see Bouveault, 
functional suffixes in a name, and Geneva names ” Chalnes fermees (Nomenclature des) ” in 
of this type have been used. Since this is Wurtz’s “ Dictionnaire de chimie pure et 
contrary to the usual practice of chemists l.U.C. appliquee,” 1894, Supplement 2, pp. 1043-1053 ; 
rule 51 provides that only one kind of function Stelzner, Literatur-Register der organischen 
be expressed by the ending of the name. An Chemic, 1926, 5, IX-XV ; Patterson, J. Amer. 
example: Geneva name, ” ethanolal ” ; l.U.C. Chom. Soc. 1928, 50, 3074-3087; Patterson 
name, hydroxyethanal (for glycolaldehyde). and Capell, “ The Ring Index,” New York, 

(3) The l.U.C. system does not attempt to pre- 1940, pp. 20-27. The discovery of single rings 
scribe one official name for each organic com- of many members, complex systems containing 
pound. In several cases it even outlines alter- many rings, spiro systems, and bridged systems 
native methods of naming, and it permits the has created many new problems in recent years, 
retention of “ terminology universally adopted ” “ The Ring Index ” gives the formulae, various 
so far as such names are not considered incorrect, names, and numberings for the ring systems 

In addition to the above the l.U.C. system described in the literature down to 1939. 
differs on a number of particulars and covers Numbering of Ring Systems. — The posi- 
some topics not included in the older system, tions of substituents in the benzene ring have 
In treating of heterocyclic compounds, for been indicated by the well-known prefixes ortho-, 
example, rule 16 recognises the so-called “ oxa- meta-, and para- and the adjectives vicinal, 
aza nomenclature,” according to which the symmetric, and asymmetric, or their abbrevia- 
replacement of ring carbon atoms (with their tions. Additional prefixes have been used for 
accompanying hydrogen) by hetero atoms is naphthalene. The employment of Greek letters 
denoted by such prefixes as oa^a-, oza-, and ihia-, has also been common, as a and p for naphtha- 


Kadicals — continued. 

side-chain 61 

trivalent 50 

univalent saturated 54 

univalent imsaturated 55 

univalent heterocyclic 60 

univalent aromatic 59 

Salts 31 

Selenonic and selenlnic acids 47 

Semicarbazones 45 

Suffixes 52 

Sulfides 25 

Sulflnic acids 47 

Sulfones 25 

Sulfonic acids 47 

Sulfoxides 25 

Telluronic and tellurinic acids 47 

Tetrazanes and tetrazenes 43f 

Thials 26 

Thlo acids .30 

Thioaldehydes 26 

Thiocyanates 40 

uoThiocyanates 39 

Thloketoues 27 

Thiols 22 

Tliiones 27 

Triaz(mes 43e 

Urea derivatives 36 

Comparison of the Two Systems. — 

Three differences of some importance between 

the original Geneva system and the l.U.C. 
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lene, a, jS, and y for p^idine, and ^ for the 
middle, meso or 2 position in oxazolo. These 
are, however, special designations which apply 
only to certain of the simpler rings. Arabic 
numerals apply to all systems and tend to dis- 
place Greek letters even in the simpler cases. 

Many ring systems, as benzene, naphthalene, 
anthracene, pyridine, quinoline, have generally 
accepted numberings, but many others have not. 
The scheme of Baeyer (Bor. 1900, 88, 3771-3775) 
for bridged ring systems has been widely used. 
For more recent proposals for comprehensive 
standardisation of numberings, see Stelzner, 
Kuh, Li teratur- Register der organischen Chemie, 
1921, 8, (I)-(IOO) and Patterson, J. Amer. Chem. 
Soc. 1925, 47, 543-501. The Patterson rules 
have been endorsed in part by the International 
Union of Chemistry; they are systematically 
applied in the American Chemical Abstracts 
indexes and in “ The King Index ” {see the 
preceding section). 

Stereochemical Nomenclature. — The use 
of the prefixes dextro-y levo- or Isevo-, meso-y and 
anti-y also of the abbreviations d-, dl-y and t-, 
in distinguishing optical isomers is well known. 
To avoid the ambiguity that has resulted from 
Fischer’s use of d- and I- to denote genetic 
relationship some chemists now use capital 
letters (small or large) in Fischer’s sense (as, 
D-fructose or D( — )-fructose), retaining d- andZ- 
to indicate direction of rotation only ; D- and 
d- are distinguished in pronunciation as “ dee ” 
and “ dextro.” Recently such prefixes as 
erythro-y threo-y gluco-y manno-y have been used 
to denote the presence of configurations like 
like those of the corresponding sugars. 

The use of cis-y trans- (originally cis4ra7uS‘)y 
syn-y and anti- in connection with geometric 
isomerism is also well known. The prefix allo- 
has been used in a general sense to mean just 
“ another ” isomer, but has also acquired si)ecial 
meanings in the case of ethylenic compounds and 
of steroids. Similarly, epi- has special meanings 
in the carbohydrate and steroid fields. 

These conventions are all no doubt useful, but 
they illustrate the complexity of the situation. 
A more general method for indicating configura- 
tion in compounds possessing two or more centres 
of asymmetry would seem desirable. 

Deuterium Compounds. — Isotopes have not ; 
affected organic nomenclature except for the case 
of hydrogen, in which individual names have 
been given. Since use of the prefix deuterio- 
(or deutero-) would produce longer names and 
tend to separate these names in indexes from 
the names of the corresponding compounds of 
ordinary hydrogen, the Committee on Nomen- 
clature, Spelling, and Pronunciation of the 
American Chemical Society adopted a system 
modified from that of Boughton (Science, 1934, 
79, 169-160). According to the Committee 
report (Crane, Ind. Eng. Chem., News Ed. 1935, 
18, 2(X)-201) the presence of deuterium (^H or D) 
in a compound is indicated by italic d and any 
necessary numerals.'*' Examples: CH 3 D, me- 
thane-d; CDCI 3 , chloroform-d ; CHg'CDO, 
acetaldehyde-d ; CDj CDO, acet-d.-aldehyde- 
d f C^HI^'OOOD, benzoic aciu-d; 214- 
OiCqHj’COOH, benzoic-2:4-d2 acid. Inorganic 
deuterium compounds are named in the same 


manner. Compounds of tritium (^H or T) may 
be named similarly, with the use of t instead of d.* 

In 1938 the Commission on the Reform of 
Organic Nomenclature of the International 
Union of Chemistry adopted the same nomen- 
clature, but with employment of Gothic or 
black-letter 6 instead of italic d (Union Inter- 
nationale de Chirnie, Comptes rendus, 1938, 
pp. 36-37).'“ 

Compounds of Incompletely Known 
Structure. — Until a complete structure has 
been worked out for a compound it is manifestly 
impossible to give' it a systematic name which 
will express its structure completely. However, 
as the structure becomes partially known, or as 
the relations of an imperfectly known compound 
to derivatives of it become clear, it is convenient 
to use names which represent the existing state 
of knowledge. 

An obvious and common method is the in- 
corporation of suffixes in the trivial name to 
indicate the presence of one or more functions 
(as, tropine, tropinone) ; a second is the use of 
prefixes to denote the introduction of atoms or 
groups (as, methylconiine). Iso-, pseudo- y and 
neo- are useful in naming isomers. Homo- 
denotes a homologue, usually a next higher one. 

A number of prefixes have been introduced 
for use in the analysis of a complex structure 
into simpler ones. Anhydro- denotes removal 
of water, usually one molecule {dianhydro-y 
removal of two molecules). Dehydro- means 
removal of hydrogen {didehydro-y removal of 
two atoms, tetradehydro-y removal of four atoms, 
etc.) Nor- usually means replacement of methyl 
groups or side chains, though in the case of 
norleucine it means an isomer of normal struc- 
ture. 

Dea- has been used to denote the opening of 
a nitrogenous ring following exhaustive methyla- 
tion (Willstatter, Armalen, 1901, 817, 268). 
More commonly, however, des-f or de- is used to 
indicate removal of something {des- seems to 
have been carried over into English from German 
and French without realisation that the common 
English form is de-). Following are some of the 
ways in which these prefixes are used. (1) Re- 
placement of the named group by hydrogen : 
desacetyl-, desamino-, decarboxy-, desethyl-, 
desdiethyl-, desmethoxy-, desmethyl-, desdi- 
methyl-, desphenyl-. (2) Replacement of hy- 
droxyl by hydrogen: desoxy-. (3) Replace- 
ment of O by Hg : desoxo-. 

Biochemical Nombnclatuee. 

Certain groups of organic compounds are of 
special interest to biochemists. Among these 
are the fats, carbohydrates, proteins, enzymes, 
vitamins, steroids, hormones, and animal and 
plant pigments. As the structure of individual 
compounds belonging to these groups becomes 
known they take their place in the organic - 
chemical scheme and their systematic names 
should be formed on the same principles as for 
other organic compounds. However, many of 
them are complex, with structures either un- 

* The symbols d, Z, and 8 have not been adopted for 
use in J.C.S. 

t J.C.S. insists on de-, not dea-. 
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known or only recently elucidated, and this fact 
together with their biological significance has 
led to special names and classifications. For the 
accepted nomenclature of such groups the reader 
is referred to the following Dictionary articles : 

Hobmones, Vol. VI, 266c. 

Vol. VI, 161a. 

Glycosides, Vol. VI, 826. 

Indigo, Vol. VI, 432d. 

Fish Oils, Vol. V, 226d. 

Alkaloids : Articles by E. Schlittler and G. 
Barger. 

Vitamins (g.v.). 

Plant Pigments (g.v. ; see also articles by 

A. G. Perkin and E. J. Cross). 

Enzymes : Articles by E. F. Armstrong and 
G. T. Young. 

For the nomenclature of carotenoids, see the 
Report of the Committee on Biochemical 
Nomenclature of the (U.S.) National Research 
Council, Chern. Eng. News, 1946, 24, 1235. 

Decisions of the I.U.C. Commission. — 

In 1927 and 1928 the Commission on the 
Nomenclature of Biological Chemistry of the 
International Union of Chemistry adopted 
certain proposals of its chairman, Gabriel 
Bertrand, of which the following is a synopsis 
(full text in Union Internationale de Chiraic, 
Comptos rendus, 1927, 1928). Terms in 

parentheses arc the writers’ explanations. 

A. Glucides. 1. Oses (monosaccharides). 
2. Osides (glycosides), a. Holosides (hydrolys- 
able saccharides), b. Heterosides (yielding on 
hydrolysis non-sugars as well as sugars). 

B. Lipides. 1. Ternary lipides. a. Glycerides 
(glycerol esters), b. Cerides (esters of higher 
alcohols), c. Stcrides (esters of sterols), 
d. Etholides (from hydroxy acids). 2. Com- 
plex lipides. a. Pliospholipidcs. b. Phospho- 
aminolipides. (1) Glycerophosphoaminolipides. 
(2) Sphyngophosphoaminolipid(‘8. C. Protides. 
1. Amino acids. 2. Proteides. a. Holoproteides 
(yielding on hydrolysis only amino acids and 
ammonia), b. Heteroproteidcs (yielding amino 
acids and nonprotidic substances), D. Ases 
(enzymes). 

The Bertrand classification was later declared 
to bo tentative only and was not definitively 
adopted by the Union. Its terms have, how- 
ever, had some use, especially in French 
literature. 

In 1936 a Commission of the same title, under 
the chairmanship of Sir Arthur Harden, adopted 
provisionally the following report on enzymes 
(Union Internationale de Chiraie, Comptes 
rendus, 1936, 43 ; this report also was not 
definitively adopted by the Union) : 

1. The word to which the ending -ase, adopted 
at the Warsaw Congress of 1927, is added should 
indicate preferably the nature of the substrate 
attacked (example, peptidase) ; or the mode of 
action of the enzyme (example, dehydrogenase) ; 
or a combination of the name of the substrate 
and the mode of action, whenever there is need 
to avoid ambiguity (example, succinylde- 
hydrogenase). 

2. The question as to the advisability of using 
special terms to indicate the synthetic or analytic 
action of an enzyme is left open. 


3. The word enzyme designates the whole of 
the active complex, including the support and 
the activators. Coenzymes will be designated 
by the name of the enzyme activated, preceded 
by the prefix co- (example, coglyoxylase). 

4. When it is desired to distinguish between 
the enzyme considered as a whole and the 
enzyme dejirived of its activators, the total 
complex will be called holoenzyme and the 
residue, after separation of its activators, will 
be called apoenzyme. 

5. Oxidation enzymes. The Commission con- 
siders it premature to establish a special 
nomenclature for dehydrogenases and oxidases. 

PuYsioAL Chemistry. 

The nomenclature of physical chemistry is in 
part the nomenclature of physics. This situa- 
tion makes standardisation somewhat more 
difficult to accomplish, as separate organisations 
serve the sciences of physics and chemistry. 
The literature of physical chemistry is replete with 
symbols, “ effect ” terms, and similar phrases for 
phenomena, as Raman effect, words to designate 
properties, spe(;ific terms used in special branches 
(as thermochemistry, radiochemistry, electro- 
chemistry, colloidal cliemistry, and spectro- 
scopy), names of laws, designations for ultimate 
particles, etc. Of course, the physical chemist 
and the physicist have to deal with the elements 
and chemical compounds and to that very large 
extent their nomenclature problem is the same 
as that of chemists in general. A helpful book 
for the more physical terms is Lo Roy D. 
AVcld, “ Glossary of Physics,” (McGraw-Hill, 
New York, 1937). Specific terms suggested 
through the years have been indexed in Chemical 
Abstracts, with references to them also under 
the index heading ” Nomenclature.” 

The physical chemist often has occasion to use 
symbols to represent quantities, relations, 
properties, and the like. Much work on 
standardisation has l)een done by the British 
Standards Institution (see Brit. Standards Inst. 
Publication No. 813 (1938), entitled “ British 
Standard Chemical Symbols and Abbrevia- 
tions ”), by the American Standards Associa- 
tion, and by various less general groups. The 
most helpful recent published complication 
is the Report of a Joint Committee of The 
Chemical Society, The Faraday Society, and 
The Physical Society on Symbols for Thermo- 
dynamical and Physico-Chemical Quantities and 
Conventions Relating to Their Use adopted as 
recommended practice in The Proceedings of the 
Physical Society, The Transactions of the Fara- 
day Society, The Journal of the Chemical 
Society, and British Chemical Abstracts 
(Chemistry and Industry, 1937, 66, 860-865). 
See also the section on “ Symbols and Abbrevia- 
tions ” (p. 697a). 

Spellings. — There are some differences in 
British and American spellings of chemical 
words, but these seldom cause difficulty. 
Examples are the spellings “ sulphur ” (British), 

“ sulfur ” (American), and “ aluminium ” 
(British), “ aluminum ” (American). Spelling 
differences within these coimtries are also en- 
countered at times, as when one chemist accepts 
and applies rules affecting word endings and 
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another prefers to use an earlier spelling. For 
example, “ glycercl ” has not wholly supplanted 
“ glycerine ” in use. 

Word Lists. — It is not always easy to apply 
rules and general principles in the determination 
of good nomenclature usage. A comprehensive 
word list, specifically designed to show approved 
usage, would bo helpful. None exists, but 
because of the necessity for careful standardisa- 
tion and close attention to usage in the compila- 
tion of the indexes to abstract journals and 
because of their extensiveness, the annual and 
collective indexes to British Chemical and 
Physiological Abstracts and to the American 
Chemical Abstracts are a helpful source of 
information as to good names for individual 
substances. The chemical words in Webster’s 
New International Dictionary have been entered 
with due regard for nomenclature rulings. 
Chemists with present-day nomenclature in- 
terests and problems will find other lists and 
sources of help in references given in this 
discussion and below. 

ADDITIONAL REFERENCES 
General. 

Spalding, A new nomenclature of chemistry proposed 
by Messrs, do Morveau, Lavoisier, Bertholet, and 
Fourcroy, American Pharmaceutical Association, 
Baltimore. 

E. J. Crane, T'lie standardisation of chemical nomen- 
clature, J. Chem. Education, 1931, 8, 133.W340 
(Includes a list of sources). 

Clarence Smith, Modern chemical nomenclature, 
J.C.S. 1936, 10C7-107H. 

Inorganic. 

Del^pine et al.. La rdforme de la nomenclature de 
chimie min(5rale, Kapport pn^sentt^ au nom de la 
F^d^ration nationale des associations de chimie 
de France et du Comitd national de nomenclature 
de chimie mim^rale. Separate. 6 pp. 

Meyer and Kosenheim, Die Vorschiage der deutschen 
Nomen klaturkom mission ftir anorganischen 

Chemio, Z. angew. Chem. 1025, 38, 718-715. 
Meyer, Die NomeiiklaDir der anorganischen Chemie, 
ibid. 1929, 42, 1059-1062. 

Organic. 

Patterson and Curran, A system of organic nomen- 
clature, J. Amer. Chem. Soc, 1917, 39, 1623-16.38. 
V. Grignard, “ Nomenclature,” Trait(^ de chimie 
organique, 1935, Tome 1, pp. 1073-1108. 

Biochemical. 

Bertrand, Projet de r^forme de la nomenclature de 
chimie biologlquc, Bull. Soc. C’him. biol. 1923, 5, 
95-109. 

A. M, P. and E. J. C. 


LITERATURE, CHEMICAL. 

Historians state that the first libraries were 
found in ancient Egyptian temples. The 
records were liturgical in form but did include 
materia] from the hermetic arts, alchemy, 
astrology, and medicine. Two hundred years 
after the invention of printing the published 
alchemical literature consisted largely of books 
replete with mystic symbols. The decrease in 
persecution of scientists during the seventeenth 
century encouraged the rise of learned societies. 
There then developed an insistent demand for 
permanent, comprehensible and generally avail- 
able records of their activities. Thus the general 
scientific journal was bom and began to flourish 
between 1660 and 1730 (Transactions of the 


Royal Society, 1666). Specialisation soon 
developed. The prefix al was dropped from the 
older name and the first chemical periodical wflus 
started (Orell’s Chemisches Journal, 1778). 
Later journals appeared devoted to pure and to 
applied chemistry. Further subdivision began 
about 1860 with the publication of journals con- 
fined in scope to special phases of pure chemistry 
and to individual industries. Such develop- 
ments are still in progress. 

Original Sources. — To-daj^ of the more 
than four thousand journals ^ publishing articles 
on chemical subjects, the most important are 
spon.sored by the national chemical societies ; 
many are issued by government bureaux and 
other institutions ; a few are purely business 
ventures. Among the last may bo included 
“ trade ” organs, each frankly issued to promote 
the sale of some (commodity through the publi- 
cation of pertinent information (e.g., Bulletin 
of tho Tin Research Institute). 

Another form of basic literature is the patent. 
Leading governments of tho world, recognising 
the results of mental eftbrt as intellectual 
property, have established legal restrictions to 
its use. Details vary with the country but two 
forms are generally affected. Literary and 
artistic products acquire protection by copy- 
right. New and useful discoveries or inventions 
are safeguarded by letters patent. The appli- 
cation for a patent must contain a disclosure of 
the idea claimed patentable. If allowed, the 
patent office publishes a brief announcement of 
the grant, and provides ways for tho acquisition 
of complete copies by interested parties. ^ 

A patent is granted ostensibly to reward the 
meritorious inventor but actually to protect the 
exploiter. Consequently the document is written 
in a manner to secure maximum protection for 
minimum disclosure. Furthermore it pre- 
supposes an intimate acquaintance with the 
prior art and legal practice in phraseology, 
therefore is not easily comprehended by the 
untutored. In spite of these features patents 
form a vitally important division of the chemical 
literature. 

Three other forms of original reports are 
books, masters’ and doctoral dissertations, and 
bulletins of governmentally and privately sup- 
ported laboratories. To-day a book is seldom 
used as the medium for tho announcement of 
recent discoveries because journal articles 
appear more promptly and probably are more 
widely distributed. While complete doctoral 
theses are filed with the proper university officials 
the new and essential parts are usually con- 
densed into one or two papers and published 
with an explanatory footnote in some appro- 
priate periodical. When government bulletins 
are treated in the same way or the agency con- 
cerned maintains its own medium, e.g,, the 
Journal of Research of the National Bureau of 
Standards (U.S.A. 19284- ), the location of pub- 
lished findings is hot difficult. State offices 
frequently issue bulletins, however, that contain 
valuable chemical data lost to all except those 
immediately related because the bulletins are 
not mentioned in the usual guides.® 

Many lists of journals and other primary 
sources have been published with divers objec- 
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tives. In addition to union lists of periodicals ^ 
the synchronistic table * is very useful for disen- 
tangling wrong references. It correlates volume 
number with year of publication. Patent lists 
are of two sorts, official statements of govern- 
ment patent offices ^ which announce new grants 
and unofficial surveys ® restricted in various 
ways. The latter secondary sources, particularly 
German annual summaries and technological 
monographs, may contain extensive tables, 
indexes, or bibliographies topically classified. 

Book lists vary from catalogues limited geo- 
graphically,^ temporally,® or by subject * to the 
monumental “ Union Catalog ” in card form 
at the Library of Congress (Washington, D.C.), 
which, in addition to information about some 
12 million books, indicates where a copy of each 
can be found. Guides to doctoral dissertations 
differ likewise, while keys to government docu- 
ments depend on the official attitude in the 
country of issue. 

One serious impediment to the use of all aids 
just mentioned is that while specifying author, 
title, pagination, publisher, and date they give 
very little information regarding content. The 
average scientificaUy minded person goes to the 
original literature for data about an idea but 
usually has no notion of which other investigator 
gathered and recorded the facts or in what sur- 
roundings he put them. Lists, therefore, at 
best merely help to divide sources into groups : 
unlikely, possible, and probable. Such aid is 
entirely inadequate for saving much time. 

Secondary Sources. — Primary sources total 
well into the millions. In recent normal years 
the annual volume of the two forms, chemical 
articles and patents, as noted by Chemical 
Abstracts, has been approximately forty and 
twenty thousand, respectively. They are un- 
organised except for the type of report to be 
expected in a particular journal. Conse- 
quently the first step necessary to make the 
information available in this volume of publi- 
cation is a secondary source organised to help a 
searcher cull out and locate as directly as 
possible all of the relevant original material. 
Indexes arranged alphabetically according to 
title or author have proved to be of minor value. 
Subject indexes are more useful. Of even 
greater importance are the abstract journals. 
Two, the Chemisches Zentralblatt (1830-h) and 
Chemical Abstracts (1907-b) are especially help- 
ful from the standpoint of complete coverage 
of the chemical literature. Both have such 
coverage as a goal. They try to secure a copy 
of every chemical contribution and prepare an 
abstract, mentioning author, title, location, and 
nature in addition to an adequate summary of 
the contents in order that a reader can deter- 
mine, before consulting the original paper, 
whether it may contain anything of interest to 
him. The abstracts are classified and arranged 
for publication according to field and form 
(article, book, patent, etc.) of the source material. 

The Zentralblatt appears every week, Chemical 
Abstracts twice a month. Both journals under- 
take not only the preparation of abstracts but 
also subject, author, formula, and patent number 
indexes, annual and cumulated. Inexperi- 
enced people often assume that random use of 


these search aids will disclose any desired data 
in print. This assumption is seldom entirely 
true. The likelihood of even partial success 
is far greater when the reader is familiar with the 
principles of construction of the index in hand, 
realises the difficulties inherent in the identifi- 
cation of an author and the problems of 
synonomy,* especially where foreign languages 
are involved. Furthermore so called “ hidden 
information ” is not difficult to locate if one 
realises the importance of correlation in any 
literature search. When an abstract mentions 
experimental results it is often deemed unneces- 
sary to reveal by direct index entry that the 
original article describes the apparatus, con- 
ditions, procedures, and reagents. 

In 1871 the Journal of the Chemical Society 
(London) began to print abstracts chiefly in its 
own field of pure chemistry. Later (1882) the 
Journal of the Soiiety of Chemical Industry 
started an “ Abstracts ” section. As time 
passed considerable overlapping developed so 
the two groups decided to unite their activities 
in a Bureau of Chemical Abstracts. The first 
issue of British Chemical Abstracts appeared in 
1926, “ Bart A, Pure Chemistry ” under separate 
cover; “ Bart B, Applied Chemistry ” still as a 
section of the industrial publication. More 
recently (1937) the journal name was changed 
to British Chemical and Physiological Abstracts. 
Section A is now in three parts : 1 — General, 
Physical, and Inorganic Chemistry ; II — 
Organic Chemistry ; III — Physiology, Bio- 
chemistry, and Anatomy. Section B also has 
three units : I — Chemical Engineering and 
Industrial Inorganic Chemistry, including Metal- 
lurgy ; IJ — Industrial Organic Chemistry ; 
HI — ^Agriculture, Foods, Sanitation. Section C 
covers Analysis and Apparatus. Appropriate 
indexes are supplied. 

Other article journals have published abstracts 
at some period. Examples are : 

Ann. Chim. Phys. . . . 1789-1870 

Dinglers Polytoch. J. . . 1820-1931 

Annalen 1832-1860 

Bull. Soc. chim. . . . 1863-1- 

Z. angew. Chem. . . . 1887-1918 

J. Amer. Chem. Soc. . . 1897-1906 

Chim. et Ind 1919-f- 

Many still do include them. This is particularly 
true of the more specialised publications such 
as the Journal of the Iron and Steel Institute 
(1871-f) and Journal of the Society of Dyers 
and Colourists (1884-f-). In related fields 
Science Abstracts, A, covers physics (1903-f*), 
and Physiological Abstracts (1916-1937) deals 
with biochemistry. 

Early in the development of modem chemistry 
scientists realised the difficulty of keeping them- 
selves abreast of the advances in aU branches. 
Consequently annual survey series were started. 
One of the most important was Liebig and 
Kopp’s “ Jahresbericht . . .” (1847-1910). 

Many of these series ceased publication long ago 
but good ones are still being issued. Among 
the better known are the Annual Reports of the 
Chemical Society (London, 1904-h) and the 

* in this Dictionary material on the Weaiherifig 
of paint wiU be found under the heading Ageing. 
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Applied Chemistry Reports of the Society of 
Chemical Industry (1916-1- ). They are critical 
and, of necessity, brief, but give adequate 
references to the original work. The reviewers 
are active experts in their respective fields. 

Some review books are available covering par- 
ticular subjects. An example is S. Glasstone’a 
“ Recent Advances in Physical Chemistry,” 
Churchill, 1936. The journal, Chemical Reviews 
(1924-f) contains articles devoted to special 
topics. The reference lists are usually important 
and carefully selected. Many periodicals feature 
review articles, especially at the turn of the year. 

Similar to reviews in purpose, although more 
detailed in treatment, are the monograph series, 
some of which cover the entire field of science, 
as the Actualit6s scieiitifiques ot industrielles. 
Others are confined to one branch, e.gr., American 
Chemical Society Monograph Series ; while still 
others are restricted to a single subdivision as 
Die Chemische Analyse, and the Monographs on 
Biochemistry. Individual titles are not easily 
located in libraries cataloging unanalysed series 
unless it is remembered to first look for the series 
title. 

Reference Books. — The next step in the 
process of condensing chemical information 
yields encyclopaodias and dictionaries. These 
names are used somewhat interchangeably and 
may not accurately describe the books to which 
they are applied. This Dictionary is en- 
cyclopaedic in many parts. F. UUmann’s “ En- 
zyklopfi-die der technischon Chemie,” 10 vol. 
and Index,* Berlin, 1928-32, is similar but 
places more emphasis on the patent literature, 
while H. von Fehling’s “ Neues Handwbrter- 
buch . . 10 vol., Vieweg, 1871-1930, is out- 

standing for its bibliographies. 

In addition to the comprehensive works there 
are many books more restricted in field : 
“ Hackh’s Chemical Dictionary,” 3rd ed., 
Blakiston, 1944, by J. Grant, is useful for general 
quick reference. W. Gardner’s “ Chemical 
Synonyms and Trade names,” Van Nostrand, 
1937 ; A. Maerz and R. W. Paul’s “ Dictionary of 
Color,” McGraw-Hill, 1930 ; “ Merck’s Index ” 
of pharmaceuticals, Merck and Co., Rahway, 
N.J., 1940 ; and A. E. Dunstan et al.y “ The 
Science of Petroleum,” 4 vols., Oxford, 1938, 
give some idea of the range of special topics. 

Bilingual and polyglot dictionaries include 
A. M. Patterson’s “ Gorman -English Dictionary 
for Chemists,” 2nd ed., Wiley, 1935, and its 
French-English counterpart, 1921 ; A. W. 
Mayer’s “ Chemisches Fachworterbuch, Deutsch, 
Englisch, Franzosisch . . .,” 3 vols., Spamer, 
1929-h ; Ten Bosch’, “ Viertallig Technisch 
Woordenboek,” Kluwer, Deventes, 4 vols. 
1926-30,t and “ Pitman’s Technical Dictionary 
of Engineering and Industrial Sciences . . 

4 vols., London, 1928-32, in seven languages: 
English, French, Spanish, Portuguese, Italian, 
Russian, and German. Helpful as they are in 
the majority of cases these aids often fail to 
indicate the finer shades of meaning and idioms 
essential for an accurate translation. The larger 

The* first supplement appeared in 1934 under the 
title *' lahresberlchte fiber die Patente und die tech- 
nlBchc liiteratur der Industrlelftnder.” 

t Plus an index announced more recently. 
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one-language dictionaries (Oxford, Webster’s 
. . .) must then be consulted. 

The small one- and two -volume handbooks and 
recipe books are popular among industrial 
chemists, owing in part to the wide variety of 
data includod in each typo. Some of these 
books are revised annually, others at irregular 
intervals. Practically all have outgrown the 
original pocket size. A few examples are : 

F. W. Atack and E. Hope, “ Chemist’s Year 
Book,” London, 1944. 

C. D. Hodgman and H. N. Holmes, “ Hand- 
book of Chemistry and Physics,” 29th ed., 
Chemical Rubber Publishing Co., Cleveland, 
1946. (New editions published at frequent 
intervals.) 

H. Bennett, “ Chemical Formulary,” 1934-{-, 
Vol. 6, 1943. 

R. Biedermaiin, “ Chemiker - Kalender,” 
Springer, 1880+. 

G. 8. Brady, “ Materials Handbook,” 5th ed., 
McGraw-Uill, 1944. 

R. T. Kent, “ Mechanicsal Engineers’ Hand- 
book,” nth ed., 2 vols., Wiley, 1936-38. 

N. A. Lange, “ Handbook of Chemistry,” 
6th ed., Sandusky, Ohio, 1944. 

J. H. Perry, “ Chemical Engineers’ Hand- 
I book,” rev. 2nd ed., McGraw-Hill, 1944. 

S. W. Woolley and G. P. Forrester, “ Recipes 
for the Colour, Paint, Varnish, Oil, Soap, 
and Drysaltery Trades,” 10th ed., 1934. 

I E. Midgley, “ Technical Terms in the Textile 
Trade,” 2 vols., Emmott and Co., 1931. 

Related in purpose to the preceding group is a 
long list of books arranged in di(;tionary form 
which describe commercial chemicals, manu- 
facturing equipment, sources of materials, 
specifications, etc. The following titles indicate 
the range : 

“ British Chemicals and Their Manufacturers.” 
An official directory covering chemicals, 
their trade names, uses, and makers. See 
“ Thomas’ Register ” for American first 
hands. 

“ Chemical Engineering Catalog.” Published 
annually. American equipment, uses, etc. 
Also contains a frequently revised biblio- 
graphy of 2,600-3,000 entries. 

T. C. Gregory, “ Uses and Applications of 
Chemicals and Related Materials,” Rein- 
hold, 1939. 

National Research Council (U.S.A.), “ In- 
dustrial Research Laboratories in the United 
States . . .”, 7th ed., Washington, 1940. 

D. M. Newitt, “ Chemical Industries,” 14th ed., 
London, 1940. Describes materials of con- 
struction, plant equipment and assembly, 
raw materials, and heavy chemicals. Cf. 
Chemical and Metallurgical Engineering. 
For several years this journal has been 
publishing flow sheets of the process in- 
dustries. 

Dictionaries of biography deserve considera- 
tion before leaving the alphabetised form of 
8ourc‘e book. In addition to dates of birth and 
death, education and honours some of these rolls 
include livelihood and a more or less complete 
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list of the writings of each subject. The last is 
an important feature of J. C. PoggendorlF’s 
“ Biograph isch • literarisches Handworterbuch 
. . Verlag Chemio, issued in six series down 
to 1931. It mentions almost all people eminent 
in scientific fields. If an interesting publication 
is discovered reference to Poggendorff should 
disclose every book and article by the same note- 
worthy scientist down to the date of the listing. 

The Who’s Who form of register is usually 
compiled on a geographical or occupational basis 
and is confined to living people. Examples are : 
“ Who’s Who ” (chiefly British), “ Who’s Who in 
America,” “ American Men of Science,” “ W^ho’s 
Who in Engineering,” “ Chemical Who’s Wlio.” 
Other more extensive sources give att(‘ntion 
only to those who have finished their life work. 
The “ Dictionary of National Biography,” over 
sixty volumes with an epitome published in 1930, 
includes British celebrities while the “ Dictionary 
of American Biography,” twenty volumes plus 
an annual supplement, lists about 14,000 
Americans. There are similar compilations for 
people of other countries. 

Bibliographies. — An important factor in 
the success of any research work is a good founda- 
tion, a background of what already has been 
accomplished and the methods employed. They 
indicate the data to be checked under local con- 1 
ditions, the experimental direction, and, above 
all, the exact position and end of the path that 
is to be extended. Before breaking new ground, 
therefore, the experienced investigator first 
orients himself by reading encycloppcdia articles, 
textbooks, and other broad surveys. He then 
seeks, and often finds, a bibliography already 
compiled that may be quickly brought down to 
date. This eliminates time wastage through 
needless repetition of library work already well 
done. 

One of the best guides to published biblio- 
graphies is 0. J. West and D. Bcrolzhcimer’s 
” Bibliography of Bibliographies on Chemistry 
and Chemical Technology,” National Research 
Council (U.8.A.). The main volume covers the 
period 1900-24. Two supplements bring it 
down to 1932. Eor the years preceding 1900 
H. C. Bolton’s “ Select Bibliography of Chem- 
istry,” Washington, may be useful. Attention 
has already been directed to Eehling’s “ Neue 
Handworterbuch . . .” in which every major 
entry is well documented. The lists are not 
critical but fairly complete for the period 
covered. In many of the larger handbooks con- 
cerned with subdivisions of chemistry {vide 
infra) extensive reference lists form a part of 
every section. Some recently published mono- 
graphs on applied chemistry have citations 
numbering into the thousands. The Science 
Museum, South Kensington, London, has pre- 
pared many short bibliographies in mimeo- 
graphed form. Some chemical manufacturing 
companies, as a part of their advertising pro- 
gramme, have issued long lists of references to 
articles discussing recently commercialised pro- 
ducts. Lastly the catalogue cards of many 
libraries carry notations regarding the biblio- 
graphical features of their technical books. 

Inorganic Chemistry. — There are at least 
five important extensive survej^s of inorganic 


chemistry. All are alike in main topic but 
diftbr in age, completeness, arrangement, and 
content. Each one is the best in some respects, 
less satisfactory in others. The titles are ; 

J. W. Mollor, “ Comprehensive Treatise on 
Inorganic and Theoretical Chemistry,” 
16 vols., Longmans, 1922-37. 

J. N. Friend (cd.), ” Textbook of Inorganic 
Chemistry,” 11 vols. (in 21), Griffin, 1914-f . 

P. Pascal (ed.), “ Traits de chirnie min6rale,” 
12 vols., Masson et Cie., 1931-34. 

A)>egg, Auerbach, and Koppel, “ Handbuch 
der anorganischen Chemie,” 4 vols. (in 
13, Hirzel, 1905-f . 

” G melius Handbuch der anorganischen 
Chemie,” 8th ed., edited by R. J. Meyer, 
4 vols., completed, parts of 13 others issued, 
Verlag Chemio, 1924-I-. 

The sequence of subjects in all of these books 
adheres in one way or another to that of the 
elements in the periodic table. The element and 
its properties are usually discussed first. There 
then follows a description of its compounds with 
all elements previously considered. Abegg’s 
Handbuch is the oldest, least complete but most 
critical. Each division was compiled by a well- 
known authority on his subject. The numerous 
reference lists, often chronologically arranged, 
are still very useful. Friend’s Textbook is in 
reality a scries of self-sufficient monographs. 
Each can be revised as advances in the field 
warrant and new titles ('an be introduced with- 
out revision of the set. Some volumes are 
already in the third edition. Mellor’s Treatise 
is the only book of the group written by one 
person. This gives it a continuity and unitary 
point of view not possessed by any of the others. 
The reference lists at the end of each chapter 
are keyed topically to the text. This feature 
occasionally causes trouble in the location of a 
specific citation. This difficulty has been 
practically eliminated in Pascal’s Treatise com- 
piled during a remarkably short period of time 
without suffering in quality. Some of the dis- 
cussions in his book are the best in any language. 
If and when completed Gmelins handbook will 
be the most extensive and the finest reference 
work of the group. It includes not only in- 
organic cliemistry but also analytical properties 
and, for some of the commercially important 
elements, an extensive survey of the patent 
literature. The systematic arrangement makes 
an index unnecessary. 

There is no adequate key to the literature of 
inorganic chemistry, M. K. Hoffmann’s “ Lexi- 
kon der anorganischen Verbindungen,” Barth, is 
a formula index good down to 1910 but there is 
a gap from that date to 1920, when Chemical 
Abstracts started to publish an annual formula 
index. 

On the subject of inorganic laboratoi’y work 
the most recent comprehensive survey is A. 
Stabler ’s ” Handbuch der Arbeitsmethoden in 
der anorganischen Chemie,” De Grniyter, Leip- 
zig, a four- volume set published in 1913-26. 
It includes plans for the construction of a 
laboratory, discusses equipment, and considers 
many inorganic processes. In additition to this 
book there are a few one-volume manuals deal' 
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ing with inorganic preparations, but the litera- 
ture is not as weM assembled as it could be. 
Perhaps the recently started series, “ Inorganic 
Syntheses,” will improve the situation. 

Organic Chemistry. — The literature of 
orgaiii(? (chemistry and the keys to that literature 
are probably better organised than those of any 
other subject. This is due chiefly to two monu- 
mental compilations, “ Beilsteins Handbtich der 
organischen Chemie ” (Springer), and M. M. 
Richter’s “ Lexikon d('r Kohlcnstoffverbin- 
diingen ” (Voss, Leipzig), plus its supplements. 
The 4th ed. of Beilstein, Main Seric^s, Vols. I- 
XX VII, is a summary of the non -theoretical 
literature on all acyclic, isocyclic, and hetero- 
cyclic compounds described })ofore 1010. The 
First Supplement deals with the period 1010- 
1 9 while the Second Supplement * covers the 
next decade. Two index volumes for the Main 
Scries and First Supjilcment are available, 
Vol. XXVITT is a subject key and Vol. XXIX is a 
formula guide. In addition two small portions 
of the material on naturally occurring com- 
pounds and substances of partly known com- 
position have been releasc'd in Vols. XXX and 
XXXI. Beilstein is arranged on the basis of 
structural formidae, from the simplest to the 
most complex, from saturated to the most un- 
saturated, and contains a description of evc^ry 
known compound, its synthesis and j)ropcrti(‘s 
as well as references to the original literature. 
This compendium of over 200,000 substances is 
unquestionably the most important in organic 
chemistry. 

Richter’s I>exikon is a “ systematic (‘ompila- 
tion of the carbon compourKls arranged accord- 
ing to their empirical ff)rmula^” While: some 
data regarding properties are given the chief 
value of this index is in its service as a guide to 
the original literature. Tlie third edition of four 
volumes includes all compounds described before 
1910. Stelzncr’s supplement in five volumes 
covers the period 1910-21. Later additions 
comprise the formula indexes of the Chemisches 
Zentralblatt. 

In 1935 the first volume of Victor Grignard’s 
“ Traits de chimie organ! que ” (Masson et Cie.) 
appeared. This treatise was planned to sum- 
marise in 15 volumes the various phases of 
organic chemistry under such topics as analysis, 
optical properties, saturated hydrocarbons, and 
organometallic compounds. About 12 volumes 
have appeared. A similar treatise in English 
but limited in scope is H. Gilman's ‘ Organic 
Chemistry,” 2nd ed., 2 vols., Wiley, 1943. The 
English version of V. von Richter and R. 
Anschiitz “ Chemistry of the Carbon Com- 
pounds,” 3 vols. in 4,f Blakiston, 1934-f, has 
long been a favoured reference text. 

There are at least three important books deal- 
ing with synthetic organic chemistry. Houben- 
Weyl’s ” Die Methoden der organischen Chemie,” 
3rd ed., 4 vols., Thieme, Leipzig, 1925-41, 
describes all general operations (halogenation, 
nitration, sulphonation . . .) and many specific 
applications of each. H. J. L. Meyer’s ” Lehr- 
buch der organisch-chemischen Methodik,” 3 
vols. ill 6, Springer, 1933-41, was started as a 

* Vols. I-VI of this supplement have been published. 

j The section on heterocyclic compounds is lacking. 


I single volume on analysis and constitution, the 
fifth edition of which appeared in 1938. Volume 
I II, 1933, describes the qualitative and quantita- 
I tive analysis of organic compounds while 
Volume 111, 4 parts, 1938-41, deals with the 
synthesis of all more important compounds. In 
1921 American organic cLemista issued the first 
volume of “ Organic Syntheses ” (Wiley), now 
well cstabliahed as an annual publication of 
testfid methods. These arc cumulated every ten 
years to form a carefully indexed book of 
approximately two hundred procedures. A more 
recent venture is “.Organic Reactions,” Vol. 1, 
Wiley, 1942+, edited by Roger Adams. 

Organic’: eliemistry ia eonc’crned largely with 
the spatial arrangement of carbon atoms and 
various substituents. As the structures become 
more complex a name based on the configura- 
tion of a particular substance can vary with the 
point of view. In order to avoid confusion 
definitive aids have been published. “ The 
Ring Index ” by A. M. Patterson and L. Capell, 
Roinhold, 1940, contains over 4,000 parent ring 
systems with preferred names, numberings, and 
references. Each structure is assigned a number. 
If this key is generaUy adopted no uncertainty 
can arise in any particular discussion regarding 
the specific compound under consideration. The 
same numbering idea is used to identify dyes in 
F. M. Rowe’s “ Colour Index,” Society of Dyers 
and Colourists, 1924-28, and G. Schultz’s 
“ Farbstoff Tabellen,” 7th ed., Leipzig, 1929-f, 
both of wLich systematically list the names, 
constitution, preparation, reactions, and litera- 
ture of commercially important dyes. 

Biochemistry, — The branch of organic 
chemistry known as bio- or biological chemistry 
has many subdivisions. Some of them are 
revealed by the following brief list of reference 
books, the two first mentioned being basic for 
the field. 

E. Abdtu’halden, “ Biochemisches Hand- 
lexikon,” Main vols. 1-7, Springer, 1911-12 ; 
Supplemental vols. 8-14, 1914-33. Aims to 
discuss physical, chemical, and biochemical 
properties of all naturally occurring com- 
pounds. 

C. Oj^penheimer (ed.), “ Handbuch der Bio- 
chemie des Menschen und der Tiere,” 2nd 
ed., 9 vols., Jena, 1923-27 ; 1st Supplement, 
1 vol., 1930 ; 2nd Supplement, 3 vols. in 4, 
1933-36. The bibliographies are especially 
important. 

R. E. Buchanan and E. I. Fulmer, “ Physi- 
ology and Biochemistry of Bacteria,” 3 
vols., Williams and Wilkins, 1928-30. jSee 
reference lists. 

H. Euler, “ Chemie der Enzyme,” 3 vols. in 6, 
Munich, 1925-f. Widely used. 

C. Oppenheimer, “ Die Fermente . . 6th 
ed., 4 vols. in 5, Leipzig, 1925-29; Ist 
Supplement, 2 vols., 1935-39 ; 2nd Supple- 
ment, 1939, ” Bibliographie 1924-38.” The 
most exhaustive study on ferments in print. 

A. W. Bdmer el al,, “ Handbuch der Lebens- 
mittolchemie,” 9 volts.. Springer, 1933-1- . 
An exhaustive treatise on the chemistry of 
foodstuffs. 
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A. L. Winton and K. B. Winton, “ Structure 
and Composition of Foods,” 4 vols., Wiley, 
1932-39. 

A. Heffter and W. Heubner (ed.), “ Handbuch 
der experimentellen Pharmakologie,” 3 vols. 
in 7, Springer, 1920-36, 9 supplemental vols., 
1936-f . A detailed survey. 

E. Abderhalden (ed.), “ Handbuch dcr bio- 
logischen Arbeitsmethoden . . 72 vols. 

in 107 plus a Schlusswort (Berlin and 
Vienna). Exhaustive discussion of bio- 
logical, biochemical, and clinical diagnostic 
methods all well documented. 

Analytical Chemistry. — In earlier days 
whenever a problem of identification or constitu- 
tion arose in the field of analytical chemistry 
only major constituents were desired. To-day 
everyone realises the importance of trace ele- 
ments. The presence or absence of a few parts 
per million of some substance may profoimdly 
affect reaction rates, equilibria, apparent 
properties. Naturally the literature reveals this 
trend as well as the scope of analytical pro- 
cedures and problems. Unfortunately there is 
no Beilstoin of analytical chemistry. The 
nearest approach is a book now used infre- 
quently, viz., A. Rtidisule’s “ Nachweis, Bestim- 
mung und Trennung der chemischon Elemente,” 
Drechsel, Berne. Started in 1913 this com- 
prehensive survey was planned to occupy nine 
volumes but the project was too great for one 
author. Six volumes in seven were finished 
during the first decade; Vol. VII, Sulphur, 
appeared in 1929. Supplement 1, Arsenic — 
Beryllium, was issued in 1936. Sections on 
carbon, nitrogen, phosphorus, the halogens, 
oxygen, hydrogen, noble gases, and commercial 
products are still lacking. A less exhaustive 
summary is the W, W. Scott and N. H. Furman, 
” Standard Methods of Chemical Analysis,” 
6th ed., 2 voLs., Van Nostrand, 1938, written by 
some fifty collaborators. Volume I considers 
procedures for the individual elements while 
Volume II deals with the analysis of commercial 
products and special subjects such as potentio- 
metry, microscopy, and spectroscopy. Some 
of the more specialised books on analytical 
methods are : 

A. H. Allen, ‘‘ Commercial Organic Analysis,” 
6th ed., 10 vols., Blakiston, 1923-33. 
“ Properties, modes of analysis and proxi- 
mate analytical examination of the various 
organic chemicals and products. . . .” 

E. Berl and G. Lunge, ” Chemisch-technische 
Untersuchungsmethoden,” 8th ed. Main 
Series 6 vols. in 6, Springer, 1931-34; 
Supplements, 3 vols., 1939. A compre- 
hensive summary of commercial methods 
for testing raw materials, process control, 
and assay of finished products. An English 
translation of an earlier edition was begtm 
by C. A. Keane and P. C. L. Thorne in 
the late 1920’8. 

H. A. Gardner, “ Physical and Chemical 
Examination of Paints, Varnishes, Lacquers, 
and Colors,” 9th ed., Washington, 1939. 

American Society for Testing Materials, Phila- 
delphia, “ 1942 Book of ASTM Standards ” 
(A Triennial Publication) 1. Metals, II. Non- 


metallic Materials, Construction, III. Non- 
metallic Materials, General. There is a 1943 
Supplement to each volume. 

Association of Official Agricultural Chemists, 
“ Methods of Analysis,” 5th ed., Washing- 
ton, 1940. Revised every five years. The 
methods in this book ” are accepted as 
authoritative in matters at issue before the 
(American) courts.” They cover agricul- 
tural materials and foodstuff's. 

In addition to the preceding, many books are 
available on specific methods such as electro- 
metric, luminescence, micro, polarographic, 
spectroscopic and X-ray techniques. W. Bottger’s 
” Phyaikalische Methoden der analytischen 
Chemie,” 3 vols., Leipzig, 1933-39, summaries 
the more important ones and gives extensive 
reference lists. Procedures for specific materials, 
e.g., brass, fats and oils, ferrous alloys, fuels, ores, 
sugar, water, have been published by individuals 
and associations. Pharmacopoeias of the dif- 
ferent nations contain sections dealing with the 
assay of drugs and medicinals. 

Physical Chemistry. — Physical chemistry 
is the latest main portion to be developed. This 
would lead one to expect a carefully and sys- 
tematically compiled literature prompted and 
guided by experience in the other divisions. 
Perhaps it is yet too young for that. Actually 
the o^y comprehensive survey is K. JcUinek’s 
“ Lehrbuch dcr physikalischcn Chemie,” 6 vols., 
Stuttgart, 1928-33 (Part 14 of Vol. 6 was issued 
in 1935). A smaller book, H. S. Taylor (ed.), 
“ Treatise on Physical Chemistry,” 2nd ed., 
2 vols.. Van Nostrand, 1931, is now being revised 
with the collaboration of S. Glasstone. W. Ost- 
wald’s “ Handbuch der allgemeinen Chemie,” 
9 vols. in 10, Leipzig, 1919-37, is really a series 
of monographs which the co-editors, P. Walden 
and C. Drucker, have striven to vitalise. The 
general tendency in physical chemistry has been 
to emphasise the subdivisions in smaller treatises 
of a few volumes. Some examples follow : 

J. Alexander (ed.), “ Colloid Chemistry — 
Theoretical and Applied,” 6 vols.. New 
York, 1926-44. 

H. J. Creighton and W. A. Koehler, “ Electro- 
chemistry,” Vol. I, 4th ed., Vol. II, 2nd ed., 
Wiley, 1943-44. 

K. J. Freudenberg (ed.), ” Stereochemie,” 3 
vols,, Leipzig, 1933. 

H. Freundlich (ed.), “ Colloid Investigation 
Monographs,” Vol. II, Leipzig, 1934. 
Founded by R. Zsigmondy. 

H. B. Weiser, “ Inorganic Colloid Chemistry,” 
3 vols., Wiley, 1933-38. 

An important laboratory guide is J. Reilly and 
W. N. Rae’s “ Physico-chemical Methods,” 3rd 
ed,, 2 vols., Methuen, 1940. A similar book is 
the Ostwald-Luther, “ Hand- und Hilfs-buch 
zur Ausftihrung physikochemischer Messungen,” 
5th ed., Leipzig, 1931, edited by C. Drucker. 

Physical constants have been assembled and 
published as general surveys and for individual 
properties. There are two outstanding examples 
of the first group. One has two supplements 
under difFerent names. 

H. Landolt and R. Bdmstoin, Physikalisch- 
chemische Tabellen,” 6th ed., with three 
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supplements, 8 vols., Springer, 1923-36. 
The Third Supplement contains a cumulated 
key to the entire set. 

E. W. Washburn (ed.), “ International Critical 
Tables of Numerical Data, Physics, Chem- 
istry and Technology,” 7 vols. and Index, 
McGraw-Hill, 1926-33. Undoubtedly the 
most complete and comprehensive r68um6 
of numerical data in print. 

C. Marie (ed.), “ Tables annueles de con- 
stantes et donne^s num^riques ” (Paris). 
Started in 1910 the 14 volumes have ap- 
peared at irregular intervals and covered 
varying periods. The first five issues (1910- 
22) formed the basis for “ International 
Critical Tables ” and later ones serve as 
supplements. Two cumulated indexes cover 
Vols. I-V and VI-X. 

N. Then (ed.), “ Annual Tables of Physical 
Constants and Numerical Data,” Princeton, 
N.J., 1941-f ; a continuation, in looseleaf 
form, of the “ Tables annuelles.” 

Surveys of individual properties have been 
confined to those frequently needed in the 
laboratory for purposes of identification or 
other operations. The four titles following are 
illustrative. 

G. Egloff, “ Physical Constants of Hydro- 
carbons,” Reinhold, 1939-f. Carefully se- 
lected values are given for the melting-point, 
boiling-point, specific gravity and refractive 
index of pure hydrocarbons. 

I. M. Heilbron and H. M. Bunbury, “ Dic- 
tionary of Organic Compounds,” Revised 
edition, 3 Vols., London, 1943+. 

G. H. H. Kayser, “ Tabelle der Schwingungs- 
zahlon . . . Wcllenlftngen zwischen 2,000 a. 
and 10,000 a.,” Hirzel, Leipzig, 1925. A 
revision with corrections incorporated by 
W. F. Meggers has been published by J. W. 
Edwards, Ann Arbor, Michigan, U.S.A., 
1944. 

R. Kempf and F. Kutter, “ Schmelzpunkt* 
Tabellen zur organischen Molekular - 
Analyse,” Vieweg, 1928. 

A. Seidell, “ Solubilities of Inorganic and 
Organic Compounds,” 3rd ed,, 2 vols., 
Van Nostrand, 1940-41. 

Industrial Chemistry. -^Industrial chem- 
istry has many aspects. Factors in the economic 
success and survival of any manufacturing con- 
cern are plant location, construction, operation, 
and maintenance; selection, evaluation, and 
processing of raw materials ; quality control and 
marketing of the final product ; personnel 
problems and legal entanglements. Books con- 
taining the records of past activities can be very 
helpful not only with present problems but also 
in planning for the future. All phases cannot 
be included here but some of the more important 
discussions of chemical features are indicated. 

E. Berl (ed.), “ Chemischo Ingenieur-Technik,” 
3 vols., Springer, 1935. Calculations, plant, 
and unit processes. 

A. Euoken and M. Jakob (ed.), “ Der Chemie- 
In^enieur . . .”, 3 vols. in 13, I.<eipzig, 
1932-40. A handbook of physical processes, 
chemical operations and their control. 


A. J. Hale, “ Modern Chemistry Pure and 
Applied,” 6 vols., London, 1921+ . 

A. Rogers, ” Industrial Chemistry,” 6th ed.. 
Van Nostrand, 1942, edited by C. C. Furnas. 
M. D. Curwen, ” Chemistry in Commerce,” 
4 vols., London, 1937 (?). 

V. Engelhardt (ed.), ” Handbuch der Tech- 
nischen Elektrochemie,” 3 vols. in 6, Leip- 
zig, 1931. 

G. Helftor, “ Chemie und Technologic der 
Fette und Fettprodukte,” 2nd ed., 5 vols. 
(3 and 5 lacking). Springer, 1936+. Edited 
by H- Schonfeld. 

G. Lunge and A. C. Cummings, “ Manufacture 
of Acids and Alkalis,” 6 vols., 1923-25. 

O. Bauer, O. Krohnke, and G. Masing, “ Die 
Korrosion metallisoher Werkstolfe,” 3 vols., 
Hirzel, 1936-41. Includes protection from 
corrosion. 

A. Brauer and J. D’Ans, “ Fortschritte in der 
anorganisch-chomischen Industrie,” 1921+ . 
Vol. I, 1877-1900; Vols. II-IV, 1911-32; 
Vol. V, 1933-37. 

P. Friedlander, “ Fortschritte der Teerfarben- 
fabrikation und verwandter Industriez- 
weige,” Springer, 1877+ . Complete text of 
patents in the field of coal tar chemistry. 
H. E. P'ierz-David has edited Vol. 14 et seq. 

J. Houbon, ” P'ortschritto der Heilstoff- 
chemie,” Berlin, 1926+ . Part I deals with 
patents, 1877+. 
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NOMOGRAMS (v. Vol. Ill, 3c, r>a). 

NONANE, C9H20, is the ninth raenil)or of 
the homologous aeries of saturated aliphatic 
hydrocarbons, C„H2«+2- Thirty-five isomeric 
nonanes are possible theoretically (excluding 
stereoisomers) and about 24 have been described 
in the literature. A list has been drawn up by 
Francis (Ind. Eng. Chera. 1943, 35, 442) giving 
calculated values of boiling points, densities, and 
refractive indices for all isomers, together with 
observed values where known. 

w-Nonane, CH3-[CH2]7*CH3, has b.p. 150-71°, 
f.p. -53-09^ pf 0-71790, and 1-40562. It 
occurs naturally in petroleums, and can be 
prepared as follows : cenanthol (ri-heptaldehyde) 
is treated with ethyl magnesium bromide to 
give nonanol-3, which reacts with phosphorus 
and iodine to give the halogenatcd product ; 
this is boiled with alcoholic potash to yield 
nonene, which is then hydrogenated (Mair, 
Chem. Zentr. 1933, T, 402 ; Wibaut et al., Rec. 
trav. chim. 1939, 58, 359). 

When heated at 475*^ in the presence of 
CPjOg — CoO and AlgOg — CrjOj — CoO cata- 
lysts, 7t- nonane is dehydrogenated and cyclised 
to o-ethyltoluene (Sergienko, Chem. Zentr. 1942, 
I, 2219). 

Vapour-phase nitration of n-nonane with 
nitrogen peroxide at 200° gives a mixture of 
mono- and di-nitrononanes (Urbanski and Sion, 
Compt. rend. 1937, 204, 870). 

When heated with anhydrous aluminium 
chloride for 8 hours, n-nonane is split into 
butane and pentene, the latter being then trans- 
formed into eyeZopentane under the influence of 
the catalyst (Cox, Bull. Soc. chim. 1925, [ivj, 
87, 1549). 

B. A. K. 

NONOIC ACIDS. The most important 
of the 89 possible nonoic acids of the formula 
CgH^COOH is n-nonoic acid (nonic, nonanoic, 
nonylic, pelargonic acid). This has been isolated 
from the oil of Pelargonium roseum (Pless, 
Annalen, 1846, 59, 54), from Japan wax and 
from fusel oils. It is conveniently prepared by 
the decarboxylation of heptyl malonic acid, 
prepared from diethyl malonate, w-heptyl 
bromide and sodium n-butoxide in w- butyl 
alcohol (Organic Syntheses, Coll. Vol. II, 1943, 


p. 474). It has also been made by the hydrolysis 
of octyl cyanide, by the oxidation of oleic acid 
(G.P. 665158) or oil of rue, by an aceto-acetate 
synthesis, or by fission of undecylenic acid with 
potassium hydroxide. 

w-Nonoic acid has m.p. 12-5°, b.p. 263-254°, 
pf® 0*9109. Methyl ester, b.p. 213-214°, ethyl 
ester, b.p. 216-219°, anhydride, m.p. 16°, nitrile, 
b.p. 224°, amide, m.p. 98*9°, acid chloride, b.p. 
215°, anilide, m.p. 57 5°, a-naphthylamide, m.p. 
91°. 

Passage of the acid mixed with formic acid 
over titanium dioxide at 300° gives an 85% yield 
of pclargonaldeliyde, CH3*[CH2]-7'CHO, b.p. 
190-192° (Sabatier and Mailhc, Compt. rend. 
1912, 154, 563). The acid is converted into 
methyl n-hexyl ketone by Penicillium glaucum 
(Starkle, Biochem. Z. 1924, 151, 403), and the 
same ketone can be prepared by the oxidation 
of the sodium or ammonium salt with hydrogen 
peroxide (Dakin, Amer. Chem. J. 1910, 44, 46). 

B. A. K. 

NONTRONITE. A member of the iso- 
morphous montmorillonite group (?^. this Vol., 
p. 235J) of clay minerals, 

F 6281^0^0 (OH ) 2 ,wH 20 . 

It corresponds to montmorillonite in which the 
aluminium has been wholly replaced by iron 
ions. Its presence in clays and soil colloids can 
be detec :ed by A’^-ray diff^raction data. 

D. W. 

NOPAL (2). Vol. Ill, 22Gc). 

N O P I N E N E {v. )9-Pinene, under Terpenes). 

N O P I N O N E ( <;. jS-Pinone, under Terpbnes). 

{V, Vol. I, 153a; II, 316J). 

NORMAL TEMPERATURE AND 
PRESSURE (“N.T.P.”) (Sometimes 
called “ Standard Temperature and Pressure, 
“ S.T.P.”) A temperature of 0"c. and pressure 
of 1 atmosphere (76 cm. of mercury). 

N.T.P. is the arbitrary reference state 
generally adopted for the measurement and 
comparison of densities and volumes of gases. 
The “ normal ” density of a gas is its mass per 
litre when it is at N.T.P. In practice, densities 
and volumes of gases are rarely measured at 
N.T.P., but are corrected to that state by making 
use of the known properties of the gas. Thus, 
in the case of the so-called permanent gases, it 
is generally sufficiently accurate to apply the 
ideal-gas laws, provided the gas is studied at a 
state not too far removed from N.T.P. If a 
given mass of such a gas occupies a volume V 
when it is at a pressure P cm. of mercury, and 
temperature Pc., its volume at N.T.P. would be 

F{273-l/(273-l-hZ)}(P/76). 

(0°c. being 273* 1°K. on the absolute scale). 

If the volume of a gas is measured over, for 
instance, water, it is, of course, necessary to 
allow for the partial pressure of water vapour 
(p) at that temperature when reducing the gas 
volume to N.T.P. ; P, the total pressure, is then 
replaced by (P-p) in the above expression. 
When the normal density of a gas is required 
very accurately, it is necessary to xise the 
P-F relations of the gas (determined experi- 
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mentally) rather than the ideahgas laws when 
correcting to N.T.P. 

The density of hydrogen at N.T.P. is 0-08988 
g. per 1., and that of oxygen 1-4290 g. per 1. 
The volume occupied by 1 gram -molecular 
weight of any “ ideal ” gas at N.T.P. is 22-4 1. 

N.T.P. has also been used to a small extent as 
a standard reference state for the compilation 
of the thermocbomical properties of pure solids 
and liquids, but the modern preference for this 
purpose is (for practical reasons) 18°c., or 25°o., 
and 1 atmosphere {cf. F. R. Bichowsky and F. D. 
Rossini, “ The Thermochemistry of Chemical 
Substances,” New York, 1936). 

J. A. K. 

NOVOCAINE (v. Vol. I, lb, 369a; II, 34b). 
NUCIN, jugloiie, regianin, 5 -hydroxy- 1 :4- 
naphthaquinone, reddish-yellow crystals, m.p. 
153-154°, occurs in the shells of walnuts 
(Juglans regia) and is used as a hair dye {v. 
Vol. VI, 1716). 

J. N. G. 

NUCITE {V. Vol. VI, 495a). 

NUCLEIC AC IDS. The term nucleic acid, 
originally coined to denote phosphorus-con- 
taining compounds prepared by Mieschcr from 
the nuclei of salmon sperm, has come in course 
of time to include not infrequently all compounds 
which conform to the pattern of the nucleotide 
unit. Nucleotides consist of a nitrogenous base 
united through a glycosidic linkage with a sugar 
molecule which is esterified by orthophosphoric 
acid. The naturally occurring nucleotides con- 
tain either a purine base (guanine, adenine, 
hypoxanthine), or a pyrimidine base ((cytosine, 
uracil, thymine), or in the allied coenzymes 
nicotinamide or alloxazine (glycosidic link 
reduced). Closely related to the nucleotides are 
the nucleosides, combinations of base and sugar 
devoid of phosphoric acid. These are either 
formed by hydrolytic or enzymic dephosphory- 
lation of the nucleotides or occur naturally ; 
in the latter case the bases are woguanine, uric 
acid, divicine or adenine. With only two 
exceptions (adenine thiomethyl pentosidc and 
divicine glucoside) the sugars of the natural 
nucleotides are pentoses or deoxypentoses, and i 
where examination has been adequate these are j 
d-ribose and d-2-deoxyribo8e. 

Although certain nucleotides occur in nature 
singly and as dinucleotides, those derived from 
guanine, adenine, cytosine, uracil, and thymine 
exist as complex polynucleotides of medium to 
high molecular weight, and it is to these com- 
pounds that the term nucleic acid is applied in 
its more limited sense. This review is concerned 
with these polynucleotides, but it should be 
realised that the differentiation is made for 
reasons of convenience of treatment only and is 
inherently unsound, since the problems en- 
countered are generally applicable throughout 
the whole nucleotide field. 

OcOtrRRBNCB AND CLASSIFICATION. 

A division of nucleic acids into two classes 
according to the nature of the carbohydrate 
(pentose and deoxypontose) resulted initially 
from the work of Kossel and his collaborators, 
who showed that the nucleic acid of yeast con- 
tained a pentose sugar (Kossel, Arch. Anat. 


Physiol. 1891, 191) whereas the nucleic acid of 
thymus gland did not {v. infra) since it gave no 
furfural on distillation with acid (Kossel and 
Neumann, Bor. 1893, 26, 2753). As a result of 
these and similar investigations it came generally 
to be believed that the i)entosc and deoxypentose 
nucleic acids were characteristic of, and re- 
stricted to, plant and animal cells respectively. 
Thus, a nucleic acid of pancreas was found to be 
of the deoxy-type (Levene, Z. physiol. Chem. 
1903, 39, 4) whereas that obtained from wheat 
germ was a ribonucdeic acid (Osborne and Harris, 
ibid. 1903, 36, 85). In 1894, however, Hammar- 
sten {ibid. 1894, T9, 19) isolated two nucleo- 
proteins from pancreas which were later shown 
by Steudel (ibid. 1907, 53, 539) to yield a 
deoxypentose nucleic acid and a pentose nucleic 
acid respectively. This threw doubt on the 
classification into plant and animal nucleic 
acids in favour at that time, and all subsequent 
work (see Gulland, J.C.S. 1938, 1722) has con- 
firmed the view that both nucleic acids are 
chara(;teri8tic of all living cells. Up to date no 
nucleic acid has been found to contain both 
pentose and deoxypentose sugars, and there are 
no proofs that the acids of each of the two types 
are similarly constituted as regards the arrange- 
ment or mode of linkage of their component 
nucleotides, nor in fa(;t that all the acids of either 
typo obtained from different natural sources are 
identical in the organisation of their nucleotides. 
Suggestions have been made that the molecules 
of the pentose nucleic acid of yeast and the 
deoxypentose nucleic acid of thymus gland are 
composed of polymerised tetranucleotides con- 
sisting of one of each of the four relevant 
nucleotides, but it is v^ery doubtful whether this 
view can be held with certainty and there are no 
indications that the conception is of general 
application. 

Yeast remains one of the more convenient 
sources of an acid of the pentose type, but such 
acids have also been isolated from bacteria (Cog- 
hill, J. Biol. Chem. 1931, 90, 57), from wheat 
germ (Osborne and Harris, l.c. ; Clarke and 
Schryver, Biochem. J. 1917, 11, 319), from rye 
ergot (Gatty-Kostyal and Tesartz, Wiadom. 
Farm. 1936, 63, 213, 229, 245), from pancreas 
(Hammarsten, Hammarsten, and Olivecrona, 
Acta. Med. Skand. 1928, 68, 215; Steudel, Z. 
physiol. Chem. 1935, 231, 273; 1936, 241, 84; 
Ijorpes, Acta. Med. Skand. 1928, 68, 253; 

! Biochem. J. 1934, 28, 2102), from numerous 
other tissues (see Davidson and Wa3anouth, 
Nature, 1943, 152, 47, for references to the 
occurrence of ribonucleic acid in animal tissues) 
and from viruses (Loring, J. Biol. Chem. 1939, 
130, 251 ; Hoagland, Ann. Rev. Biochem. 1943, 
12, 615 ; Stanley, ibid. 1940, 9, 546). 

A rich source of deoxypentose nucleic acid is 
the thymus gland, but acids of this type are 
present in all tissues which have been sufficiently 
examined, whether of plant or animal origin. 
Thus they have been obtained from intestinal 
mucosa (Araki, Z. physiol. Chem. 1903, 38, 98), 
spleen, pancreas, and liver (Levene, J. Biol. 
Chem. 1921, 48, 177), besides numerous other 
animal tissues such as fish sperm, testicle, 
placenta, mammary gland, kidney, brain, 
thyroid, and erthrocyte (for references, see P. A. 
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Levene and L. W. Bass, “ Nucleic Acids,” Chetn. 
Cat. Co., 1931) and are known to be present in 
yeast (Delaporte and Roukhelman, Corapt. rend. 
1938, 206, 1399), onion bulbs (Belozerski, Compt. 
rend. Acad. Sci. U.R.S.S. 1939, 25, 76), bacteria 
(Brown and Johnson, J. Biol. Chem. 1923, 57, 
199), rye ergot (Gatty-Kostyal and Tesartz, 
lx.), horse chestnut seeds (Belozerski and 
Bubrovskaja, Biochiraia, 1936, 1, 666), French 
and Soya bean seedlings {idem, ibid. pp. 134, 
255), and other plant tissues (see GuUand, J.C.S. 
1938, 1722). Deoxyribonucleic acid has been 
identified in only a few viruses, for example 
those of psittacosis (Robinow and Bland, 
Nature, 1938, 142, 720), vaccinia (Hoagland, 
Lavin, Smadel, and Rivers, J. Exp. Med. 1940, 
72, 139), rabbit papilloma (Taylor et al., J. In- 
fectious Diseases, 1942, 71, 110), influenza and 
swine influenza (Taylor et al., J. Immunol. 1943, 
47, 261; 1944, 48, 129, 361; J. Biol. Chem. 
1944, 153, 676). 

It is seen, therefore, that the belief that one 
type of nucleic acid is characteristic of plant 
and the other of animal cells, is no longer tenable. 
As a result of the work of the last twenty years, 
however, the idea has arisen that deoxypentose 
nucleic acid is present in the nucleus, pentose 
nucleic acid in the cytoplasm. Feulgen, 
Behrens, and Mahdihassan (Z. physiol. Chem. 
1937, 24^, 203) separated the cell nucleus from 
the cell membrane of rye germ and showed that 
the nucleus contained a nucleic acid of the 
deoxypentose type whereas the cytoplasmic 
portion yielded a pentose nucleic acid (Behrens, 
ibid. 1938, 258, 185). Furthermore, Delaporte 
and Roukhelman (Compt. rend. 1938, 206, 
1399) reported the presence of deoxypentose 
nucleic acid in the nucleus of the yeast cell and 
pentose nucleic acid in the metachromatic 
granules. This method of studying the location 
of the nucleic acids in the cell, however, presents 
serious experimental difficulties and most of the 
work has been carried out by histochemical ' 
methods. 

The microscopic identification of the exact 
position of the two nucleic acids in tissues 
depends on two factors. First, by virtue of the 
purine and pyrimidine bases present in the 
molecules, nucleic acids of both types show 
selective absorption at about 2,600 a. Second, 
the deoxy-sugar liberated from deoxypentose 
nucleic acid by acid hydrolysis is able to restore 
the colour to decolorised magneta, the so-called 
Feulgen reaction, and this does not occur in the 
case of the pentose nucleic acids. By measuring 
the absorption in the region of 2,600 a. at 
different positions in the cell, a picture of the 
distribution of compounds containing purines 
and pyrimidines is obtained (Caspersson, 
Skand. Arch. Physiol. 1936, Suppl. 8). The 
distribution of deoxyribonucleic acid is deter- 
mined by staining with Feulgen’s reagent (see 
Feulgen, in Abderhalden, 1932, V. 2, ii, 1056). 
Material which shows absorption at 2,600 a. 
but does not stain with Feulgen’s reagent is 
regarded as being pentose nucleic acid, although 
obviously the method cannot distinguish 
between nucleic acid and nucleotides. 

Using these methods of investigation, pentose 
nucleic acid has been identified in the cytoplasm 


of rapidly growing tissues (Caspersson, Nature, 
1939, 143, 6^02) and in the nucleolus (Caspersson 
and Schultz, Proc. Nat. Acad. Sci. 1940, 26, 
607) and deoxypentose nucleic acid is found to 
be confined to the chromosomes (for discussion, 
see Callan, Nature, 1943, 152, 603). A discussion 
of the biological interpretation of these results 
has been given by Darlington {ibid. 1942, 149, 
66 ). 

Feulgen’s reagent is frequently regarded as 
being specific for deoxypentose nucleic acid, but 
this is by no means certain, and further doubt 
has been cast on results obtained with it by 
Stedman and Stedman {ibid. 1943, 152, 267, 
603, 557), who claim to have isolated from the 
chromosomes an acidic protein, chromosomin, 
8aid;;to form the major part of the chromosome 
threads. The staining of the nucleus by the 
Feulgen reagent is interpreted as a simple pro- 
cess of staining the acidic protein, chromosomin, 
by the basic dyestuff* produced from the inter- 
action of the Feulgen reagent and deoxypentose 
nucleic acid (Choudhuri, ibid. 1943^ 152, 467), 
which is thought to be present not in the chromo- 
somes but in the nuclear sap. These objections 
are not considered to invalidate completely the 
earlier conclusions (Callan, l.c. ; Barber and 
Callan, ibid. 1944, 153, 109; Caspersson, ibid. 
1944, 153, 499 ; Stedman and Stedman, ibid., 
p. 600) and the question should be regarded at 
present as sub judice. 

Isolation of Nucleic Acids. 

The main stages in the isolation of nucleic 
acids are the destruction of the tissues, the 
separation of the nucleic acid from protein, and 
finally the precipitation of the nucleic acid. In 
the preparation of both pentose and deoxypen- 
tose nucleic acids, the two former processes are 
commonly carried out by means of sodium 
hydroxide. The use of this reagent during the 
extraction, however, has the great disadvantage 
that the nucleic acid molecule may be degraded 
during the process of isolation. In order to 
avoid such decomposition, other reagents have 
been tried, such as sodium chloride (Clarke and 
Schryver, Biochem. J. 1917, 11, 319) ; in this 
case there are other technical objections. Heat 
denaturation of the protein, possibly appficable 
in certain cases only, proved highly successful 
in the isolation of the pentose nucleic acid of 
tobacco mosaic virus (Cohen and Stanley, 
J. Biol. Chem. 1942, 142, 863). Perhaps the 
most efficient method so far described for the 
disintegration of tissues and concomitant 
hberation of the nucleoprotein content of the 
cells is that described by Sevag and Smolens 
{ibid. 1941, 140, 883) for the isolation of bacterial 
nucleic acids. The bacterial cells are disrupted 
by ultrasonic waves, and centrifugation of the 
cellular debris leaves a solution containing the 
nucleoprotein. Nucleoproteins obtained thus 
are claimed to consist of covalent compounds of 
the two components, but in general little is 
known of the exact modes of union in nucleo- 
proteins and it is possible that polar and non- 
polar linkages are both involved. The methods 
of isolating nucleoproteins and nucleic acids 
have been discussed by GuUand, Barker, and 
Jordan (Ann. Reviews Biochem. 1946, 14 , 176), 
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Isolation of Nucleotides feom Nucleic 
Acids. 

Pentose Nucleotides. — On mild alkaline hy- 
drolysis the pentose nucleic acids so far in- 
vestigated yield a mixture of four nucleotides, 
guanylic, yeast adenylic, cytidylic, and uridylic 
acids. The pentose nucleic acid of yeast has 
been studied in most detail and in this acid the 
four nucleotides are stated to be present in 
equimolecular quantities (lA^vene and Jacobs, 
Ber. 1911, 44, 1027; Jones, J. Biol. Chem. 
1916, 24, 1; Hoffmann, ibid. 1927, 78, 15; 
Kobayashi, J. Biochom. Japan, 1932, 15, 261 ; 
Graff and Maculla, J. Biol. Chem. 1935, 110, 
71). This condition does not apply to other 
pentose nucleic acids since a higher proportion 
of guanylic acid is present in the pentose 
nucleic acid of pancreas (Stoudel, Z. physiol. 
Chem. 1935, 231, 273; 1936, 241. 84; Jorpes, 
Biochem. J. 1934, 2102 ; Levene and Jorpes, 
J. Biol. Chem. 1930, 86, 389), and Loring {ibid. 
1939, 130, 251) reported a 20% deficiency of 
purines in the nucleic acid of tobacco mosaic 
virus and suggested the existence of an isomeric 
uridylic acid. 

The isolation of nucleotides from the products 
of hydrolysis presents some difficulty and several 
methods of separation are available, each pos- 
sessing certain advantages (Buell and Perkins, 
ibid. 1927, 72, 21; Levene, ibid. 1918, 33, 425; 
1919, 40, 415 ; Buell, ibid. 1943, 150, 389). 

The two purine nucleotides guanylic acid and 
adenylic acid differ very markedly from the 
pyrimidine nucleotides, cytidylic acid, and 
uridylic acid, in their stability towards hydrolysis 
by acids, the former readily undergoing fission 
both at the glycosidic and ester linkages. The 
latter, however, are relatively stable and it is 
possible to apply this distinction in preparing 
the pyrimidine nucleotides from the pentose 
nucleic acid of yeast (Levene and Jacobs, Ber. 
1911, 44, 1027 ; Thannhauser and Dorfmiiller, 
Z. physiol. Chem. 1919, 104, 65 ; Bredereck and 
Richter, Ber. 1938, 71 [B], 718). 

Deoxypentose Nucisotides. — Although the pre- 
sence of the nucleotide pattern in deoxypentose 
nucleic acid was readily demonstrated, the 
preparation of all four nucleotides from the 
products of hydrolysis of this nucleic acid was a 
more difficult task. Levene and Mandel {ibid. 
1908, 41, 1905) and Thannhauser and Ottenstein 
(Z. physiol. Chem. 1921, 114, 39) isolated two 
pyrimidine nucleotides, containing thymine and 
cytosine respectively, from the products of acid 
hydrolysis. The two purine nucleotides cannot 
be obtained in this way, however, because they 
undergo fission during this process. Further- 
more, deoxypentose nucleic acid is much more 
stable in alkaline solution than pentose nucleic 
acid and could not be broken down into a mix- 
ture of nucleotides by this means. The difficulty 
was partly overcome by Levene and London 
(J. Biol. Chem. 1929, 81, 711 ; 83, 793) who spUt 
the molecule of nucleic acid enzymatically by 
means of intestinal juice, but the nucleotides 
first produced were dephosphorylated to nucleo- 
sides aijd also deaminated by other enzymes 
present. Finally, Klein and Thannhauser (Z. 
physiol. Chem. 1933, 218, 164, 173 ; 1934, 224, 


173, 252 ; 1935, 281, 96) succeeded in preparing 
the deoxypentose nucleotides of adenine, 
guanine, cytosine, and thymine by the action on 
the nucleic acid of an extract of intestinal 
mucosa, in which the phosphatase was inhibited 
with arsenate ions and the deaminase with silver 
ions. These nucleotides were also dephosphory- 
lated enzymatically to give the corresponding 
nucleosides. The method of isolating the 
adenine nucleoside from the hydrolysis product 
of deoxypentose nucleic acid has recently been 
improved (Brady, Biochem. J. 1941, 35, 855). 

Structure of the Nucleosides and 
Nucleotides. 

The purine nucleotides on mild acid hydrolysis 
yield one molecule each of phosphoric acid, 
d-ribose or deoxyribose and a purine base. The 
pyrimidine nucleotides are so resistant towards 
hydrolysis by acid that the conditions necessary 
for the hydrolysis of the nucleotide are sufficient 
to bring ab^)ut further decomposition of the 
liberated sugar. The identifications of the 
purine and pyrimidine bases in the nucleotides 
were carried out at an early date, and for these 
the monograph by P. A. Levene and L. W. 
Bass, “ Nucleic Acids,” Chemical Catalogue 
Co., 1931, should be consulted. 

The designation of the sugar as d-ribose in the 
pentose nucleotides was made by Levene and 
co-workers in 1909 after several other investi- 
gators had reached other conclusions. (For a 
summary of the literature, see Gulland and 
Barker, J.C.S. 1943, 625.) 

The isolation of a pure sugar from the products 
of hydrolysis of the deoxypentose nucleotides 
proved extremely difficult. At one stage it was 
concluded that a hexose was concerned in the 
nucleotide molecule l)ecau8e leevulinic acid was 
formed during acid hydrolysis ; this did not, 
however, explain the unusual instability of the 
sugar. Finally, Levene and London (J. Biol. 
Chem. 1929, 81, 711) showed that the analysis 
of the guanine nucleoside from nucleic acid 
corresponded to that of a guanine deoxypento- 
side and that both the nucleoside and the sugar 
derived from it gave a positive test with Kiliani’s 
reagent. Comparison of this sugar with syn- 
thetic d-2-deoxyribo8e showed them to be 
identical (Levene and Mori, ibid. 1929, 88, 803 ; 
Levene, Mikeska, and Mori, ibid. 1929-30, 85, 
785). The hypoxan thine, cytosine, and thymine 
nucleosides, on analysis, were also found to be 
deoxypentosides, but as far as is kn«wn the 
sugars from these nucleosides have not been 
isolated and characterised, and they are assumed 
to be d- 2 -deox 3 iTibo 8 e by analogy with guanine 
deoxyriboside. 

The ring-structure of the sugars in the 
nucleosides has been shown to be of the furanose 
type by three distinct methods. First, the 
ribose of the purine and pyrimidine nucleosides, 
when methylated and oxidised yielded di- 
methoxysucinnic acid (Levene and Tipson, ibid. 
1932, 94, 809; 97, 491; 1933, 101, 529). 

Second, these nucleosides and also the purine 
and pyrimidine deoxypentosides reacted with 
triphenylmethyl chloride, which was shown by 
Bredereck to react with a primary alcoholic 
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group and not with a secondary alcoholic group 
(Levene and Tipson, ibid. 19J14, 105 , 419; 1935, 
109 , 623 ; Bredereck, Bor. 1932, 65 [B], 1830 ; 
1933, 66 [Bl, 198; Z. physiol. Chem. 1934, 223 , 
61). Hockett and Hudson (J. Amer. Chem. 
Soc. 1931, 53 , 4456), however, observed that in 
certain sugars a secondary ah-oholic group is 
attacked by triphenylmethyl chloride, and this 
invahdates, to some extent, the evidence for 
the furanose structure based on this method. 
More recently, the furanosidc structures of 
adenosine, guanosine, and yeast adenylic acid 
have been confirmed by means of periodate 
oxidations (Lythgoe and Todd, J.C.S. 1944, 592). 

The remaining problems in connection with 
the nucleotides arc concerned witli the union 
of the components. Gulland and co-workers, 
by comparing the ultra-violet absorption spectra 
of the natural nucleosides with those of appro- 
priately substituted purine bases of known 
constitution, demonstrated that all known 
purine nucleosides arc O-substituted purines 
{ibid. 1934, 1639; 1936, 765; 1937, 1912; 1938, 
692; 1939, 1369, 1784). The point of attach- 
ment of the pentose to the pyrimidine bases 
cytosine and uracil is the same, because treat- 
ment of cytJdine or cytidylic acid with nitrous 
acid produces compounds identical with natural 
uridine and uridylic acid respsetively (Bredereck, 
Z. physiol. Chem. 1934, 224 , 79 ; Levene and 
Jacobs, Ber. 1910, 43 , 3159). Uridine was 
methylated and subsequently hydrolysed to give 
l-methyluracil (Levene and Tip.son, J. Biol. 
Chem. 1934, 104 , 385) thus excluding position 1 
as the point of attachment of the sugar, and 
Hilbert and liist {ibid. 1937, 117 , 371), by com- 
paring the ultra-violet absorption spectrum of 
uridine with that of uracil in which the hydrogen 
atom in position 3 and the hydrogen atom of the 
hydroxyl group in position 2 are substituted, 
showed that the sugar was attached to the 
pyrimidine ring at position 3. It is usually 
assumed, by analogy with the pyrimidine 
pentosides, that the deoxypentose radical sub- 
stitutes hydrogen in position 3 of thymine and 
cytosine in the pyrimidine nucleotides, but no 
direct evidence on this point has been obtained. 

The position of attachment of the phosphoryl 
group in the pentose nucleotides was at first 
the cause of confusion, since it was fomid that 
whereas the phosphoryl group was easily re- 
moved by acid hydrolysis from the purine 
pentose nucleotides of yeast nucleic acid, the 
closely related nucleotides inosinic and muscle 
adenylic acids were much more resistant to 
hydrolysis. Ultimately, it was shown that the 
phosphoryl radicals esterify hydroxyl 3 of the 
sugar in the purine pentose nucleotides of yeast 
nucleic acid (for a summary of the literature, 
see Gulland, J.C.S. 1938, 1722) and hydroxyl 6 
in the more stable analogues. 

Evidence as to the position of the phosphoryl 
radical in the pyrimidine pentose nucleotides is 
not as yet conclusive, except that hydroxyl 5 is 
free (action of triphenylmethyl chloride, Gulland 
l.c.f and synthesis, ^ee infra) but the location is 
usually assumed to be the same as in the purine 
nucleotides. The problem of the position of the 
phosphoryl group of the deoxypentose nucleo- 
tides has not been resolved by isolation of the 


sugar phosphate on account of the instability 
of the sugar, and this problem remains as yet 
unsolved. 

Structuee of Polynucleotides. 

The data required in this connection are 
(i) the molecular weight, i.e., the total number 
of nu(‘lcotide8, (ii) their relative proportions, 
(iii) their modes of union. An important aspect 
of the last mentioned is the question whether 
the polynutdeotides are, or are not, poly- 
tetranucleotides, that is molecules formed by 
repeated combinations of units composed of 
four nucleotides, one of each of the nucleotides 
appropriate to the nucleic acid type, arranged in 
uniform sequence. This is at present a debatable 
subject, and the existence of tetranucleotides 
as chemical entities cannot be considered as 
proved until such substances have l>een satis- 
factorily isolated and characterised. It must 
also be realised that there is at present no 
evidence that both types of nucleic acid are 
identical in structure, or that the various repre- 
sentatives of each type derived from different 
sources are similarly constituted (for more 
detailed discussion and summary of the pre- 
ceding points, see Gulland, ibid. 1944, 208 ; 
Gulland, Barker, and Jordan, Ann. Reviews 
Biochern. 1945, 14 , 175). 

Deoxypentose Nucleic Acids . — it has already 
berui nicntioned that by suitably controlled 
hydrolysis of deoxypentose nucleic acid of 
thymus gland four nucleotides containing 
re8j)ectively guanine, adenine, cytosine, and 
thymine may be obtained. Furthermore it has 
been stated by Steudel (Z. physiol. Chem. 1906, 
49 , 406) and by Levene and Mandel (Biochern. 
Z. 1908, 10 , 215) that these four nucleotides ai'e 
probably present in equi molecular proportions 
in the nucleic acids of thymus and herring roe. 

As a result of claims by Levene and Jacobs 
and by Thannhauser and co-workers (J. Biol. 
Chem. 1912, 12 , 411; Z. physiol. Chem. 1921, 
114 , 17; 1926, 161 , 116) to have isolated from 
the products of mild acid -hydrolysis compounds 
having the probable structure of diphospho- 
I)yrimidine nucleosides, the molecule of deoxy- 
ribonucleic acid was assumed to consist of the 
four nucleotides united by ester linkages as shown 
in (I) ; at that time the molecmle was thought to 
j consist of a single tetranucleotide. This struc- 
ture was in accordance with the titration of 
deoxyribonucleic acid by l^evene and Simms 
(J. Biol. Chem. 1926, 70 , 327) and by Bredereck 
and Kcithnig (Ber. 1939, 72 [B], 121) who found 
it to be a pentabasic acid. The full interpre- 
tation of their results is not, however, feasible 
since molecular weights were not considered 
simultaneously. Bredereck and Caro (Z. physiol. 
Chem. 1938, 253 , 170) have cast doubt on the 
existence of diphosphoric esters of pyrimidine 
nucleosides, but until evidence against this di- 
ester structure is found, it may be accepted 
tentatively as representing the mode of linkage 
of the nucleotides. 

The molecular weight of native deoxypentose 
nucleic acid has not yet been fuUy investigated, 
but all observers now agree that the molecules 
are very large, many times greater than a single 
tetranucleotide. Signer, Caspersson, and Ham- 
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iviarsten {Na-tiiro, 1938, 141, 122), from Ht-udiosof 
viscoBity and Htroaniin«j birefiingence, found the 
length/width ratio to be 309, and the inoleeular 
uaught to lie between 500.900 and 1,000,0CK). 
These figures were ('orroborated by Astbury 
and Bell {ihid. 1938, 141, 747), by X-ray analysis, 
and by I’ennant and Vilbrandt (3. Amer. (dietn. 
Soe. 1943, 66, 424) using the ultraecntrifugis 
Schmidt, Bitliels, and Lf'vene (J. Biol. CJiein. 
1939, 127 , 251) ecmsidertHl that dt'oxy pentose 
iiucl(‘ie acid consists of a mixturti of mohxailes 
of varying size, tlu* rang<^ of molecular sizt* 
depending on the method of extraction. 
Bred(‘reck and dochmann, using a drastic 
alkaline method of pre})a ration (Bor. 1942, 75 
1 Bj, 395), obtained a. [)roduct which approxi- 
mated in composition and [)roperties to a tetra* 
micleotido. (jlrt'cnstein and Jenrette (d. Nat. 
Caru'cr Inst. 1940, 1, 77) claimed that the 
molecAilar weight, as shown by measurement of 
viscosity and sti-eaming birefringence, is re- 
versibly diininiahed by the j^n'sefice of various 
salts, and the (piestioii of inoleeular size is 
complicated by reversible aggregation, since 
J’edersen (ciuoted by T. ►Sveilberg and K, (). 
i'edersen, “ The Ultra centrifuge,” Oxford Univ. 
Breas, 1940, p. 443) found that the sedimentation 
constant was highly depemlent cm the concentra- 
tion. 

Pentose Nucleic Aeldn . — The proportions of 
nuclciotides in different acids of this typt* are 
discussed above'. 

Cohen and 8tanley (d, Biol. Cliem. Mt42, 144, 
589) made a detailed study of the physical 
properties of the acid from tobacco mosaic 
virus, isolated by lu'a t derjatiiration of the \ irus 
protein and thus avoiding the use of alkali ; it is 
therefore possible that this material was, or 
approached closely to, the native nucleic aeid 
of the virus. The freshly isolated acid had an 
approximate particle weight of 300,000 and was 
highly asymmetric in shape with an axial ratio 
about 60 ; it decomposed spontaneously to 
form still asymmetric, birefringent particles with 
molecular weight about 61,000. Cold alkali 
converted either particle into molecules with a 
weight of 15,000 and a length-width ratio of 10. 
There is at present no evidence that a unit, 
VoL. VIII.— 40 


smaller than mob wt. 15,000 but larger than a. 
nucleotide, exists as a fundamental unit of the 
tobacco mosaic virus acid. 

Several ditt’erc'nt structures have bcc'n sug- 
gested for the acid of yeast, only certain of 
which merit consideration here. Determination 
of the acidic groups by titration before and after 
alkaline fission into nucleotides shows clearly 
that the phosphoryl groups arc concerned in 
the union of the nucleotides, anti the interpre- 
tation of titration data necessitates also a 
knowledge of the molecular weight of the sample 
of nucleic acid used, since it seems certain that 
phosphoryl groups are tjoncerned in the union of 
tetranucleo tides to form the jiolytetranucleotide, 
if such units tbi, in facit, exist . 

Various authors, using either electrometric 
titration, or titration to the pbenolphthalein end- 
Xioint, lound tliat the acid of yeast possessed 
either four or live acidic dissociations (Levene and 
Simms, ihid. 1926, 70, 327 : Makino, Z. physiol. 
Chem. 1935, 232 , 229 ; .lorpes, Biochem. J. 1934, 
282 , 102; Alltm and Eiler, J, Biol. Chem. 1941, 
137 , 757 ; Brcdcreck and dochmann, Ber. 1942, 
75 [BJ, 395). Un the basis of tbesi' results it 
seemed that different structures of the acid 
might bo warranted, and indeed two formula' 
were proposed by Uevmic and Simms (II) {l.v.) 
and by Takahashi (111) (J. Biochem. Japan, 
1932, 16, 463) which represented the acid as 
being jx'utabasie and ti'trabasic respectively 
(hycirolysis of 111 as shown would giv^e II). 


Base Kibos(' O P 

i o - - 1 

Base Bibose O — P 

L 


OH 
► O 
OH 

- O 
OH 


Base Bibose O — 


P ^ O 



OH 

1 


Ihise Bibose O — —P - O 


OH 


II, 




Base — Ribosc — O — P — O — Hibosc — Base 

I I i 

' o o o 

HO-J* V O O - OH 

I I 

0 o o 

1 t I 

Base — Bibose — O — P — O — liibose — Base 

in. 



620 


‘ NTTCLRTC ACim, 


These formulas however, wore proposed on 
the assumption that the inolecuh^ is .a tetra- 
iiucleotide as the subsecpient determination of 
molecular weight- by Myrback and Jorpes also 
suggested (Z. physiol. Chcm. 1035, 237 , 150). 
It is now realised that the mokM ules arc much 
larger, with weights varying from 10,000 to 
28,000 depending on the sample and its previous 
treatment (boring, J. Biol. (diem. 1039, 128 , Sci. 
Proceedings, 33 , (>J ; Fischer, Bottger, and 
behmann-Echternacht, Z. physiol, (diem. 1041, 
271 , 246; Fletcher, Gulland, .Iordan, and 
Jdibbeii, J.C.B. 1944, 30), and some reconcilia- 
tion of the discrepancies in titration data 
can be achieved by making allow anc;es for 
(lift'ereiices in molecular weight of the Ham])lcH 
examined. 

Fletcher, Gulland, and Jordan {Ibid. 1944, 33), 
have described detailed electrometric titrations 
of the acid of yeast and also of the deaminal<*d 
acid prepared from it without change in mole- 
cular weight. They found that the acid ex- 
hibited four phosphory] disaoiuations for eaih 
four atoms of phosphorus, three of the phos- | 
phoryl dissociations being primary and one 
secondary. The samples examined ha<l mole- 
cular weights corresponding to polynucJi'otides 


built up from 32-72 nucleotides, but mild 
aijueous hydrolysis of the deaminated acid 
liberated one additional secondary phosphoric; 
acid dissociation for each four atoms of phos- 
phorus, the molecular weight of the product 
being of the order of 1800, although the isolation 
of a deaniinated tetranucleotide free from 
purine has so far proved impraeti cable. On the 
basis of these results, the; formula; (IV\ V, or VI) 
were proposed as possible for a hypothetic*a 1 
tetranucleotide, and jerc^sent two new con- 
ceptions. One phospboryl group is a neutral 
triestcr. Another is a monoester, and plays no 
]mi‘t in maintaining the skeleton of the poly- 
nuel(?otide ; thus for the; first time a feasible 
explanation is offered of the frecpiency with 
whic h low plioN])horus analyses are enc!Ount€;red 
in af)parently homogeneous samples of the ac^id. 
Folymeiisation to a polynucleotide oec;urs 
through one of tJie secondary phosphoryl dis- 
sociating groups, prc;sumably as an caster since 
neither hydroxyl nor amino-groups are in- 
volved : the titrations demonstrated the un- 
Hubstitutcal nature of the enolic; hydroxyl groups 
of urac'il and guanine, and the acids underwent 
deamination without diminution of molecular 
weight. 
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Action of Enzymks on Polvnttcleotipks. 

Non-specific phosphoinono- and phosphodi- 
esterases were used by Gulland and Jackson 
{ibid. 1938, 1942) to throw light on the struc- 
ture of yeast ribonucleic acid, and their con- 
clusions were in agreement with those subse- 
quently advanced (Fletcher, Gulland, and 
Jordan, ibid. 1944, 33) on the basis of electro- 
metric titrations {v. mpra). 

Hiboniiclease, an tmzyme isolated from 
pancreas (Jones and P(5rkins, J. Biol. Ohein. 
1923, 55, 557 ; Dubos and Thompson ibid. 
1938, 124, 501; Kunitz, J. Gen. Physiol. 1940, 
24, 15) and regarded as specific for ribonucleic 
acid, was believed to (^ause depolymerisation 
into tetranucleotides (Schmidt and J.^evene, 
J. Biol. Chom. 1938, 126, 423 ; Allen and EiJer, 
ibid. 1941, 187, 757) or dinucleotides (Fischer, 
Bottger, and Lehmann- Echternacht, Z. physiol. 
C3iem. 1941, 271, 246; pr. (^hern. 1941,158, 
79). Kunitz, however, found that only about 
half the ribonucleic acid is broken into small 
fragments, diffusible through c-ellophane, and 
Loring and Carpenter (J. Biol. Chem, 1943, 150, 
381) concluded that a relatively large proportion 
of the molecule is resistant to ribonuclease and 
isolated small yields of the four mononucleotides 
after its action. The nature of th(^ enzyme’s 
attack on yeast ribonucleic acid is thus obscure, 
and it is at present unsafe to base conclusions 
as to structure on such experiments. The sub- 
ject is reviewed by Oullan<l, Barker, and Jordan 
(Ann. Hevicw.s Biochem. 1945, 14, 175) and by 
Tipson (Advances in Carbohydrate (-hemistry, 
1945, 1, 193). • 

A depolymeraso of deoxyfwntose nucleic a(!id 
is present in calf thymus and ox pancreas (Fuel- 
gen, Z. physiol. Chem. 1935, 237, 261 ; 1936, 
288, 105) and in t'xtracts of the. germs of Lima 
bean, sunflower, maize, wheat, and pumpkin 
(Greenstein and Jenrette, J, Nat. Cancer Inst. 
1941, 2, 301 ; Cold Spring Harbor Symposia 
Quant. Biol. 1941, 9, 236) ; it is different from 
ribonuclease which has no action on deoxy- 
pentose nucleic acid. The action of the depoly- 
merase results in disappearance of the structural 
or anomalous viscosity of the nucleic acid (Green- 
stein and Jenrette) and in an increase of acidity 
and conductivity (Fischer, Lehmann- Echter- 
nacht, and Bottger, J. pr. Chem. 1941, 158, 79) ; 
titration of the extra acidity suggests that the 
change could> be a decomposition of the acid of 
high molecular weight into pentabasic tetra- 
nucleotides. 

Cohen (J. Biol. Chem. 1945, 158, 255) has 
found that deoxypentose nucleoproteins as well 
as the nucleic acid are degraded by the depoly- 
merase, and also that crystalline ribonuclease 
exhibits proteolytic activity. 

' Synthesis of Nucleosides and 
Nucleotides. 

The complete synthesis of a nucleotide or 
nucleoside of either pentose or deoxypentose 
nucleic acid has not yet been achieved. Several 
nucleosides have, however, been synthesised 
which are, related closely to those derived from 
ribonucleic acid, and the nucleosides obtained 
from yeast pentose nucleic acid by alkaline 


hydr(>ly.sis have been phosphoiyflatod to regene- 
rate the natural nucleotides ; the latter, there- 
fore, arc partial syntheses. 

Nucleosides. — Although several methods are 
available for the synthesis of purine or pyrimi- 
dine glycosides, the inaccessibility of d-ribose 
and d-2-deoxyriboHc, both in the furanose form, 
makes the synthesis of a natural nucleoside 
difficult. By the interaction of an aceto- 
bromo-siigar and the silver derivative of a 
purine or pyrimidine, many gIyc*o.sides have 
been prepared (for litt^ature, see Gulland, J.C.S. 
1938, 1722). Of these, the pyrimidine glyco- 
sides were much less stable towards acid 
hydrolysis than the natural pyrimidine nucleo- 
sides and wore subsequently found to bo O- 
gly cosides. Hilbert and Johnson (J. Amer. 
Chem. Soc. 1930, 52, 4489), however, synthesised 
an analogue of uridine by the interaction of the 
acetobromo-sugar and diethoxypyriTnidine fol- 
lowed by removal of the ethyl and acetyl groups. 

The purine glycosides obtained by tbe action 
of an acetobromo-sugar on tlje 7(9)-silver 
derivative of the purine resemble the natural 
purine nucleosides in their properties, and 
synthetic adenine glucoside (Fischer and Helfe- 
rich, Ber. 1914, 47, 210), prepared from aceto- 
bromoglucose and silver trichloropurine, was 
shown by Gulland and kStory (J.C.S. 1938, 259) 
to have the sugar atta(jhcd to the purine ring 
at position 9, as is the case in the naturally 
occurring compounds. This method, therefore, 
provided a route to the synthesis of the natural 
nucleosides, since by suitable modifications the 
other purine nucleosides can be prepared from 
trichloropurine glycosides containing the appro- 
priate sugar. 

More recently Todd and co-workers have 
explored a new method of synthesising purine 
glycosides {ibid. 1943, 383, 386, 671 ; 1944, 318, 
652 ; 1945, 556), and these researches may 

provide a more convenient method for the 
synthesis of the natural nucleosides. 

Nucleotides. — The synthesis of pentose nucleo- 
tides has been reviewed by Gulland {ibid. 1944, 
208). 

Analytical Methods and Metabolism . — ^For 
analytical methods and the metabolism of 
nucleic acids, reviews by Allen (Ann. Keviews 
Biochem. 1941, 10, 221) and Loring {ibid. 1944, 
13, 295) may be consulted. 

J. M. G. and G. R. B. 

NUPERCAINE HYDROCHLORIDE. 
2 - n - Butoxycinchonin - j8 - diethylaminoethyl- 
amide. “ Rercame.” Local anajsthetic. B.P.C. 
{v. Synthetic Drugs). 

S. E. 

NUTMEG. The nutmeg is the kernel of the 
fruit of Myristica fragrans Houtt. {see Mace, 
Vol. Vn, 433a). When gathered the fruit is 
slowly dried, either in the sun or by artificial 
heat, the hard shell is removed and the nutmegs 
(except in the case of those from Penang) washed 
in milk of lime. The nuts are then sorted into 
grades according to their size, the larger and 
denser being the most valuable. Those which 
are shrivelled are reserved for the production 
of ground nutmeg, of which, however, little 
appears on the market. 

The true nutmeg is oval or nearly spherical in 
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whape, from 20 to 25 mm. long and from 15 to 
18 mm. wide. It is wrinkled longitudinally 
with a groove marking tlio position of the raphe. 
In cross section it has a marbled appearance. 
It has a pleasant and characteristic odour and a 
hot aromatic taste. 

Nutmbg staT’(‘h is similar in a})p(‘arance to the. 
starches of the legumes and shows a well- 
developed (‘racked hilum. It is not iridescent 
under polarised light. Its shape is extremely 
irregular and it varies in size from 5 to fiO/x. 
A characteristic* is the budded effect caused by 
the adherence of the snialk'r to the larger grains. 
The B.P. 1952 dt'seribes them as simple and com- 
pound grains with up to t(ui components, in- 
dividual grains mon^ or ](\sh roundtal, iij) to 2()yLt 
in diameter. 

The sole use of nutmeg is as a flavouring 
agent, but the volatile oil is employed in 
rru'dicine as an aromatic and carminative*. 
Owing to the shortage of hashish in Egyj)! in 
recent years, nutmeg has been employed as a 
substitute, since the symptoms of intoxication 
are similar.* The effects, however, may be 
much more, severe and it is stated that wdiilst 
severe symptoms of xjoisoiiing may result from 
the consumption of half to one and a half nut- 
megs, death may bo caused by two. The iis(^ of 
powdered nutmegs in cocktails has also been 
followed by unpleasant symptoms. 

ComposUioii. — Th(» preponderating consti- 
tuents are a fixed oil, starch, albuminoids, and 
fibre ; the flavour and therapeutic action ar(5 
due to the volatile oil. 

According to Winton, Ogden, and Mitchell 
(U.S. Dept. Agric. Biinaiu of Chemistry, Bulletin 
66, 1902), nutmeg has the composition : 


Max. Min. 

Moisture jn«3 .^-79 

Ash, total 3*26 2 13 

Ash, soluble in water .... 1‘4(> 0 82 

Ash, insoluble in HCI .... OOl 0 00 

Ether extract, volatile .... (5-94 2*.^)r) 

Ether extract, non-volatile , 36-94 28-73 

Alcohol extract 17-38 10 42 

Reducing matter by acid eoro er- 

sion (calculated as starch) . . 25-00 17-19 

Starch by diastase method . . 24-20 14-02 

Crude fibre 3-72 2 .38 

Nitrogen 1-12 1-05 


Similar figures, using different methods, were 
published by C. Aragon, Ann. Falsif. 1915, 8, 
345. 

J. W. Corran and S. H. Edgar (J.S.C.l. 1933, 
52, 149 t) have shown that nutmeg, or its oil in a 
concentration of 1 in 2,500, exerts practically no 
preservative action against fermentation by 
ordinary yeast. The essential oil (?;. in/m and 
this Vok, p. 659d) is probably determined most 
satisfactorily by the methocl of Cocking and 
Middleton (Quart. J. Pharm. 1935, (VIIl), 435), 
who record figures varying from 6-9 to 13-0% 
of volatile oil. 

Adulteration . — As nutmegs are almost in- 
variably sold whole, i.e., unground, adulteration 
is very rare in this country. 

The substitution of the Papuan (New Guinea) 
long nutmeg {M. argeni>ea) cannot l)e regarded 

, ♦ Nutmeg contains nothing wliich shows tire pharma- 
cological action of hashish in animals, so that any 
reported similarity is superficial only. [Private com- 
munication from A. R. Todd.j 


as l<‘gitimate, being much inferior in flavour., 
still less that of wild nutmegs from M. mala- 
harica or other species of Myristica. Thest*. may 
be detected at once by the complete absence of* 
aroma, and also by their different shape and 
size. W()rm-{‘aten nuts may bo passed off as 
sound after stopping the holes and coating with 
lime. - This w ill be revealed by careful inspection. 
.More or less exhausted nuts may detected by 
the nnlueod fat content. 

Small worthless nutmegs, known as grinding 
nutmegs, are fnapieutly employed firr this 
purfrose, and tin* powaler may eontain curcuma, 
or various nut-shells. Admixture of the seed- 
(‘oat (tt‘sla) may be deteeri'd by the presem*e of 
a large nuru))er of oblong lignified (;ells, which 
gives the phlorogJueinol ri'-aetion. The presenet* 
of M yristica argentea in powahu'ed nutmeg may 
b(^ shown by allowing concentrated suljdiuric 
acid to flow into th(^ sample. Tim scieretion cells 
of Pai)iia nutiJKig show a carmine-red colour, 
and the rest of the parenchyma a dark yellowish- 
red, both colours mingling to give a blood red 
which lasts for sonu* hours. The substitution of 
j Myristica argentea may bo shown by treating an 
ale-oholie (‘xtraet with 3 parts of water and I 
part of sodium hydroxide, ammonia, or baryta, 
l^ipua ludnu'g givi^s only a yi'llowisli- white 
colour, while Panda nutmeg {M . fragran.s) gives 
a strong reddish -y(‘llow' colour (R. Westling, 
iSvensk J'arrn. Titlskr. 1929, 33, 265). 

Standards. — The* Pnited States standards for 
nutmeg are as follows ; The fixed eth(‘r (‘xtraet 
shall not lx* less than ila* ash not greater 

than 5%, the ash insolubk* in hydroehlorie acid 
not greater than and the ernde fibre not 

over 10^’h* 

T. MeL. 

NUTMEG BUTTER (r. Myristica Fats, 
this Vol., p. 259u). 

NUTMEGS, ESSENTIAL OIL OF. 

The oil distilled from the fruits of .Myristica 
Jragrans Houtt., Fam. Myristicacoa^. Nutmegs 
are cultivated principally in the Moluccas but 
the tree grows in Penang, Sumatra, Singapore, 
Ceylon, and the West Indies, and has been 
introduced into Madagascar, Bourbon, and the 
Seychelles. Nutmegs yield from 7 to 12% of 
essential oil. 

Constituents. — The oil consists largely of 
terpencs. Pinene, (;amjiheno, and dipentene 
occur to the extent of about 60%, f^)gether with 
terpineol, borneol, and geraniol, with tra(a}s of 
cugeiiol and (.^oeugenol, safrole, and myristic 
acid. Myristicin^ 3-meth()xy-4;5-methylene- 
dioxyallylbenzene, m.p. 3()‘^’, is converted by 
alkali into the propenyl compound, iHomyristicin, 
m.p. 45°. 

Gkaracters.~~pm 0*865--0*925, +10° to 

-f46°, n^ 1-474-1 *488. Soluble in 3 volumes 
90% alcohol. Residue on rapid evaporation in 
a flat dish not more than 3%. 

Oil of nutmegs is mostly used as a flavouring 
agent, and medicinally in liniments and hair 
lotions as a mild irritant. 

C. T. B. 

NUTRILITE is a term coined by R. J. 
Williams (Science, 1928, 67, 007) to include 
organic substances which in minute amounts 
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function in the nutrition of organisms of 
different types. Its moaning is similar to that 
of vitamin, except that the term vitamin is 
usually restricted to substances whidi are 
effective for animals. 

R. J. W. 

NUX VOMICA. {Noix vomique^ Fr. ; 
Krahenaugen, Brechnuss, Ger.) Strychnoff nux 
voinicxi Linn, is a medium-sized deciduous tree 
which is found throughout, south-eastern Asia 
anfl in nortlu'rn Australia. The fruits are about 
the size, shape, and colour of a small orange, 
and contain four or five hard and bitter seeds, 
which constitute the nux vomica of commen.e. 
The diametei’ of the seeds is usually 15-20 mm. 
and the thickness varies from 3 to t> mm. ; their 
shape is circular ])lano-conv('v and their colour 
greenish-grey with a satiny Justrt‘ dm*, to a 
closely apj)ress(Ml covering of fine hairs. Th<*v 
were introducerl into Kurope during the six- 
tcienth century and hav(' gradually IxMome an 
important arti<‘le of materia nmlica. 

As a rule nux vomi<!a is obtained from wild 
trees only. The principal countries of origin 
are India and Indo-Cliina. Luring 1925-33 the 
average exports fiom Indo-China were about 
500 tons ])er annum (Chemist, and Druggist, 
1935, i, 77; 1938, ii, 137), while in the porio(l 
1933-30 India <*xporte(.l an average yearly 
({uantity of 2,100 tons {ihid. 1937, ii, 21). 3die 
amount of nux \'t)jniea collected in India is 
greater than llu' exyxnt ligures would indicate, 
for India is herself a consideralile })rod\ic(*r of 
1 tryehnine {Pharin. J, 1938, (i], 20ti, 450). 

Although juix vomica is the ordy important 
sourcii of stry ell nine, small ipuin titles of 
“ Ignatius Beans di'rived from N. Jguatil 
Berg., a climbing jilant of the Philippines, are 
occasionally offered on the mark(‘t. The seeds 
of both these jilants contain brucine as w(dl as 
strychnine, as also do the seeds or other jdant 
parts of nian;v otlu'r species of Hiryclmos. Such 
arcs e.g. 8. cohihrina (Greenish, Pharm. J. 1879, 
[iii|, 9 , 1014); 8. cimmmomifolia (Short, Year 
Book of Pharmacy, 1024, 040); and 8. Tieute, \ 
which is the “deadly upas tree ” of Java. 8.\ 
llgudrina, however, was found to contain 
brucine only (Greenish, ^.r.), and 8. Blaiuh 
contained neither alkaloid (Small, Pharm. J. 
1915, [ivj, 36, 510, 522). Certain poisonous 
spec’ies of 8trychnof< depend mainly upon 
curarine for their activity. 

Tor further particulars regarding nux vomic'a, 
see Oberliii and Schlagdenhauffen (J. Pharm. 
('him. 1878, [iv], 28 , 225); Dunstan and Short 
(Pharm. J. 1883, liiij, 13 , 1053 ; 1885, [iii], 15 , 1, 
1560) ; RohoU (Monatsh. 1884, 6, 94) ; Greenish 
(Pharm. J., 1885, jiii], 16 , 60 ); Ford, Ho Kai. 
and Crow {ibid. 1887, liii], 17 , 927); Fliick. a. 
Hanb. 428 ; Bentl. a. Trim., 178. 

The seeds of certain Strychnos species, contain- 
ing less strychnine, resemble nux vomica so 
closely that occasional adulteration originating 
with the native collectors is almost inevitable. 
This has led at times to complaints that Indian 
seeds contained less strychnine than before 
(Puntambekar and Krishna, Year Book Pharm. 
1932, 633). The same difficulty was en- 

countered when an attempt was made to establish 
a Siamese export (Pharm. J. 1936, [iv], 83, 38). 


The total alkaloid content of nux vomica may 
vary from 1 to 5%, but the usual sample con- 
tains 2-2-2*8%. The corresponding figures for 
Ignatius beans are 2-3%, of which 60-75% may 
be strychnine. Acc'ordiiig to Bockurts {ibid. 
1889, 20 , 341) and Morrison and Bliss (J. Amer. 
Pharm. Assoc. 1932, 21 , 648, 753), roughly 40- 
45% of the total alkaloids in nux vomica consists 
i f)f strychnine. Small (Pharm. J. 1913, 90 , 510) 
maintained that strychnine was concentrated 
mainly in the interior of the seed and brucine 
mainly in the outer layers, but Puntambekar 
and Krishna {l.(\) could not confirm this. 
Similarly Ic Coultrc and Van der Widen (Pharm. 
Weekblad, 1938, 75 , 1329) could not verify the 
stat(‘ment of Host^nt haler and Weber (Ber. 
Pharm. Ges. 1921, 31, 39(i) that the smallest 
seeds had the highest alkaloidal (!ontent. 

Th(‘ olfii'ial re (pi ire men ts for tlie strychnine 
content of nux vomica and its preparations in 
Britain and the IJ.S.A. are as follows : Nux 
vomica seeds and powder 1*2% (U.S. 1-15%); 
Tincture of mix vomica 0*125% w/v (LJ.S. 
0* 1 05-0 1 25%) ; Extract of nux vomica 5%; 
Fluid cxtra(!t 1*5% w/v. The extracts are not 
official in tlu^ U.S.P. 

For dt'tails of the methods by which strychnine 
is dcdcuinined re ference should be made to the 
resp(x.*tive Piiarmacopoeias. In the British pro- 
cess the mixed alkaloids are liberated by 
ammonia and extrac-ted with aleoholic chloro- 
form. After a procedure designed to purify 
the alkaloids from extraneous matter, the mix- 
ture of brucine and strychnine is treated v'ith 
cold dilute sulphuric acid containing some nitric 
acid. Under the conditions adopted all the 
brucine is destroyed, while the more stable 
strychnine is not affected. Excess sodium 
hydroxide is now added and the base is trans- 
ferred to chloroform . After removing the solvent 
the rc^siduo is titrated with 0*1 n. sulphuric acid. 

Allen and Allport (Year Jiook of Pharm. 1940, 
252; (•/. ibid. 1942, 245) describe a colorimetric 
process based on the c olour test of Malaquin as 
rnodili(‘d by Deniges (Bull. t;|oc. chim. 1911, 
|ivj, 9 , 537). The assay occupies much less 
time than that of the B.P., and, though not so 
accurate, is stated to bo sufficiently so for routine 
work. The total alkaloid in the powdered seeds 
is liberated by piperazine and extracted with 
boiling tetrachlorcx^thylene. Transfer is made 
to dilute sulphuric acid and the strychnine is 
})rec*ipitated as the sparingly soluble ferro- 
cyanide. The precipitate is reduced with dilute 
hydrochloric acid and zinc amalgam, and sodium 
nitrite is added. A jiortion of the reddish liquid 
is matched in a tintometer and the value of the 
rcxl (component is correlated w'ith the c^fuantity 
of strychnine present as given in a table. 

Dunstan and Short were the first to employ 
the properties of the hydroferrocyanides in the 
separation and estimation of strychnine and 
brucine. The method was elaborated by Beckurts 
(Arch. Pharm. 1890, 228 , 347) and Gadreau 
(J. Pharm. chim. 1927, [viii], 6 , 145) among 
others. Gumming and Brown (J.S.C.I. 1928, 
47 , 547t) regarded the separation as approxi- 
mate only, but Kolthoff and Lingane (J. Amer. 
Pharm. Assoc. 1934, 23 , 302) considered it was 
accurate if suitable precautions were taken. 
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Strychnine, CoiHggOgNg, was isolatod from 
nux vomica seeds in 1818 by Pelletier and 
Caventou (Ann. Chim. Phys. 1818, [ii], 10, 14; 
1 823, [iij, 26, 44) . That strychnine is also present 
in the bark was shown by Shenstone (Pharm. J. 
1878, [iiij, 8, 445 ; 9, 154). 

Preparation. — The following process may be 
used for the extraction of brucine and strychnine 
from the finely pow’derod seeds of 8, nux 
imnica. The powder is made into a paste with 
water and one-fourth its weight of slaked lime. 
The mixture is thoroughly dried on the water- 
bath and the mass is powdered. The alkaloids 
are now dissolved from it by hot percolation 
with a suitable solvent, such as chloroform, in 
an extraction apparatus. The solvent is shaken 
out with sulphuric acid and the sulphates are 
crystallised. Alternatively the alkaloids may 
be regenerated and extracted with 25% alcohol, 
or with acetone, which dissolves the brucine and 
leaves behind most of the strychnine. 

Nux vomica seeds are very tough, and on the 
large scale they are sometimes steamed, or auto- 
claved with water, to soften them before dis- 
integration. Descriptions of industrial processes, 
which do not differ greatly from the above, are 
given by Chemnitius (Chom.-Ztg. 1926, 50, 845), 
and by Watson and Sen (Quart. J. Indian Chem. 
Soc. 1926, 3, 397). 

Properties. — Strychnine forms rhombic prisms, 
m.p, 268*^, and distils without decomposition at 
270°15 mm. (Loebisch and Schooj), Monatsh. 
1885, 6, 858). Warnat (Helv. Chim. Acta, 1931, 
14, 997) gives the m.p. as 286-288° and (a% 
— 110° in 80% alcohol and —139-3° in chloro- 
form. Very slightly soluble in water (1 in 6,667 
at 15°; 1 in 2,500 at 100"), giving an alkaline 
solution the bitterness of which is still per- 
ceptible on dilution to 1 in 700,000. Solubility 
in 90% alcohol 1 in 170 (cold), 1 in 12 (boiling) ; 
ether 1 in 5,500 ; chloroform 1 in 6 ; benzene 
1 in 150 ; amyl alcohol 1 in 180. 

Strychnine is a moderately strong monoacidic 
base. The hydrochloride, B,HCI,2H20, which 
is official in the British Pharmacopoeia, forms 
prisms soluble in 35 parts cold water and 73 parts 
90% alcohol. On the continent, and in Japan, 
the nitrate, B,HN08, is largely used; this 
crystallises in needles soluble in 80 partvs water 
at 18°, in 45 parts at 25°, and in 45 parts alcohol. 
In the U.S.A. both the nitrate and the sulphate, 
B2,H2S04,5H.0, are employed ; the latter salt 
forms prisms soluble in 31 parts water at 25°, and 
in 125 parts alcohol. Of the other salts the 
hydroferrocyanide, chromate, thioc^yanate, and 
hydroiodide are sparingly soluble. Strychnine 
picrale, m.p. 270°, forms greenish -yellow rosettes, 
the individual crystals of which are often curved 
in a characteristic manner (Nelson and Leonard, 
J. Amer. Chem. Soc. 1922, 44, 369). It is stated 
to be much less soluble in acetone than the 
picrates of most other alkaloids. 

JjBes . — Strychnine is employed as a bitter 
tonic and as a heart stimulant, the usual dose 
being 1-4 mg. As little as 32 mg. has been 
known to cause death. In poisonous doses it 
gives rise to tetanic spasms, owing t(» the gi*eatly 
increaseil excitability of the spinal cord, and 
death eventually supervenes through failure of 
respiration. More than half the world’s produc- 


tion is used for killing vermin, especially rabbits, 
rats, and gophers. In this country, however, its 
employment for this purpose is restricted to the 
killing of moles, under certain conditions. 

Reactions and Detection, — Strychnine, which 
is one of the most stable alkaloids, is not 
coloured or decomposed by sulphuric acid at 
100°, This property is made use of in toxicology, 
to free the alkaloid from extraneous impurities. 
It dissolves in nitric acid, giving at most a 
yellow colour. A striking colour reaction was 
described by Marchand (J. Pharm. chim. 1843, 
[iii], 4, 200). In this test a small quantity of the 
alkaloid is dissolved in a few drops of concen- 
trated sulphuric acid, and a minute fragment of 
potassium dicliromate or other oxidising agent 
is stirred in. A play of colours is observed, 
beginning with blue and passing through violet 
and red to yellow. Only ciirarine behaves 
exactly like strychnine, and this is coloured 
blue by sulphuric acid alone. To prevent the 
colours being obscured the alkaloid must first 
be isolated in as pure a state as possible. In 
particular brucine, which gives a deep red colour 
when oxidised, must be completely removed if 
present. This alkaloid may, however, be selec- 
tively oxidised with nitric; acid, the strychnine 
Ixung recovered (Shenstone, l.c . ; Hanriot, 
Compt. rend. 1883, 97, 267 ; Gerock, Arch. 
Pharm. 1889, 227, 158) ; or the mixed alkaloids 
may l)e washed with chlorine water, when di- 
' c'hlc^robrucine is formed and dissolves, leaving 
a residue of strychnine (Beckurts, ibid. 1890, 
228, .326). 

Brucine, was isolated from 

nux vomica bark and seeds in 1819 by Pelletier 
and Caventou (Ann. Chim. Phys. 1819, [ii], 12, 

1 18 ; 1823, fii], 26, 53). Usually about 55-60% 
of the alkaloids present in the seeds consists of 
brucine. The alkaloid contained in the bark 
may reach 7-8%, and is almost entirely brucine. 

Preparation . — The total alkaloid having been 
extracted by the method deserribed for strych- 
nine, the mixture is repeatedly washed with 
25% alcohol, and the brucine is crystallisedTrom 
the solution and recrystallised several times 
from the same solvent, the fractions which 
crystallise latest being pure brucine. Alterna- 
tively the mother-liquids from strychnine may 
be concentrated and the alkaloids precipitated 
as neutral oxalates. The precipitate is dried 
and extracted with absolute alcohol, in which 
the strychnine salt is the more soluble. The 
alkaloid from the residue is regenerated and 
purified as sulphate. According to Fliickiger, 
if the mixed alkaloids are converted to acetate, 
and the solution is evaporated to dr 3 mes 8 on the 
water-,bath, the strychnine salt dissociates and 
acetic acid volatilises. The brucine acetate is 
unchanged and may be dissolved from the 
residue by cold water. 

Properties . — Brucine separates from its solu- 
tions in water or weak alcohol in monoclinic 
prisms containing 4HjO, m.p. 106°, or with 
2 H 2 O from alcohol (Moufang and Tafel, 
Annalen, 1889, 804, 24). The crystals lose their 
water at 100°, or on standing over sulphuric*, 
acid, and the anhydrous substance melts at 
178° (Claus, Ber. 1881, 14, 773). It has [a% 
-86° in alcohol, -120° in chloroform (Oude- 
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mans, Annalon, 1873, 166 , 6!1). S«)liibility in 
water 1 in 320 (cold), I in 160 (boiling). In 
alcohol it iH soluble to the extent of 1 in 2*2 at 
25'^, in chloroform 1 in 8-7 at 25‘’, and in other 
1 in 133. Brucine and its salts are bitter and 
when injected subcutaneously into animals pro- 
duce a physiological action similar to that of 
strychnine but much feebler. Internal admini- 
stration produces little effect, owing chiefly to 
the rapidity of elimination (Brimton, J.C.S. 
1885, 4 - 7 , 143). Brucine is a monoacidic tertiary 
base; the sulphate, B 2 ,H 2 S 04 , 7 H 20 , crystal- 
lises in long needles and like most of the other 
salts is more soluble than the corresponding salt 
of strychnine. I^hc hydroiodide is, however, less 
soluble than the strychnine com})ound (JShen- 
stone, ihid. 1881, 39 , 456). 

Heaciiom ami DeMuHon. — Brucine, unlike 
strychnine, docs not give rise to a play of 
colours when oxidised with chromic acid, etc., 
only an intxujse red coloration Ixhng ]>roduced. 
A deep red ctjlour is also obtained oii dissolving 
brucine in nitric acid, or, better, on dropping 
nitric acid into a solution of brucine in sulphuric* 
acid ; this is a very dcslicate test both for brucine 
and nitri(; acid. The ('oloration may be dis- 
tinguished from that ])roduce(l when certain 
other alkaloids are treated whth nitric acid by 
the action of stannous cliloride or other reducing 
ag(mt, which, when cautiously added, (‘hang(‘s 
the colour to vioh't (Wober, Z. ang(‘w. Clu'ni. 
1918,31,124). 

Uses . — In the U.S.A. brut-ine is used to de- 
nature industrial alcohol, but so far as Britain 
is concerned its employment in this manner is 
confined to surgical spirit, which may contain 
not more than 0*015% of brucine (Poisons 
(Amendment) Rules, ltl42|. 

Minor Constituents of Nux Vomica. — 
Dunstan and Short (Pbarm. J. 1884, [iii], 14 , 1025) 
isolated a glucoside, m.f). 215'^, from the seeds 
and fruit-pulp of nux vomica, and named it 
“ loganin.” This Avas found by Rosent haler 
(Sweiz. A])Otli. Ztg. 1923, 33tt) to he a mixture, 
of which the prineijial constituent was identical 
with the glucoside meliaiin extracted by Bridel 
(Compt. rend. 1911, 152 , 1694) from thie marsh 
trefoil. Bridel gave m.p. 222*^', | ajp - 82° (water) 
for the pure substance, and, following his sug- 
gestion (Bull. Soo. Chim. biol. 1923, 5 , 8(K)), the 
name “ loganin ” has now been supplanted by 
nieliaiin. The “ igasuric acid ” of Pelletier 
and Caveiitou (Ann. Chini. [iij, 10 , 167; 26 , 
54) was further distaissed by Ludwig (Arch. 
Pharm. 1856, |iii], 2 , 137), Corriol (.1. Pharm. 


OATS {V, Vol, 11, 4895). 

OBERMULLER TEST {v. Vol. TV, 547d). 

OBTUSATIC ACID {v. Vol. VII, 290d). 

OCHRE, The ma/jority of natural mineral 
pigments, of which ochres are the most im- 
portant, owe their colour tc) iron in the form of 
the hydrous oxide, “ limonite," or the anhydrous 
ferric Oxide, hematite, and to a lesser extent to 
' oxides of manganese. YeUow ochres the com- 
monest natural pigment, consists of yeUowish- 


chim. 1833, 19 , 155), Marssou (Annalen, 1849, 72 , 
296), Sander (Arch. Pharm. 1897, 235 , 133). 
According to Gortcr {ihid. 1909, 247 , 197) and 
Tunmann (Pharm. Post. 1918, 341) it is identical 
with rhlorogenic acid from coffee berries, Lc., 
with 3-[3:4-dihydroxycinnamoyl]-l-quinic acid. 
Other constituents are 11% proteins, mucilage, 
sugar, and about 4% of a fatty oil. iSee Meyer 
(J.C.S. 1875, 28 , 856); Greenish (Pharm. J. 
1882, fiii|, 12 , 581); Harvey and Wilkes 
(J.R.C.I. 1905, 24 , 718); Watt and Angus 
{ibid. 1916, 35, 201). 

iSee also Stkyciinos Alkaloids. 

R. G. J. and H. E. W. 

NYCTANTHES ARBOR-TRISTIS 

Idnn.. a large shrub with rough leaves and 
sw(‘et -scented flowers, occurs in the sub- 
Himalayan and I’arai tracts, and also in Central 
India, Burma, and C-cylon. The orange corolla 
tubes of the fl owners gi\'e a beautiful but fleeting 
dye which is mostly used for silk, sometimes in 
conjunction with salllower or turmeric, occasion- 
ally with indigo and kath {v. Vol. II, 433c). 
The baik of' the f ice is said to be employed for 
tanning; the leaves a[)pear to be used 
medicinally (Watt, Dictionary of the 
Economic; Products of India,” 1891, 5, 434). 

From an aqu(‘Ous extract of the flow'ors, Hill 
and Sirkar (J.(’..S. 1907, 91 , 1501) isolated 
mannitol and a red colouring matter, nyctanthin, 
whic h Perkin {ibid. 1912, 101 , 1539) showed was 
idcmtic*al with the colouring matter obtained 
from the flowers of the Ccdrela Toona Ro.xb. 
Subsequently, Kuhn and Winterstein (Helv. 
Ghim. Ac'ta, 1929, 12 , 496) established that 
nvetanthin is identical with c‘rocetin {v. Vol. 
Ill, 428c; Vol. II, 440u). 

From fhe leaves Lai and Dutt (BuU. Acad. 
Sci. Agra, and Dudh, 1933, 3, 83) obtained 
mannitol, a resin, a glucoside, m.p. 71°, glucose 
and a trace of essential oil, but no alkaloid could 
be detected. The results of a chemic al examina- 
tion of the fixed oil from the seeds of Nycianthes 
arbortristis are recorded bv^ Varistha (J. Benares 
Hindu Uiiiv. 1938, 2, 343). 

For dyeing purposes the material (silk or 
c’otton) is simpl}^ steeped in a hot or cold 
decoction of the flowers. The addition of alum 
and lime'juic'c to the dye- bath is said to render 
the colour more' permanent. 

E. C. 

NYCTANTHIN {v. Vol. Jl, 439d). 

NYLON (r. Vol. IV, 125d; V, 1126, 1136, 
126a). 


brown limonite together with varying amounts of 
clay, siliceous matter, and other impurities. The 
iron oxide content varies from 15 to 30% or 
more. It is known by many names, inclucling 
Mineral Yellow, Permanent Yellow, Roman 
Earth or Ochre, Chinese Ochre, etc. The best 
varieties are hun on -yellow to golden-yellow. 
Witli increasing iron the colours usually shade 
tow'ards yellow'- brown (sic^nua), though no 
sharp division exists between ochre and sienna 
in either colour or iron content. The value of 
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an ochre depends more upon its physical 
ptopertios than upon its content of ferric oxide, 
and is also dependent upon its degree of oil 
absorption. Sometimes the crude ochre can be 
used after having been simply dried and ground, 
but a certain amount of washing is usually 
desirable before drying and pulverisation. 
When roasted the yellow ochres yield reddish- 
brown colours (burnt ochre), due to the con- 
version of limonite to the red ferric oxide, 
hematite. Bed ochre is a natural pigment 
resembling burnt ochre, its colour being duo to 
the presence of abundant hematite. The name 
golden ochre is applied to both the natural golden- 
yellow ochre and to yellow ocihre that has been 
toned with up to l*^^o of chrome yellow, dreen 
ochre, also called green esarth, terre verte. 
Celadon green, etc., is tht^ only important 
natural mineral green. It is a low-tinting pig- 
ment used widely as a base for cheap lakes, and 
consists largely of ferro-magne.sian silicate 
minerals such as chlorite, lumber is an ochre 
containing manganese oxides (MnOg 7-23 and 
FegO,^ 25-50%) and often organic matter. It 
has a darker shade of brown than sienna, and 
when roasted it is converted to a dee}) red burnt 
umber. 

Ochres are of widespread octcurrean'e, though 
individual deposits are usually small and of 
sporadic distribution. The de}J 08 its result from 
the prolonged weat hering of ferruginous rocks, 
which may have originally contained only a 
small proportion ol iron. Some iron ores serve 
as red or brown mineral pigments. Many 
ochreous deposits occur in rock cavities and 
fractures, or accumulate in old mine workings, 
the iron having been leached out of the surround- 
ing rocks by percolating w aters, especially when 
iron pyrites is present, llu' aTinual world pi'o- 
duction of ochres and uiubtMs })Fobably exceeds 
100,000 tons. 

Ochres are used exteiisix (‘ly as protective 
paints on steel and ironwoik. J.<ow -grade 
varieties serve as combined pigments and fillers 
in the manufacture of linoleum, oilcloth, and 
inferior mixed paints, whereas high-grade 
ochres are employed in making 8uj)erior mixed 
and paste -|)aints, and occasionally in the 
preparation of artists’ colours. Some of the 
best yeUow ochres are obtained from France. 

In mineralogy the term “ ochre ” is also 
applied to numerous earthy metallic oxides 
resulting from the decomposition of metallic 
minerals, e.g., antimony-ochre, bismuth-ochre, 
vanadic-ochre, and wolfram -ochre. 

Reference. — K. B, Ladoo, “ Non-Mctallic Minerals,” 
Now York, 1925, p. 368 (comprehensive) ; H. Wilson, 
in Industrial Minerals and Rocks,” American Insti- 
tute of Mining and Metallurgical Engineers, New York, 
1937, Chap. XXVIII (good bibliography); S. J. 
Johnstone, ” Minerals for the Paint Industry,” J. Oil 
and Colour Chemists Assoc., 1941, 24, 263 ; R. W. 
Pocock, ” Ochres, Umbers, and other Natural Earth 
Pigments of England and Wales,” Geol. Survey Great 
Britain, 1942, Wartime Pamphlet No, 21. 

D. W. 

OCIMENE, 

H2C:CMe [CH2l2 CH:CMe CH:CH. 

MeaCtCH CHg CHiCMe CHiCHj, ^ 

b.p. 81/30 mm. 0*8031, T4867 occurs in a 

number of essential oils, inter alia those from 


the leaves of' Ocimum haailicum Linn., 0. 
gratissirn mn Linn., and llonoranthus ftavescens 
{v. Terpenes). 

J. L. S. 

OCTANE number. Octane number, is 
a unit commonly used as a measure of the 
tendency of a fuel to cause detonation (pinking 
or knocking) in spark-ignition engines. It is 
numerically equal to the percentage by volume 
of 2:2;4-trimethylpontanc (i<sooctane) which must 
be blended with w-heptane to give a blend having 
the same tendency to detonation (antiknfx^k 
value) as the test fuel under 8})ecified conditions 
in a test engine. The octane number is one of 
the most important properties of a fuel intended 
for use in sj)ark -ignition engines, as will appear 
in the sequel. 

Detonation. In a spark-ignition engine a 
mixture of air with atomised and partly 
vaporised fuel is admitted to each cylinder and 
is compressed by the jnovement of the piston 
during the compression stroke. The mixture is 
then ignited by the passage of an electric spark 
across the terminals of the spark plug. Owing 
to the heat evolved by the strongly exothermic 
combustion reaction, and, to a lesser extent, to 
the increase in the number of molecules, the 
combustion results in a considerable increase of 
pressure in the coinbusti(.>n space of the engine, 
the pre.ssure rise providing the power which 
drives the engine. 

The llame starts at the spark plug and, in 
normal non -detonating combustion, travels 
smoothly across the combustion spa(^e at a speed 
of the order of 50-100 ft. per soc^ond. Owing to 
the pressure rise incident on (‘orabustion, the 
unbumt fuel-air mixture ahead of the llame is 
progressively compn'.sscnl and its t(nn})craturc 
therefore incn^a.ycs, Wdien the fuel and engim* 
operating conditions an' such that detonation 
occurs, th<^ unburnt fuel-air mixture ahead of 
the flame suddeidy ignites 8])ontancously, and 
the remainder of the mixture burns at a much 
greater rati^ than in normal combustion. 
Hassweiler and Withrow have demonstrated this 
A^ery clearly by taking high-speed photographs 
of the flame in an engine fitted with a trans- 
parent quartz window in the cylinder head 
(Trans. Soc. Aut. Eng. 1936, 31, 297). This 
spontaneous ignition causes a sudden increase 
in pressure, gas vibrations, and impacts on the 
walls of the combustion chamber, which give 
rise to the characteristif^ “ metallic ” noise 
associated with detonation {idem, Aut. Eng. 
1934, 24 , 281,385). 

Detonation must be carefully distinguished 
from pre-ignition, which is due to the ignition 
of the mixture by incandescent carbon deposits, 
overheated spark-plug points, etc. Pre-ignition 
occurs before, detonation after passage of the 
spark. Of two fuels, A and B, A may have the 
better detonation, B the better pre-ignition 
characteristics. 

The occurrence or non-occurrence of detona- 
tion depends on the characteristics of the fuel 
and on the design and operating conditions of 
the engine. The engine and operating factors 
affecting detonation arc (jompression ratio, 
degree of supercharging, spark advance, mixture 
strength, speed, mixture temperature, cylinder 
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temperature, .sliap<; arui pJiyHical dimensions of 
the combustion chamix^r, design of valves and 
valve ports (which affect swirl or turbulence of 
the mixture), amount of oil burned, etc;. In- 
(Teaso of oom7)reHHion ratio, greater super- 
charging and a(ivaric{‘ of spark all increase the 
tendency to detonation. J3etonation is a 
maxim\im at a mi.xture strength some 15-20% 
greater than that indicated by the chemical 
c()uation for ('omplcte combustion. 

At the end of the coinjwession stroke the mix- 
ture reaches a pressure of the order of 10-15 
atmospheres and a tejupc'rature of the order of 
30()-400‘'(;., depending on the engine and 
of)erating conditions. E\'('n hefon; the passage' 


I of the spark appreciable oxidation of the fuel can 
occur. By cooling the exhaust gases from an 
engine motored, without sparking, Peletier, Van 
Hoogstraten, Smitten berg, arid Kooyrnan ob- 
tained, in addition to unchanged fuel, an aqueous 
li(|uid containing 30% by wt. of peroxides ; 
addition of this licjuid to the fuel charge to an 
engim* operating near the <letonation liiriit 
caused violent.detonation (Clialeur et Ind. 1039, 
20 . 120 ). 

V\dthrow, liovell, and Boyd- determin(;d the 
oxygen content fd gas samples taken fro?n 
difierent points in the' (romhustion chamber and 
at various times during the working stroke, and 
thus showed that a comparatively narrow band 
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of combustion travels outward from the spark 
plug and that combustion is practically com- 
pleted in this narrow zone (Ind. Eng. Chem. 
1930, 22 , 945). Chemical anal} sis and spectro- 
scopic observations of engine flames through a 
quartz “ window ” have also shown that 
formaldehyde is always present in the unbiunt 
gas which is about to knock (Withrow and 
Rassweiler, ibid. 1934, 26 , 1266 ; Egerton, 
Smith, and Ubbelohde, Phil. Trans. 1935, A, 
284 , 433 ; Ubbelohde, Drinkwater, and Egerton, 
Proc. Roy. Soc. 1935, A, 158 , 103). Egerton 
et at. {l.c.) also showed that the maximum eon- 
centrations of aldehydes, and especially of 
peroxides, are greater in knocking than in 
normal combustion, typical results being given 
in Fig. 1 (T.D.C.==top .dead centre, i.e., the 


position of the piston at the point of maximum 
compression). The line marked Flame ” 
indicates the })osition of the piston when the 
flame reached the sampling valve. The ])er- 
oxides ctmsisted mainly of nitrogen j^eroxidc, 
but small quantities of ()^gani(^ peroxides, 
l)ehaving like ethyl hydrogen peroxide, were 
also detected. 

The oxidation of hydrocarbon fuels in an 
engine cyhndor undoubtedly occurs by a chain- 
reaction mechanism, which is characterised by 
an induction period followed by a rapidly in- 
creasing reaction rate ; in the later stages tht; 
rate decreases as the reactants are consumed 
{rf. Pease, J. Amer. Chem. Soc. 1929, 51, 1839). 
Although the temptu ature and pressure at the 
end of the (;ompression stroke lie well within the 
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ignition I'cgions of hydi’ocarbons, the time avail- 
able (of the order of 0-015 second) is normally 
less than the ignition lag (induction period), so 
that, in the absence of “ hot spots ” (pre- 
ignition), true combustion is initiated by the 
spark. In the unburnt gas ahead of the flame, 
however, the temperature and pressure may 
rise to over 700°c. and 30 atm. re8j)ectively, 
under which conditions the ignition lags are 
much shorter, and it is possible for spontaneous 
ignition and detonation to occur. 

The main sequenoe of reactions involved in 
the oxidation of paraffin hydrociarbons in an 
engine is probably as follows, though chain 
branching can occur (adapted from von Elbe 
and Lewis, Ind. Eng. C^hem. 1937, 29, 551) ; 


R CH^ CH^-^ R CHj CHj OOH (1) 

R CHj cHa-OOH R CHj CHO+HjO (2) 

RCH^CHO+O/— -!iRCH2COOOH(3) 

^ ^ ^ . I surface 

RCH.COOOH ->- 

RCHjCOO+OH (4) 
0H+RCH2CH3=.RCH2CH2+Hj, 0 (r)) 
R CHjCHj+Oj -R CHa'CHjOO («) 

RCH2CH200 = R.CH0+CH30 (7) 

CH3O— ^CO+HjO+OH (8) 

R-CHO formed in (7) can then go through the 
series of reactions starting at (3), and so on. 
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With isomeric paraffins, oxidation starts at the 
end of the longest alkyl group. 

The oxidation of higher olefins in an engine 
follows a course similar to that of the higher 
paraffins, starting at the end of the molecule 
and not at the double bond. In the case of the 
lower aromatics, the mechanism is less well 
established. 

Measurement of Octane Number. — 

Early attempts at measuring the antiknock 
values of fuels were made using existing single 
or even multi-cylinder engines, fuels being com- 
pared on the basis of the spark advance or 


throttle opening required to give the same 
degree of detonation. One of the first engines 
specifically designed for the purpose was the 
E.36 engine (Ricardo, Aut. Eng. 1921, 11, 51, 
92, 130). In this engine the compression ratio 
could be varied within wide limits during 
operation by raising or lowering the cylinder 
relative to the rest of the engine. The com- 
pression ratio at which a specified degree of 
slight detonation was obtained under stan- 
dardise<l operating conditions was called the 
H.U.C.R. (highest useful compression ratio) of 
the test fuel. 
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Mklgloy devised a knoek iiidieatcjr known 
the ‘‘ bouncing pin” (J. vSoc. Aut. Eng. 1922, 
10 , 7) which provided a means of measuring 
detonation intensity in platie of its estimation 
by the ear. A modified form {see below) is at 
present widely used. 

It was obviously necessary to have a uniform, 
reproducible and gerx^rally acjcepted procedure 
for determining the knock characteristics of 
fiiela and in 1928 a sub- committee of the C.F.K. 
(Co-operative Fuel Kescarc^h) Committee was 
formed in the LI.S.A. to develop a suitable engine 


Adjusting Screws 



and procedure. The engine now used (Fig, 2) 
is a 4-8troke engine, the compression ratio of 
which is infinitely variable during operation 
between 3:1 and 30:1, the normal working range 
being from 4:1 to 10:1. It is liquid cooled, to 
facilitate accurate control of cylinder tempera- 
ture. The spark advance is automatically 
varied with the compression ratio, and means are 
provided for indicating the spark advance while 
the engine is running. The carburettor is 
provided with thiee float bowls, which can bt‘ 
raised or lowered to permit atjcurate adjustment 
of mixture strength; the multiple float*bowl 
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design facilitates the rapid change-over from 
test fuel to reference fuels and vice- versa. 

Intensity of detonation is measured with the; 
aid of a bouncing pin (Fig. 3). This instrument 
is screwed into the cylinder head approximately 
at the point where detonation occurs. The 
terminals are connected to an electric ciremit 
(jornprising a resistance heating-coil located near 
a thermocouple; thus the potential produced 
by the thermocouple depends on the period of 
time that the bouncing-pin contacts arc closed. 
The tensions of the leaf springs on which the 
contacts are mounted arc adjusted so that the 
circuit is not closed by impulses caused by 
normal combustion pressures. When detona- 
tion o(‘(;urs, the resulting rapid increase in 
(cylinder pressure throws the bouncing pin off 
the thin steel diaphragm and closes the circuit 
for a period of time depending on the intensity 
of detonation. The potential produced by the 
thermocouple is measured on a rnillivoltraeter, 
which is called a knockmeter and is calibrated 
from 0 to 1 00. 

Briefly, the octane number test is carried out 
by adjusting the compression ratio to give a 
specified knockmeter reading (intensity of 
detonation) with the test fuel, and bracketing 
the latter, on the basis of knockmeter readings, 
fietween reference -fuel blends, one blond being 
slightly higher and the other slightly lower in 
antiknock value than the test fuel. The primary 
reference fuels are pure itwoctane (2:2:4-tri- 
methylpentane) and pure n-heptane. Tests are 
normally made against secondary reference fuels 
such as technical e^ooctane and various stable 
gasolines, with or without addition of Ethyl 
fluid, the results being converted to octane 
numbers by use of an established conversion 
table or chart. The engine operating conditions 
were chosen to give the best correlation with the 
antiknock performance of fuels in cars on the 
road and the method is therefore sometimes 
known as the “ Motor Method.” The more im- 
portant conditions are summarised in Table I. 


Table 1. — Puincipal Conditions for 
Knock -RATING Test Methods. 




Method, 



Motor. 

Research. 

l-(^ (F-3). 

Speed, r.p.m. 

900 

600 

1,200 

Jacket temp., "F. 

212 

212 

374 

Spark advance, 
degrees 

Auto- 
matically 1 
varied. 

13 

35 

Intake air temp., 

Room. 

125 

125 

p . 

Mixture temp., T. 

300 

No heat 
applied. 

220 

Mixture strengtii 

F(»r max, 
knock. 

For max. 
knock. 

Ft)r max. 
thermal 
plug temp. 


This method has been adopted as standard by 
the Institute of Petroleum and by the American 
Society for Testing Materials (A.S.T.M.). 
Another method, the A.S.3\M. Research Method, 
employs somewhat milder conditions. It is 
intemleii purely for research purposes, th(^ 
difference between the Research and Motor 




636 


OCTANE NIBIBER. 


Method octane nu tubers giving a rough estimate 
of the sensitivity of fuels to ehangt^s in <mgine 
conditions. The Research and Motor Method 
octane luiinbers of pa ratlins do not usually 
differ by more than a few units ; for ohdins and 
aromatics, however, the Research Method 
usually gives distinctly higher results, while th(‘ 
few available results on cyr/oparaffins do not 
permit generalisation. A third method, the 
hC (,<tee Ta})le J), now ofhcially designated F-3 
in the U.S.A., was developed to correlat(‘ with 
ratings in aircraft engines und(M- weak-mixture 
cruising conditions. Ajmrt from differences in 
engine coTiditions, the 1 (f^ -3) method specifies 
a thermal y)lug instead of a bouncing ])in as a 
measure of dtdonation. 1'h<' thermal plug is, 
in fact, a th(Tmocou])l(\ so that fuels are com- 
])ared on the tiasis of t h<‘ temperatun* rise, rather 
than the rate of pressure increase, incident- on 
detonation. ^I'hc tMigines used lor all thn‘e 
methods ai-e similar, tliough not identical. 

Effect of Engine Conditions. —The order 
in W'hich finds ar(‘ ratial depiaids to a consid<*rabl<‘ 
extent on the engine conditions emjiloyed. 
Fundamentally the incidence of detonation 
deyumds on the condition (pressure, temperature) 
of the gaseous fuel-air mixture at the point 
W'hei't^ detonation occurs. Since reaid-ions in- 
volving induction jieriods are concerned, lim(‘ 
is also a fa(*tor, and thus migine speed has an 
important effect. Speed and the d(‘sign of 
valves and xalve ])orts also control the degree 
of turbiilenct' and thus th<‘ rapidity of the com- 
bustion. Tn g('i\(‘ral, an increase in s])ee>d raises 
the knock ratings of paraffins and cyciSoparaflins 
relative to those of aromatics, though exceptions 
occur (I..ovell, .\mer. l\>troloum Institute, 
Second Annual Ki'port, 1st Septemlier, 1939. 
and 31st August, 1940). binds differ considiu’- 
ably in regard to the effect of boost pressure 
(degree of super(diarging) ; the knoc k ratings of 
cytdoparaffins, and to a greater extent of 
aromatii's, usually an‘ liigluu', in relation to that 
of 2:2:4 -trimethylpenta lie, tiu^ higher the hoo.st 
pressure, while eonsidcrable ditt’ere.nees are found 
between even closely related bramdied-chaiii 
paraffins. Higher ('ugine tem|)cratures, due to 
increase in jacket or mixture temperatures, 
normally decrease the knbek ratings of aromatics 
relative to cycioparaffins or paraffins. 

Mixture strength has an important effect both 
on the absolute and relative knex^k ratings of 
fuels, and this effect is of greater significance in 
the case of aero-engines than in the (rase of cars, 
owing to the difference in the conditions of 
operation. Quite apart, from any limitations 
due to detonation, increase of mixture strength 
up to approximately 150% of that indicated by 
the “ chemically correct ” mixture results in a 
considerable increase in power, though at the 
cost of increased fuel (ronsumption. Rich mix- 
tures are therefore used for take-off, w here high 
power is needed for a short time. On the other 
hand, for cruising, a low fuel-consumption is 
required because range of operation and payload 
are limited by the quantity of fuel carried, and 
mixtures slightly weaker than the “chemically 
correct ” are used. Thus the antiknock valiums 
of aviation fuels of both rich and weak mixtures 
are of gi'eat practical interest. 


Fig. 4 shows two typical mixture response 
curves, that is, curves giving the relation 
between mixture strength (fuel-air ratio) and 
the power output as limited by incipient detona- 
tion. In testing aviation fuels, the power out- 
put is alterefl by varying the degree of super- 
charging (boost pressure) at constant com- 
pression ratio. Fuels are rated by establishing 
mixture response curi es for the test fuel and for 
a roferonei^ fuel (^f known rating. It is common 
practice to plot specific fuel consumption (lb. 
p('r h.p.-hr.) instead of fuel-air ratio, as the two 
art' r(4at<'d and this procedure avoids the eomph- 
eation of accurately nu^asuring the air flow 
t hrough the engine. In the case of rich mixture 
j-atings, th(^ tt'si fuel and refert'm'e fuel are com- 
fiared at tht' spet'iht; fuel consumption corre- 
sponding to the maximum point on the mixture 
response curve of the reference fuel, l^iiis, if 
tlu' acct'pted rich mixt ure rating of the reference 
fuel is lOOantf the j)Ower outputs obtainable with 
the tt'st and reference fuels are ;r and y respec- 
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tively, the rich mixture rating of the test fuel 
is 100 (xly). 

Although the 1-C (F-3) rating has been widely 
u.sed as an indication of weak-mixture per- 
formance, this is not necessarily true for all 
enginess and in any case it is necessary to cheek 
th(‘ degnn^ of correlation bidween the laboratory 
ratings and those in full-scale engines. The 
method adopted for determining the weak- 
rnixturc ratings of fuels in full-scale engines is 
briefly as follows. Rt'ferring t(^ Fig. 4 it will be 
noted that at w^eak mixtures each curve passes 
through a minimum, .lust on the rich-mixture 
sid(‘ of this minimum is a point marked “ mini- 
mum h»)ost point.” This is the point of maxi- 
mum tendency to detonation ; at richer or 
leaner mixtures, higher boost pi'essures can bo 
used before detonation is encountered. The 
shape of the curve on the weak-mixture side of 
this minimum boost point is due to a compromise 
between tw'o factors. The slower rate of burning 
of the weaker mixtures decreases the tendency 
to detonation and allows higher boost pressures 




OCTANK NUMBER. 


637 


tf) be used, while the snualler proportiou of fuel 
in the weaker mixtures tends to reduc*o the j)ow(‘r 
output. The minimum boost point < ()rresponds 
approximately to the speeilie fuel-eonsumptioii 
under economical cruising conditions, /.p., 
slightly weaker than the ehemic;ally correct ” 
mixture strength. If the weak-mixture rating 
of the reference fuel is taken as 100 anti the 
minimum boost points of the test and reftu’encc! 
fuels occur at boost pressui'es, in absolute units, 
of and q resjiectively, then the weak mixture 
rating of the test fuel is 100 {'pjq) 

The curves in Kig. 4 illustrate the fact that 
one fu(‘] may be better’ than another at rich 


mixtures, but that the orch'r of rating may be 
reversed at weak mixtures. 

For sjiecifying the antiknock value of aviation 
fuels, the present trend appears to be towards 
the use of rich and weak mixture ratings as out- 
lined above, instead of octane number, though 
the latter unit is still in use. Octane nurnbtir 
will probably be used for motor gasolines for 
some time to come. 

Significance of Antiknock Value. — 

So far as motor-iar engines are e-oncia-ncd, the 
antiknock valiu‘ of the fuel is mainly important 
in Slotting a limit to the comju’t'ssion ratio that 
can be usc’d. As in all thermodynamic cycles, 
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higher compression ratios result in greatm- 
efficiency and hence increased power and im- 
proved acceleration. Knock tests with cars 
on the road have shown that the A.S.T.M. octane 
number of a fuel is a good indication of its actual 
knocking tendency in the average car. 

In aero engines, a high antikno(;k value at 
rich mixtures is necessary to give the maximum 
power at take-off. When high power is required, 
increased supercharging is a more efle(*tive 
method of utilising higher fuel antiknock value 
than increase of compression ratio, since the 
former involves charging proportionately greater 
amounts of fuel and air to the engine. Hen<*e, 
for take-off, the rich mixture rating provides a 
more accurate indication of antiknock per- 


formance than docs tlu^ octane number. Under 
cruising conditions a low fuel consumption is of 
primary importance, because each pound of fuel 
carried means one pound less in })ayload or 
alternatively for the same payload, a decrease 
in fuel consumption moans a-Yi increase in range. 
With large aeroplanes on long flights, a decrease 
of 1% in fuel consumption would allow several 
times that increase in payloa<l, owing tx) the 
high ratio of weight of fuel carried to payload. 
Thermal efficiency is only slightly affected by 
supercharging, but markedly increases with com- 
pression ratio. Thus, for maximum fuel economy 
under cruising conditions the (^om})ression ratio 
should be as high as possible. In practice some 
compromise is nex'cssary, to obtain high power 
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at take-off, because the higher the compiTssion 
ratio, the lower is the permissible boost ]>re8Hnre 
hefoi'c detonation occurs with a given fu(‘l. Tlu^ 
1-C t)ctane number [)rovides a satisfactory 
indication of antiknock performance under 
cruising conditions for many aero engines; in 
f)th(T cases the weak-mixturo rating based on 
the minimum boost j)oint is used. 

JJetonation eaiises very rapid combustion of 
part of the combustible mixture in the cylinder 
and thus tends to reduce the power output, 
although moderately h(‘avy audible detonation 
is necessary before this becomes appreciable. 
In motor-car engines even fairly heavy detona- 


tion rarely causes damage to the engine. In aero 
engines detonation is less easily detected owing 
to the higher noise level and may result in stick- 
ing of the i^iston rings, pitting and burning of 
the piston and, in severe cases, wreckage of the 
engine within a short time. 

Relation between Chemical Structure 
and Octane Number. — Octane numlwrs of 
various hydrocarbons and of a few alcohols, 
ketones, and a braiicheil-chain (^tlier are given 
in Table II, and in f'igs. 5 and 6 octane 
niimber.s of paraffins and cyr/oparaffins, res- 
pectively, are jdotted against the number of 
carbon atoms. 



Octane number decreases with increase in the 
number of carbon atoms for hydrocarbons of 
similar structure (i.c., normal, 2-8ubstituted, 3- 
substituted paraffins, etc., respectively), ethylene 
and propylene (81 and 85 octane number respec- 
tively) being the only exceptions noted so far. 
Among paraffins and olefins, the octane number 
is higher the more compact the molecule {cf. 
Fig. 5). This effect of branching of the hydro- 
carbon chain in increasing the octane number 
is in line with the scheme of hydrocarbon oxida- 
tion outlined earlier. Equations (3) to (7) indi- 
cate that, starting at the end of the longest 
alkyl group, carbon atoms are progressively 
removed by oxidation via an aldehyde. When 
a side chain is present, this process will even- 
tually result in a ketone, which is less easily 
oxidised than an aldehyde and the oxidation 
process, and hence detonation, are arrested 
(Pope, Dykstra, and Edgar, J. Amer. Chem. 
Soc. 1929, 51 , 2203). Rice has shown that the 
knocking tendency of hydrocarbons increases ! 
with increase in the number of molecules formed 
by the thermal decomposition of one molecule 
of the hydrocarbon (Ind. Eng. Chem. 1934, 26 , 
269). 


Comparing paraffins and olefins of similar 
structure and with the same number of carbon 
atoms, ethane and propane are superior to 
j ethylene and propylene, but, for the higher 
members, the olefins have the higher octane 
numbers, the difference increasing with mole- 
cular weight. The position of the double bond 
in olefins apparently has little effect, as would 
be ext)ected if oxidation starts at the end of the 
carbon chain instead of at the double bond {see 
above). Stereoisomers (e.y., cis- and trans- 
butene-2) have the same octane numWs. 

Cycioparaffins with five or six carbon atoms in 
the ring exhibit similar relationships to paraffins 
(Fig. 6). Several methyl groups are more 
effective than the same number of carbon atoms 
in a single alkyl group (c/, ethyl- with 1:3- 
dimethyl-cycZohexane, n- or iao-propyl- with 
1 : 1 : 3 -trimethyl - cyclohexane ) . 

The simpler aromatics all have high octane 
numbers, the latter tending to decrease slightly 
with increase in the number of carbon atoms 
(Table II). 

Additional information on the relation between 
antiknock value and the chemical structure of 
hydrocarbons has been reported by Lovell, 
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Table IT. — A.8.T.M. Octane NuMBfiiES 

OF VaIUQUS A'OMrOLNDS. 


A.S.T.M. 

octane 

number, 

Varaffm hydrocarbon a. 

Methane 100 

Ethane 104 

Propane 100 

»oButane 02 

2 -Metijyl propane 00 

//-Pentane 01 

2-Methyll)utane HO 

/i- Hexane 20 

2-Methylp(tntane 7:i 

.'1-Mothylpentane 75 

2:2-Diiiiethylbntane (Neoliexane) . 00 

2:3-I)imethyll)Utane 05 

/i -Heptane 0 

2-Methylhexaii(! 45 

2- Methylhexane 00 

2:2-T)iinethylpontane 03 

2:3-I)iinethylpentan(' HO 

2:4-J)imethylpentane 82 

3:3-Diniethy]pentane 84 

3- Ethylpentane OS 

2:2:3-'rriniethylbntaTie . ' . . 100 

«-Octane - 17 (extr.) 

2- Metliylheptane 24 

3- Methylheptane 35 

2:3-Dirnothylhexane 70 

2;5-DiTnethylhexane 52 

3:4-Diniethylhexano . „ . . . 85 

3-Methyl-3-('-thyl-pentHne ... 01 

2:2:3-'J’riinethylpentane .... 102 (cxtr.) 

2:2:4-Trjinethylpentaiie .... 100 

2;3:3-Triinethylpentane .... 99 

2:3:4-Trimethylpentane .... 90 

2:2:3:3-Tptramethylbiit}ine . . >100 

n-Nonane — 45 (extr.) 

Olefin hydrocarhons , 

Ethyhuie 81 

Propylene 85 

Butene- 1 80 

Butene -2 83 

2-Methylpropene 87 

Pe.ntene 80 

2-Methylbutcne-2 83*5 

Hexene-2 78 

Hexenc-3 78 

2- Methylpentene-2 78 

3- Methylpentenf‘-2 77 

3:3-Diracthylhuteno-l .... 94 

Octene-J 55 

cyoXoParafii't^ hydrocarhom. 

cj/cioPentane 83 

Methylcj/dopentanc^ 82 

cj/c^oHexane 77 

Methylcyc/ohexane 71 

1 rS-Diniethylcj/c^ohexane .... 09 

Ethylcyctohexane 41 

n-Propylcyc/ohexane 14 

isoPr^ylcj/cZohexane 01 

l:l:3-Trimothylc2/c/ohexanc . . 82-5 

Aromatic hydrocarbons. 

Benzene ........ 106 (extr.) 

Toluene 104 (extr.) 

o-Xylene 100 

m-Xylene >100 

Ethylbenzene 98 

n-Propylbenzene 99 

woPrqpylbenzenc 100 

1 :2:4-Trimethylbenzene .... 91 

«ec.-Butylbenzene. 96 

f^.-Biitylbenzene >100 

Alcohols. 

Methyl alcohol 91 

Ethyl alcohol 95 

iaoPropyl alcohol >100 

Ketones. 

Acetone >100 

Methyl ethyl ketone >100 

Methyl i«obutyl ketone . . . . >100 

JEther. 

Hi-t^upropyl ether 99 
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(Wnpbell, and Boyd {ibid. 1934, 26 , 1105). 
Although they used a different engine and differ* 
ing engine ojjerating conditions, their conclusions 
were in many cases similar to those given in this 
arti(4e. 

Data on the octane numbers of oxygen com- 
fiouiids are available only in a few cases, but 
the lower alcohols and ketones have high anti- 
knock values. While diethyl ether is a pro- 
knock, di?>opropyl ether is nearly equivalent to 
/.sooctane. This may bo due to the fac t that it 
contains two brancbed-chain alkyl groups and 
thus a ketone may be formed on oxidation. 
Some of the lower ketones have high lead sus- 
ceptibilities. 

A fair flegree of (!orrolatioii has been found 
between octane number and spontaneous igni- 
tion temperature, determined by allowing the 
fuel to drij) into a heated metal pot, the t/cmpera- 
ture f)f which is raised until ignition occurs 
(Weerman, d. Inst. Petroleum Tech. 1927, 13 , 
309; Egerton and (jrates, ibid. 1927, 13 , 273). 
Thus ()ranchcd-chain paraffins have higher 
spontaneous ignition tem])erature8 than normal 
paraffins, knock inhibitors increase the spon- 
taneous ignition temperature, etc. The corre- 
lation is not perfect, however ; diethyl selenide, 
for example, raises the spontaneous ignition 
temperature to a greater extent than does 
tetraethyl lead, though it is a far less effective 
knock inhibitor (Egerton and Gates, l.c.). 

When two hydrocarbons are blended in various 
proportions, the relation between the A.S.T.M. 
octane number of the blend and the eoncentra- 
i tion of the component of higher rating is some- 
time\s a straight line, sometimes a curve. In 
the latter case th(^ octane number of a blend is 
usually, though not always, less than would bo 
exp<u‘tcd from the octane numbers of the pure 
eomponents. Such curved blending-relation- 
ships are usually obtained when one of the com- 
ponents has a Research-Method octane number 
considerably higluT than its Motor-Method 
octane number, that is, when this component is 
sensitive to changes in engine conditions. The 
partial pressure of any fuel component in the 
fuel-air mixturt', in the cylinder will, of (bourse, 
dejmnd on its concentration in the blended fuel ; 
several of the components which exhibit curved 
blending-relationships are also those the ratings 
of which are altered considerably by changes in 
boost pressure {me p. 636d). 

In considering the problem of relating anti- 
kmxjk valtie to chemical structure, it must be 
remembered that the relative antiknock values 
of fuels in some eases depend markedly on the 
operating conditions of the engine. The con- 
clusions given above are based on A.S.T.M. 
Motor-Method octane numbers and would not 
necessarily hold under other conditions, for 
example rich mixture ratings in supercharged 
engines. 

Knock Inhibitors. — It has already been 
mentioned that the oxidation of the fuel in the 
engine cylinder involves chain reactions. Such 
reactions are sensitive to inhibitors and several 
substances have in fact been found to exert an 
inhibiting action on detonation. These include 
aniline, other aromatic amines, and certain 
organometaUic compounds, such as diethyl 
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seleniflo aTul tellurule, v<arious thallium com- 
pounds, nickel and iron carbonyls and tetraethyl 
lead (Midgk'y and Boyd, Trans. Soc,. Aut. Enj^. 
1920, 15, 059; Boyd, Jnd. Eng. Chem. lt)24, 
16, 893 ; Cdiarch, Mack, and Boord, ibid, 1920, 
18, 334 ; C. Ellis, “ Chomistiy of Petroleum 
Derivatives,” Keinhold, 1937, Vol. 11, p. 1010). 
Pope, Dykstra, and Edgar have obtained chemi- 
cal evidence that tetraethyl lead inhibits the 
chain reactions by which hydrocarbons are 
oxidised (J. Anu'r. C4iem. 8oc. 1929, 51, 2213). 
It has been suggested that the cdf'ectivoness of 
this compound is due to its decomposition to lead 
monoxide and dioxide* in the engine, the dioxide 
decomposing and thus removing organic per- 
oxides formed from the* fuel, the lead monoxide 
formed then reac'ting with oxygen to reform the 
dioxide (Egorton and Gates, J. Inst. Petroleum 
Tech. 1927, 13, 281). Withrow and Hassweiler 
have obtained experimental support for this 
theory by obsc*rving the absorption speedra of the j 
fuel-air mixture before the commeneenient of 
combustion in an engine provided with trans- 
parent “ windows ” (Ind. fhig. Chem. 1935, 27. 
872). Detonation can lx* effectively reduced 
by drawing the air supplied to the engine over 
a lead are or by the use of a colloidal solution 
of metallic lead in the fuel. 

When tetraethyl lead was tii’st used, trouble* 
was experi(‘iH‘ed due to pitting of exhaust valves, 
etc., and the formation of conducting deposits of 
lead salts on spark plugs. The former (lifficulty 
was overcome by the use of special austenitic 
valve steels and the second by addition of 
ethylene dibromide to the* tetraethyl lead, as a 
result of w hich the lead passes out of the exhaust 
as relatively volatiles Dad bromide instead of 
being deposited as lead oxide, etc*. The anti- 
knock concentrate supplied foi* blending with 
gasoline is called ” Ethyl Fluid.” The Ethyl 
Fluid for aviation gasolines c'ontaina tetraethyl 
lead and ethylene dibromide, with small c|uanti- 
ties of dye, kerosine, etc., whercias that for motor 
gasolines contains a })roportit>n of the cheaper 
ethylene di chloride . The com c n tration of Ethyl 
Fluid is always expressed iu ternis of the actives 
antiknock agent, tetraethyl lead. 

The increase in oedane number per c.c;. of 
tetraethyl lead per gallon diminishes as the 
concentration increases. A semi-empirieal chart 
has been devised on wiiich octane number plots 
as a straight line against tetraethyl lead' con- 
centration in a given base gasoline o* hydro- 
carbon, thus permitting “ lead ” susceptibility 
to be expressed as a single figure (Hobl, Rendol, 
and Garton, ibid. 1939, 31, 862). In general, 
paraffins, especially branched-chain paraffins, 
and eyeZoparaffins have high lead suscepti- 
bilities, while aromatics frequently have low 
lead susceptibilities. A curious effect of con- 
centration is observed with benzene. As the 
percentage of benzene in blends wdth w-heptane 
is increased, the lead susceptibility increases to 
a maximum at about 63% by volume of benzene, 
then decreases, becoming negative with pure 
benzene, i.e., addition of tetraethyl lead to the 
latter decreases the octane number. Olefins 
often have relatively low lead susceptibilities. 
Certain sulphur compounds decrease the lead 
susceptibility, the effect increasing in the order : 


carbon disidphide, thiophen, sidphides, mer- 
captans, disulphides, and trisulphidcs, e.e., 
approximately in the order of reactivity of the 
sulphur (Birch and 8tansfield, ibid. 1936, 28, 
668). This is possibly due to the partial for- 
mation of lead sulphate instead of lead oxides 
during combustion, lead sulphate being unable 
to decompose peroxides. 

Certain substances, such as ozone, organic 
nitrites, ether, etc., act as pro-knu(!ks, i.e., they 
increase detonation. This is thought to be due 
to their ability to form peroxides. 
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OCTANE NUMBER (CETANE NUm"- 
BER). The ignition quality of a fuel, i.e., its 
ability to give smooth running and absence of 
“ knock ” in compression-ignition engines, is 
usually expressed in terms of cetant* number. 
The latter is numerically ecpial to the percentage 
by volume of (‘otane (w-liexadecane) wdiich must 
bo mixed with a-methylnaphthalcnc to give a 
blend having the same ignition (quality as tin* 
test fuel in a compression-ignition engin(\ 
Cetane number is less dependent than octane 
number on the engine and operating conditions, 
hence standardisation of tluiso factors is of less 
importance. 

Delay Period. — In compr(‘,ssion-ignition 
engines (often less accurately called Diesel 
engines) air is compressed in (‘aeh ( ylindcr by 
the motion of the piston and is tluis raised to a 
temperature of the order of 500 c. Shortly 
before the point of maximum compression, fuel 
is injected into the combustion chamber as a 
fine spray, the high temporaturc of the com- 
pressed air causing spontaneous ignition, and 
the resulting combustion provides the power to 
drive the engine on the power stroke, ignition 
of the fuel is not instantaneous and a short time- 
lag, the delay period, occurs between injection 
and ignition. During the injection period fuel 
is injected continuously and hence unburnt fuel 
accumulates in the combustion chamber during 
the delay period. When ignition occurs, this 
fuel burns with great rapidity causing a rapid 
increase of pressure, which may give rise to 
audible knock and rough running of the engine 
if the delay period is unduly long. Thereafter 
the rate of burning of the fuel is controlled by 
the rate at which the fuel is injected. This 
explanation of the combustion process in com- 
pression-ignition engines is due to Ricardo (Aut. 
Eng. 1930, 20, 151). 

The sequence of events is illustrated in Fig. 1 , 
in which the pressure in the combustion chamber 
is plotted against degrees crank-angle. During 
the delay period the pressure increases at a 
nearly constant rate. When ignition of the 
accumulated unburnt fuel occurs there is a 
rapid increase in pressure, this increase being 
the more rapid, the longer the delay period. 
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After this accumulated fuel has boon burnt, the 
pressure increai’cs uniformly at a slower rate, 
the fuel burning nearly as fast as it is injected, 
until combustion is completed shortly after the 
end of the injection period. The pressure then 
decreases normally during the power stroke. 

The delay period is duo partly to physical, 
partly to chemical causes (the physical delay 
being about 5-10% of the total delay), and 
depends both on the chemical composition of 
the fuel and on the engine design and operating 
(ionditions. Thus, time is necessary for the fuel 
droplets to acquire the temperature of the hot 
compressed air in the cylinder, while the 
viscosity of the fuel affects the size of the fuel 
droplets and the extent to which the fuel spray 
penetrates through the combustion space, thus 
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finding the air necessary for combustion. The 
volatility of the fuel is also of some importance 
from the viewpoint of Imock, since ignition 
starts in the vapour phase and thus a certain 
amount of vaporisation facilitates ignition, 
though, if too much vaporisation occurs between 
injection and ignition, the rate of pressure-rise 
following ignition may be increased owing to the 
greater rate of combustion aftcT ignition, thus 
tending to cause knock (Rothrock, National 
Advisory Committee for Aeronautics Report 
No. 435). The fuel must undergo certain pre- 
liminary chemical reactions before ignition can 
occur and the rate which these reactions pro- 
ceed depends on the chemical composition of 
the fuel and on the temperature in the com- 
bustion space during injection of the fuel. 



Hence those engine factors which affect this 
temperature will also affect the delay period; 
these factors include compression ratio, injection 
advance, speed, temperature and pressure of the 
intake air, and jacket or cooling air temperature. 
In addition, degree of mixing of the fuel droplets 
and air depends on the engine design, while in- 
jector design and injection pressure affect the 
degree of atomisation and penetration of the fuel 
and also the extent to which the fuel spray fills 
the combustion space. The total delay period 
is normally between 0*0004 and 0*005 second. 

The physical and chemical properties of the 
fuel, which affect the delay period, are collec- 
tively known as the ignition quality, and the 
latter is expressed as the cetane number defined 
as ab6ve. The ignition quality of cetane is 
arbitrarily fixed as 100, that of a-methyl- 
naphthalene as 0. 

VoL. VIII.— 41 


It has been suggested that the chemical 
reactions which occur during the delay period 
are oxidation chain -reactions, similar to those 
which occur with gasoline in spark-ignition 
engines during the compression stroke. This 
appears unlikely, however, since the direct 
oxidation of hydrocarbons by such processes is 
relatively slow and the time during which the 
fuel and air are in contact at a high temperature 
is much shorter in compression -ignition engines. 
It is more likely that thermal decomposition 
occurs first, and in fact Boorlage and Van Dijck 
have found a relation between ignition quality 
and thermal stability (J. Roy. Aeronaut. Soc. 
1934, 88, 963). 

Spontaneous ignition temperatures of fuels 
bear a rough relation to their ignition qualities 
in an engine, but the correlation is not perfect (I^ 
Mesurier, J. Inst. Petroleum Tech. 1932, 18, 662). 
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Measurement of Ignition Quality. — 

The pioneer work on the measurement of 
ignition quality was carried out by Boerlage 
and Brooze in Holland (Engineering, 1931, 
182, 003, 087, 755), by Poj)e and Murdock in the 
U.S.A. (Trans. Soc, Aut. Eng. 1932, 27, 130), 
and by Le Mesurier and Stansficld in England 
(J. Inst. Petroleum Tech. 1931, 17, 387). Two 
types of methods have been used. In one type 
fuels are compared on the basis of delay period 
(Boerlage and Broeze, lx.), while in the other 
the engine is motored and th(^ (‘oin})res8ion 
pressure varied cither by varying the com- 
pression ratio (Pope and Murdock, lx.) or by 
throttling the air intake until the engine will 
just fire when fuel is injected for a few revolu- 
tions. 

Previous experience in determining Ihc anti- 
knock value of gasoline had shown the advan- 
tages of using reference fuels, and Boerlage and 
Broeze proposed the use of cetene (hoxadecylene) 
and mesitylene as high and low ignition quality 
standards respectively. Shortly afterwards a- 
mcthyl-naphthalene was substituted for mesity- 
lene on the grounds of jjrice and available 
supplies. For several years ignition quality was 
expressed in terms of cetene number. However, 
owing to variations in different batches of cetene, 
the (American) Volunteer Group for Compres- 
sion-Ignition Fuel Research proposed the use of 
cetane (Trans. 8oc. Aut. Eng. 1930, 31, 225). 
and this has since l)een widely adopted. On 
account of the relatively high cost of cetane 
and a-methyinaphthalcnc, secondary reference 
fuels are normally employed, tin*, results being 
converted to cetane numbers by an established 
conversion curve. The secondary reference fuels 
normally used are either a high cetane-number 
paraffini(; gas oil and a low cetane-number 
extract made by treating kerosine with liquid 
sulphur dioxide (Institute of l^etroloum) or a 
paraffinic gas oil and technical grade methyl- 
naphthalene (American Society for Testing 
Materials, abbreviated “ A.S.T.M,”). 

Since the cetane numbers of normal undojwd 
fuels are not markedly affected by the engine 
and operating conditions used (Boerlage, Broeze, 
Le Mesurier, and Stansfield, J. Inst. Petroleum 
Tech. 1936, 22, 455), the two tentative methods 
standardised by the Institute of Petroleum 
permit the use of any suitable engine. In 
method A the delay angle, that is the number 
of degrees crank-angle between injection and 
ignition, is determined for the test fuel, and the 
blend of reference fuels found which gives the 
same delay angle as the test fuel. In method B 
an expansion chamber is fitted in the intake 
pipe and the inlet to this chamber throttled until 
the engine starts to misfire when using the test 
fuel; the reference fuel blend which causes 
misfiring at the same suction pressure as the 
test fuel is determined. Method A is preferred 
for routine tests, but method B is convenient, 
where special apparatus, e.g., for measuring the 
delay angle, is not available. The two methods 
give similar results. 

The A.S.T.M. method employs a C.F.R. (see 
this Voh, p. 635a) engine with a specially 
designed cylinder, the oompression ratio of 
which is continuously variable. The engine is 


operated under standardised conditions; tests 
are carried out with the compression ratio 
adjusted to give a fixed delay-angle of 13°, and 
the reference fuel blend, which matches the test 
fuel, determined. The times of injection and 
ignition are indicated by instruments of the 
bouncing-pin type {see Octane Numbeb, this 
Vol., p. 635a). 

Significance of Cetane Number. — From 
the section on “ Delay Period ” it follows that a 
compression-ignition fuel should normally have 
a cetane number sufficiently liigh to give smooth 
running and freedom from knock in the engines 
for which it is intended ; a higher cetane number 
than this is of no advantage from this point of 
view. It must be emphasised that, while an 
increase in octane number permits the use of 
higher compression -ratio or greater supercharge, 
thus increasing efficiency or power output, an 
increase in cetane number permits the use of 
lower compression -ratios, which w^ouJd rt'sult in 
lower efficiency, though permitting a lighter 
engine. 

Low-speed engines (less than about 400 r.j).in.) 
arc not as a rule very critical as regards the 
cetane number of the fuel, which may be 30 or 
even less. In high-speed engines (more than 
about 1,000 r.p.m.) the time available for com- 
bustion is reduced and good ignition quality is 
therefore of greater importance ; in these engines 
fuels with cetane numbers of 45-50 may be 
required. 

Too high a cetane number may bo a definite 
disadv’antage in some cases. Thus, if the fuel 
bui’ned immediately on leaving the injection 
nozzle, mixing of the air and fuel might be less 
complete, resulting in incomjjleto combustion, 
loss of power, and a smoky exhaust. Further, in 
certain types of engines the fuel spray is in- 
jected diametrically acToss the combustion space 
towards a small air-cell connected with the com- 
bustion space by a narrow throat ; part of the 
fuel burns in the air-cell and the combustion 
gases ejected from the cell increase the tur- 
bulence and completeness of combustion in the 
main combustion chamber. If the cetane 
number of the fuel is too high, and the delay 
period too short, the fuel may ignite before it 
reaches the air-cell, thus resulting in incomplete 
combustion, loss of power, and smoky exhaust 
as in the previous cases (“ The Evaluation of 
Petroleum,” 1940, p. 32, publ. by American 
Society for Testing Materials), 

Starting an engine from cold tends to be more 
difficult at low atmospheric temperatures 
because the low air temperature of itself reduces 
the maximum compression temperature and no 
heat is radiated from the cylinder and piston 
until the engine warms up. The delay period 
is therefore longer and in some cases starting 
may be impossible. Under these circumstances 
higher cetane-number fuels improve ease of 
starting. Such fuels are also advantageous for 
operating at high altitudes, where the low intake- 
air pressure reduces the compression tempe|*ature 
and hence increases the delay. 

There is much more chance for regions of over- 
rich fuel-air mixtures to exist in the combustion 
space with compression-ignition than with spark- 
ignition engines. This results in thermal decom- 
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position of the fuel to “ carbon,” etc., causing a 
smoky exhai^t, deposition of carbon on in- 
jector nozzles, etc., especially at full throttle 
and with fuel of too low a cetane number. 
Under comparable conditions exhaust smoke 
tends to increase as the cetane number of the 
fuel is reduced. 

In certain engines a kind of lacquer may be 
deposited on the pistons, causing sticking of the 
piston rings and even seizure of the piston in the 
cylinder within a short time, with fuels of too 
low cetane-number ; this occurs especially 
during part throttle operation, when engine I 
temperatures are relatively low. This lacquer | 
is composed of organic acids, polymerised alde- 
hydes, etc., and is apparently formed by chilling 
of the combustion by the relatively cool cylinder 
walls (Boerlage and Broeze, Ind. Eng. fljcm. 
1936, 28 , 1229). According to these authors 
the combustion process is probably a combina- 
tion of thermal decomposition and hydroxy- 
lation (W. A. Bon(5 and J). T. A. Townend, 

“ EJame and Combustion in Gases,” Longmans, 
1927, p. 373), intermediate products from the 
latter process giving rise to lacquer. The acrid 
odour sometimes noticeable in the exhaust from 
compression -ignition engines at light loads has 
been shown to be due to ahhdiydes, probably 
formed in a similar way. Lacquer and exhaust- 
odour tend to be greater with lower cetane- 
number fuels. 

Further information on the relation between 
cetane number and the various performance 
characteristics mentioned above are given by 
Ainsley, Young, and Hamilton (Trans. Soc. 
Aut. Eng. 1942, 50 , 160) and Wetmillcr and 
Endsley {ibid., p. 509). 

In conipression-ignitiun engines knock tends 
to increase, the slower burning the fuel, while 
the reverse is true in spark-ignition engines. As 
a result there is an inverse relationship l)etween 
cetane number and octane numbc'r. 

Relation between Chemical Structure 
and Cetane Number. — The ignition qualities 
of pure hydrocarbons have been determined in 
a few cases only. However, some information 
is obtainable from hydrocarbon type-analyses 
of various compression -ignition fuels. Thus the 
indications are that ignition quality decreases 
in the order (i) normal paraffins, (ii) olefins, 
(iii) aromatics; branched- chain paraffins have 
lower ignition qualities, the greater the degree 
of branching (Boerlage and Broeze, ibid, 1932, 
27 , 283), the cetane numbers of 7i-heptane and 
2:2:4-trimethylpentane, for example, being 64 
and 22 respectively. Ju, Wood, and Garner 
from a study of blends each containing 60% of 
72-alkylbenzene find a steady increase in blending 
cetane number from toluene (—21) to w-tetra- 
decylbenzene (72), though the first member, 
benzene, has a cetane number of —10 (J. Inst. 
Petroleum, 1942, 28 , 169). No information 
on cycioparaffins appears to be available. 

Several “ indices,” which bear a rough relation 
to chemical structure, have been proposed to 
replace engine tests as a measure of ignition 
qtlality. Of these the most widely used is the 
l^esel Index (Becker and Fischer, Trans, Soc. 
Aut. Eng. 1934, 29, 376). 


Dieael 

Anihnc point is the minimum teiniwraturc at 
which equal volumes of aniline and the fuel are 
completely miscible, while A.P.I. (American 
Petroleum Institute) gravity is defined as •. 

A.P.I. gravity=- — : 131*5. 

opeciiic gravity 

Diesel Index shows a fairly good correlation 
with cetane number in many cases and has been 
successfully used for routine control of fuels of 
known origin. There are exceptions, however, 
and it is not a satisfactory guide for fuels of 
unknown origin ; furthermore it fails com- 
pletely with fuels consisting largely of branched - 
chain y)araffins and wnth fuels containing small 
quantities of ignition accelerators (see below). 
Other indices based on viscosity and specific 
gravity (Moore and Kaye, Oil and Gas J. 1934, 
Nov. 15, p. 108), boiling-point and gravity 
(Jackson, Oil and Gas J. 1935, Mar. 21, p. 16) 
or on the parachor (Heinze and Marder, Brenii- 
stoft-Chem. 1935, 16 , 286) have been proposed, 
but have not been so widely used as Diesel 
Inde.x. Koccntly the Institute of Petroleum 
have recommended the following formula for 
normal undopeni fuels (J. Inst. Petroleum, 1944, 
30 , 193) : 

(Calculated cetane no. — 175*4 log (mid-boiling 

point, ‘'F.)-f 1*98(A.P.I. gravity)— 496. 

Ignition Accelerators. — Several materials 
have been discovered, small quantities of which 
considerably incretise the cetane number of 
compression-ignition fuels, though none ap- 
proaches the effectiveness of tetraethyl lead in 
raising the octane number of gasoline. How- 
ever, the more effective will increase the cetane 
number of a fuel by 6-13 units at a concentration 
of 0*5% by weight. These substances include 
organic peroxides, nitrates, nitrites, thio- 
nitrites, di-, and poly-sulphides, triazenes, 
ehloropicrin, etc. Data on a large number of 
these ignition accelerators have been summarised 
by Bogon and Wilson, Petroleum Refiner, 1944, 
23, No. 7, 118, where additional references w ill 
be found. The iucreasc in cetane number is 
usually greater, the higher the cetane number of 
the base stock, and the effectiveness decreases 
with concentration. 

Broeze and Hinze explain the action of 
ignition a ccelerators by a chain -reaction 
mechanism (J. Inst. Petroleum, 1939, 25, 667), 
but little experimental evidence on this subjecit 
appears to have been published. 

F. L. G. 

OCTOIC ACIDS. The most important of 
the 39 possible isomeric fatty acids of the 
formula C^Hig-COOH is n-octoic acid (caprylic, 
heptane- 1 -carboxylic acid). This is of wide 
natural occurrence as esters, glycerides, and as 
the free acid in many oils and fats of animal, 
vegetable, and mineral origin. It is among tlie 
fatty acids obtained by the saponification of 
various fats, e.g., coconut oil ( 8 * 7 %) (Taylor 
and Clarke, J. Amer. Chem. Soc. 1927 , 49 , 
2829 ), palm kernel oil ( 3 %) (Armstrong, AUan, 
and Moore, J.S.C.I. 1 926 , 44 , 143 t ), cohime nut 
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fat (7*5%) (Hilditch and Vidyarthi, ibid. 1928, 
47, 36t), butter fat (1*3-2%) {ate Butter, 
Vol. II, 1(31), Japanese sardine oil (J. Soe. 
Chcm. Ind. Japan, 1940, 43, 69) and in goat 
butter-fat (together with caproic and capric 
acids), and from which the name caprylic acid 
is derived (L. cai>er-pri, goat). 7i-Octoic acid 
is present as esters in small quantities in the 
odorous constituents of apples and peaches 
(Power and Chesnut, J. Amer. Chem. Soe. 1920, 
42, 1513; 1921, 43, 1726) and in the volatile 
eonstituents of Valencia orange juice (Hall and 
Wilson, ibid. 1926, 47, 2675). Other sources 
include orange peel oil, orris oil, oil of rue, fusel 
oil, tobacco flowers, and Limburger cheese. 
(The flavour of roquefort cheese is due to fatty 
acids, including w-octoic acid, liberated from the 
butter fats by the lipases of the mould.) It has 
also been isolated from petroleum acids (Quebo- 
deaux. Wash, Ney, Crouch, and Lochte, ibid. 
1943, 65,767). 

It may be prepared by fractionating the fatty 
acids obtained by the saponification of coconut 
oil, the portion boiling 220-240"^ being con- 
verted into the barium salt and purified by 
recrystallisation. The free acid is then liberated 
and distilled (Van Ronesse, Annalon, 1874, 171, 
380). Although synthetic methods may be 
employed, as the condensation of two molecules 
of aJdol with subsequent oxidation and reduction 
of the product (Raper, J.C.S. 1907, 91, 1831), 
or by oxidation of »-octyl alcohol, the isolation 
from natural sources is more economical, and 
the acid so prepared is used for the preparation 
of other n-octyl derivatives (e.y., ?i-octyl alcohol, 
by the reduction of ethyl caprylate with sodium 
and alcohol (J. Amer. Chem. Soc. 1922,44, 2648)). 

w-Octoic Acid, m.p. 16*3®, b.p. 239*77760 
(for boiling-point at lower pressures, see Pool 
and Ralston, Ind. Eng. Chem. 1942, 34, 1104), 
0*914, 1*41 xlO"*®, solubility in water at 

15° : 0*072 g./lOO c.c. Methyl eeter^ b.p. 193- 
J 94° ; ethyl ester ^ b.p. 207-208° ; propyl eatery 
b.p. 225° ; and n-bvtyl estery b.p, 240*5° ; glyceryl 
tri-n-octoatty m.p. 8°. Copper salty m.p. 264- 
266°; zinc salty m.p. 136-136°; lead salty m.p. 
83-84°. Anhydridty b.p. 280-285° .* acid chlo- 
ride, b.p. 194—196° ; amidcy m.p. 1 10° ; nitrilcy 
b.p. 198-200°. 


Passage of the vapours of n-octoic acid over 
ferrous or ferric oxide at 450-490° gives a 77% 
yield of di-n-heptyl ketonty m.p. 39° (Mailhe, 
Compt. rend. 1913, 157, 220); if mixed with 
formic acid and passed over titanium dioxide at 
300° it gives a 90% yield of octanal (capryl- 
aldehyde). Certain micro-organisms, such as 
penicillium glaucurriy convert the acid into 
methyl amyl ketone (by )3-oxidation to jS-keto- 
octoic acid, followed by decarboxylation), and 
it is ketones of this type, having unpleasant 
odeurs, which are the cause of the rancid odours 
of fats {e.g.y cocoa-butter) attacked by moulds. 

A compound with triethanolamine has been 
recommended as a wetting agent for use in the 
toxtlo industry or in ore treatment (U.S.P. 
2239997), and the use of heavy metal salts has 
been suggested as mordants in steam printing 
(Pomorauz, Amer. Chem. Abstr. 1932, 26, 3931). 
A solution in water (1:6,000) has been suggested 
as an insecticide (J. Agric. Res. 1924, 29, 269). 
The preparation of therapeutic esters of 
oestrone,.oquilin, and equilenin with 7i-octoic acid 
has been patented (U.S.P. 2228397), and also 
ocstradiol di-w-octoate (Swiss P. 205439). 

B. A. K. 

OCTYL is the monovalent radical CgH^^- 
which w’ould result theoretically from the 
removal of one hydrogen atom from an octane 
CgHjg. From the 18 known isomeric octanes 
it is possible to derive 89 isomeric octyl radicals 
(excluding stereoisomers). Unless otherwise 
stilted, octyl may be taken to refer to normal 
octyl CHyCCHJgCHa-. The existence of 
octyl as a free radical of short life has not been 
demonstrated. 

Octanes. 

Octanes occur in many crude oils and as- 
sociated natural gases, but the amomits vary 
widely. The natural gasoline Recovered from 
gas associated with the light paraffinic Pennsyl- 
vania oil has been shown to contain about 4% 
octane (Anderson and Erskine, Ind. Eng. Chem. 
1924, 16, 263). The 55-145° fraction of Ponca, 
Oklahoma oil (a fairly typical mid-continent 
crude) contains about 11*1% of octanes, rt- 
octane accounting for 7% and eight other isomers 
for 4*1%. 


Table I. — Isomeric Octanes. 



Isomer. 

M.p. 

B.p. at 
760 mm. 

pf 


Octane 

number. 

1. 

w- Octane 

-.66-8'* 

125-6° 

0-70283 

1*39764 

-17 

2. 

2-Methylheptane 

-^111*3° 

117 2° 

0-6978 

1-3947 

24 

3. 

3-Methylheptane . . 


119° 

0-7057 

1-3983 

35 

4. 

4-Methylheptane 


118° 

0-7163 

1*39814 


5. 

3-Ethyihexane .... 


118-9° 

0-7122 

1*4020 


6 

2;2-Dlmethylhexane . . 


107° 

0-6950 

1*3930 


7. 

2:3-Dlmethylhoxane . 


115 7° 

0*71240 

1*40117 

76 

8. 

2: 4-DimetliyI hexane . 


109“ 

0*6993 

1*39582 


9. 

2:5-Dimethylhexane . 

-90-7° 1 

109*3° 

0*6949 

1*39295 

52 

10. 

3:3-I)imethylhexane . . . 


111° 

0-7086 

1-3993 


11. 

3:4-Dlmethylhexane . 


117*8° 

0*7195 

1-4045 

65 

12. 

2-Methyl-3-ethylpentane 


114° 

0*7182 

1-4033 


13, 

3-Methyl-3-ethylpentane 


118*4° 

0*7256 

1*4081 

91 

14. 

2:2:3-Trimethylpentane . 


110*3° 

0*7162 

1*4032 

102 

16. 

2:2:4-Trimethylpentane . . 

-107*45° 

99*3° 

0-69194 

1*39167 

100 

16. 

2:3;S-Trlmethylpentane . 


114*2° 

0*7258 

S 1*4075 

99 

17. 

2:3:4-Trimethylpentane . . 

2:2;3:8-Tetramethylbiitane . 


113*4° 

0*7195 

1*4040 

97 

J8. 

-101° 

! 106*5° 



103 
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Owing to the importance of octanes in petrol, 
and especially highly branched isomers in high- 
octane aviation spirit, much research has been 
done on the production of octanes by cracking 
of crude oil, by polymerisation, and by alkylation 
methods and which are now carried out on a 
large scale industrially. In addition, many 
isomers have been synthesised on a fairly large 
laboratory scale using unequivocal methods, 
and after careful purification by fractional distil- 
lation, the physical constants have been 
recorded for use in the identification of con- 
stituents of petroleum and cracked petroleum 
products. 

All the 18 possible isomeric octanes are known 
and are listed in Table I together with some 
physical properties. (For greater detail, sec 
G. Egloff, “ Physical Constants of Hydro- 
carbons,” Itcinhold, New York, 1939, Vol. I.) 

Ociam Number {see this Vol., p. 632c). 

Laboratory Preparation of Octanes. 

The dehydration of an octanol to an octenc 
followed by catalytic hydrogenation is a method 
of wide application. Symmetrical isomers may 
be made by the Wurtz synthesis or by electrolysis 
of potassium salts. The interaction of zinc 
dialkyls and alkyl halides, the reduction of 
halides, etc., have also been employed. Hexa- 
methylethano offers certain experimental diffi- 
culties, but has been prepared in 16% yield from 
ieri.-butyl magnesium chloride and fer^.-butyl 
iodide (Marker and Oakwood, J. Amer. Chem. 
Soc. 1938, 60, 2598). 

Industrial Preparation of Octanes. 

Very large quantities of C4 hydrocarbons (n- 
Imtane, butene- 1, butone-2, a-sobutane and iso- 
butene) are produced in the cracking of 
petroleum and can bo converted to petrol hydro- 
carbons by various processes. 

If the mixture is passed through 65% sul- 
phuric acid, the wobuteno is removed more than 
100 times as fast as butene- 1 or butene-2, and 
heating to 100° causes dimerisation to “ di- 
iaobutene,” a mixture of 2:4:4-trimethylpentene- 
1 and 2:4:4-trimethylpentene-2, which separates 
as an oily layer, and the acid can be used again. 
The “ di-tsobutene ” is then hydrogenated to 
2:2:4-trim(‘thylpentane (“ ?«o-octane ”) (Sparks, 
Rosen, and Frolich, Trans. Faraday Soc. 1939, 
85 , 1040; Whitmore, Ind. Eng. Chera. 1934, 26 , 
94). Various other catalysts may be employed, 
e.gr., copper cadmium phosphate (Birch and 
Dunstan, Trans. Faraday Soc. 1939, 35, 1013), 
copper pyrophosphate (Van Voorhis, Nat. 
Petroleum News, 1940, 82 , 230r), or the dimeri- 
sation and hydrogenation may be carried out 
simultaneously in the presence of phos- 
phoric acid-nickel oxide-iron catalyst (Ipatiev, 
Komarewsky, Ind. Eng. Chem. 1937, 29 , 968). 

Another ^process is the “ alkylation ” of an 
alkane with an alkene, an important appli- 
cation being the production of 2:2;4-trimethyl- 
pentane in high yield from wobutane and iso- 
butene in the presence of 97% sulphuric acid at 
20° (Birch and Buustan, lx, ; Birch, Dunstan, 
Piin, Fidler, and Tait, ibid. 1939, 31, 1079; 
B.P. 479346). 


CH. CHo 

I I 

CHj— CH + CH,:C— CH, -> 

CH3 

CHj CH, 

I I 

C H 3— C— C H C H— C H 3 

CH, 

The alkylation of isobutane with a mixture of 
butene- 1 and bntene-2 at —36° using aluminium 
chloride gives iao-octanes and iaododecanes in a 
5:1 ratio, the iao-octanc fraction being composed 
of 2:2:3- and 2:2:4-trimethyIpentanes, showing 
that some n-butenes have probably been 
isomerised to iaobutene (Pines, Grosse, and 
Ipatiev, J. Amer. Chem. Soc. 1942, 64, 33). 

By a combination of processes of the types 
above almost the whole of the C4 hydrocarbon 
fraction can be converted into high octane petrol, 
except w-butane, which is easily separated and 
either isomerised to i^obutane or dehydro- 
genated to butenes and added to the next charge. 

Since the octane number is a function of mole- 
cular structure, and 7i-octanc, the predominating 
naturally occurring isomer, has the lowest 
octane numl^er of any octane, it is clear that 
isomerisation would lead to a higher grade fuel. 
Sivertzev (J. Gen. Chem. Russ. 1940, 10 , 799) 
has shown that a 22-hour treatment of n-octane 
at room temperature with 10% aluminium 
chloride and 10% PbS04,2HCl gave 24*3% of 
branched octanes. Petrov, Meshchtscherjakov, 
and Andreev (Ber. 1935, 68 [B], 1) foimd that 
w -octane is partially isomerised when heated 
with a catalyst during 3 hours at 410°/70 atm. 
initial pressure, the yield of isomers depending 
on the catalyst employed as follows : aluminium 
chloride gave 23-3%, molybdenum trisulphide 
18%, and zinc chloride 11'7%. Nickel alumina, 
nickel on zinc oxide, and platinum on activated 
charcoal will catalyse the isomerisation of n- 
octane at atmospheric pressure and 300-310°; 
yield 6 4-1 5% isomers (Juriev and Pavlov, 
J. Gen. Chem. Russ. 1937, 7, 97). 

ChemicAil Properties of Octaves. 

1. Cracking. — w-Octane is decomposed (80- 
90%) on heating to 600-670°, the reaction 
going in two directions : 

C3H33 CH3+C,H„ 

and 

and the olefins formed are then largely decom- 
posed (60-70%) into H2, CH4, C2Hg, C3Hg, 
C3HQ, and C4Hg (Dintzes and Frost, ibid. 1934, 
4 , 610). Treatment of w-octane in the glow dis- 
charge at 0*6-10 mm. yields 48*9% Hg, 13*8% 
acetylenes, 16*6% olefins, and 20*8% paraffins 
(Linder and Davis, J. Physical Chem. 1931, 
85 , 3649). The thermal decomposition in the 
presence of various catalysts has been studied, 
e.g., magnesium, to give 68% MggCg at 700° 
(Novak, Z. physikal. Chem. 1911, 73, 613), 
aluminium chloride, etc. 
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2. Dehy&rocydisation . — Heating in the pre- 
sence of metallic oxides (especially of group IV, 
V, and VI metals) converts octanes into alkyl 
benzenes in high yield ; titanium, zinc, or 
molybdenum oxides at 400-505° converts »- 
octane into o-xylene (Moldavski, Kamuscher, 
and Kobilskaja, J. Gen. Chem. Kuss. 1937, 7, 
1836) ; 2:5-dimethylhexane gives 80% p-xylene 
with chromic oxide (Kazansld, Liberman, Plate, 
Serguienko, and Zelinsky, Compt. rend. Acad. 
Sci. U.K.S.S. 1940, 27, 446) ; 3-methylhoptane 
gives 0-, W-, and p-xylenes and only a little 
ethylbenzene. 

3. Nitration. — Vapour-phase nitration of n- 
octane by means of N2O4 at 200° gives a mixture 
of mono- (81%) and di-nitro-octanes (19%) 
(Urbadsld and Sloh, Compt. rend. 1937, 264, 
870). 

4. Oxidation. — A detailed st udy of the oxida- 
tion of n-octane has been made by Pope, 
Dyk^tra, and Edgar (J. .Ainer. Chera. Soc. 1929, 
51, 1875), and the hypothesis advanciod that 
oxidation occurs by stepwise degradation : 

^8^18+02 

C7Hi5*CHO-f HgO (octaidehyde) . . (1) 

C7H15CHO+O2 -> 

CgHia-CHO+HgO+CO (heptaldehyde) . (2) 

followed by repetition of reactions of the type (2) 
to give lower aldehydes. The oxidation of the 
aldehydes proceeds by luminescent chain- 
reactions, which may i)e correlated with the 
tendency to “ knock.” If branched- chain 
hydrocarbons arc oxidised, the degradation of 
the carbon chain is retarded when a branch is 
reached, and this may account for the low 
” knocking ” characteristics of highly branched 
octanes. The chain reactions are also retarded 
by lead tetraethyl, used as an ” antiknock ” 
agent. 

5. Isoyneriaation. — v. supra. 

OOTENES (OCTYLENES). 

Of the 66 possible isomeric octenes (ex- 
cluding geometrical and stereoisomers), 62 are 
listed with physical properties by Eglolf {op. cit.). 

Geometrical isomerism is possible in many 
octenes but usually synthesis leads to a cis-trana 
mixture and only in a very few cases have the 
two isomers been isolated. Young, Jasaitis, 
and Levanas {ibid. 1937, 59, 403) obtained da- 
and i/rans-ocUii\eA by the action of a zinc-coppor 
couple on dl- and me.'?o-4:5-dibromo-octane, and 
Van Risseghom (Bull. Soc. cliim. Belg. 1938, 
47, 194) prepared da- and ^m7W-octene-3 by a 
similar method. 

Two of the most important octenes are 2:2:4- 
trimethylpentone-l (m.p. --93'7^ b.p. 101'5®, 
pf 0-7164, Ji“ 1-4089) and 2:2:4-trimethylpea- 
tone-2 (m.p. -107°, b.p. 104-6°, pf 0-722, ng’ 
1*4159) obtained as a mixture (“ di-isobutene ”) 
by dimerisation of isobutene («?. aupra). Oxida- 
tion of the mixture gives methyl Twopentyl 
ketone CHg'CO'CHg'CMCs in reasonable yield. 

The four normal octenes have boiling-points 
as follows : octene-1, 122*6°; octene-2, 125°; 
octene-3, 122-123° ; and ootene-4, 122°. 


In the presence of an activated silica-alumina 
catalyst at 375-400°, a mixture of octene-1 and 
octene-2 undergoes catalytic isomerisation to 
Mooctenes, followed by catal3rtio cracking to 
gaseous products consisting principally of equal 
amounts of w- and iso-butane. For the prepara- 
tion of branched octenes from normal octenes, 
the use of a silica-alumina-thoria catalyst 
(U.S.P. 2216284) and sodium permutite (U.S.P. 
2217252) has been recommended. 

OC’TVL ALCOHOi.S. 

Over 50 of the 89 possible isomeric octyl 
alcohols have been described and are listed in 
Table II, together with the boiling-point, one 
method of preparation, and the corresponding 
reference. 

The method of widest application for their 
synthesis is the reaction of an alkyl magnesium 
halide with an aldehyde, ketone, ester or olefin 
oxide. Primary octanols can often be con- 
veniently prepared by the reduction of an ethyl 
ester in toluene using sodium and alcohol, and 
secondary ones by reduction of the corresponding 
ketone with sodium and moist ether. 

A comprehensive study of the four straight 
chain octanols (Nos. 1-4) and the eighteen 
isomeric methyl heptanols (Nos. 5-22) has been 
made by Dorough, Glass, Gresham, Malone, and 
Reid (j. Amor. Chera. Soc. 1941, 63, 3100) and 
for carefully purified samples the data recorded 
include the b.p. at 20, 100, 300, and 760 mm., 
latent heat of evaporation, pf\ coeificients 
of expansion, n^f, Mj), m.p., solubility in water, 
surface tension and energy, dielectric constant, 
rate of esterification with acetic acid, toxicity, 
etc. 

For these 22 isomers the values ranged as 
follows: b.p. 153*4°-195°, m.p. -123 to -15°, 
P®' 0-7766-0-8335, 1-4113-1-4276 and the 

solubility in water at 25° from 0*638 to 3*373 
g. per kilo. 

Many of the isomers when synthesised are 
obtained as d^-mixtures and resolution into the 
optically active forms has been achieved with 
alcohols marked ♦ in Table II. The fractional 
crystallisation of the brucine or strychnine salts 
of the half esters with phthalic acid is the usual 
method employed (aee ” Organic Reactions,” 
Wiley, Now York, 1944, Vol. II, 376). 

Space will permit the brief individual mention 
of the two commoner isomers only, i.e., n-octyl 
and «ec-octyl alcohol. 

n-Octyl Alcohol, CHj-ECHJe-CHa-OH, 
occurs as the acetate and butyrate in certain 
plants, especially of genus Heretdeum. It is a 
colourless liquid with an aromatic odour, b.p. 
100*7°/20 mm., 164°/300 mm., and 195°/760 
mm., 0-8394, pf 0-8224, 1-4276, m.p. 

—16°, surface tension 24*68 dynes per sq. cm, 
at 20°, and solubility in water 0*638 g. per kilo 
at 25°. 3:5-DiniProbenzoaie, m .p. 62°, a-naphthyl- 
urethane, m.p. phenyl urethane, m.p. 74°, and 
p-zylenylurethane m.p. 110°. The p-nitrobenzyl 
ester is an oil. 

soc-Octyl Alcohol, 

CH3*[CHj5*CH(OH)*CH3 



Table II. — Isomeric Octanols. 
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(Capryl alcohol), is readily prepared by heating 
castor oil with sodium hydroxide (Organic 
Syntheses, 1941, Coll. Vol. I, 366). Saponifi- 
cation of the oil gives sodium ricinoleate, which 
is then decomposed according to the equation : 

CH8 [CHjVCH(OH) CH2 CH:CH 

[CHa] 7 COONa-f NaOH f H^O 
CH8[CHJ5CH(0H)CH3 

+ NaOOC[CH2]8COONa+ Hj. 

The ^/-product obtained can be resolved if 
desired {ibid., p. 418). 

The dZ-alcohol has b.p. 87*6720 mm., 120*6/100 
mm., 149*37300 mm., and 180*07760 mm., 
pf 0-8170, p" 0-8363, n“ 1-4238, m.p. -31-6°, 
surface tension 22*97 dynes per sq. cm. at 207 
solubility in water 0*955 g. per kilo, at 25°. 
3:5~ Dinifrobenzoaie, m.p. 32°, a~ naphthyl urethane, 
m.p. 637 p-nitrobenzoate 28°. The phenyl- 
urethane is an oil. 

Other Octyl Compounds. 

Halides: n-Octyl fluoride, b.p. 142*5°; 
chloride, h.p. 134,° ; 6romi<ie, b.p. 201*5° ; iodide, 
b.p. 225*6°. sec-Octyl fluoride, b.p. 139*30°; 
chloride, b.p. 75°/28 mm. ; bromide, b.p. 72°/14 
mm. ; iodide, b.p. 190°. 

Esters : n-Octyl Jonnate, b.p. 198*1°; acetate, 
b.p. 210°; projnoruLte, b.p. 266*4°; butyrate, 
b.p. 244°. mc-Octyl formate, b.p. 184° ; acetate, 
b.p. 194*5°; propionate, b.p. 211°; butyrate, 
b.p. 220°. 

Ethers : n-Octyl methyl, b.p. 76°/20 mm.; 
n-octyl ethyl, b.p. 189*2°. aec-Octyl methyl, b.p. 
76*7°/44 mm. ; aec-octyl ethyl, b.p. 63-66°/14 mm. 

Ketones : Methyl n-octyl, m.p. 14°, b.p. 209°; 
ethyl n-octyl, b.p. 227° ; di-n-octyl, b.p. 277°. 

Amines: i\-Octylamine, b.p. 176-177°. sec- 
Octylamine, b.p. 172-175°. 

Aldehyde: n-Octaldehyde (octanal, capryl- 
aldehyde) b.p. 81°/32 mm. (semicarbazone, m.p. 
101°, 2:4-dinitrophenylhydrazone, m.p. 106°). 

B. A. K. 

CENANTHALDEHYDE, heptaldehyde, 
“ oenanthol ” ; enanthaldehyde, enanihole (U.S.A.), 
CH4CH2VCHO. A colourless highly refrac- 
tive liquid with a penetrating aromatic odour. 
B.p. 162*2-153*2°/760 mm., 69*6°/30 mm., m.p. 
-45°, pf 0-82162, pf 0-8496, 1-42671. 

Miscible in all proportions with alcohol and ether, 
slightly soluble in water, which dissolves 0*027 
mol. per 1. at 0°, 0*021 mol. per 1. at 20°, and 
0*016 mol. per 1. at 40°. 

(Enanthaldehyde is formed by the thermal 
decomposition of the sodium salt or esters of 
ricinoleic acid, being accompanied in the latter 
case by imdecylenic acid or its esters. Thus 
methyl ricinoleate can be spfit almost quantita- 
tively by dropping on to heated pumice which 
has been impregnated with borax, the reaction 
being carried out at 145 mm. (Panjutin, J. Phys. 
Chem. Kuss. 1928, 60, 1). (Enanthaldehyde 
(93% yield) and methyl undecylenate (87%) are 
obtained : 

CH8*[CH8]5*CH(0H)*CH3*CH:CH*(CHj)/C08Me 
methyl ricinoleate. 

CH,*[CH,35*CH0 -H.CH,:CH*(CH2]g*COaMe. 
oenanthaldehyde. methyl undecylenate. 


The usual method of preparation of oenanth- 
aldehyde is by the pyrolysis of crude castor oil, 
which consists mainly of the glycerides of 
ricinoleic acid. A comprehensive study of this 
decomposition has been made by Barbot (Ann. 
Ohim. 1939, [xi], 11, 519), and for maximum 
yield of aldehyde it is recommended that small 
batches of crude castor oil be distilled in as short 
a time as possible under reduced pressure and at 
a high temperature. A batch of 600 g. which 
was distilled in 16 minutes at over 600° and 
under a pressure of 12-35 mm. gave 280 g. of 
distillate, which on fractionation yielded 115 g. 
oenanthaldehyde (23%) and 66 g. undecylenic 
acid. In order to control frothing and the 
voluminous residue of polymerised products 
which may cause trouble during the pyrolysis, 
the addition of resin or “ antipolymoriHers ” has 
been recommended. This method of prepara- 
tion from castor oil has made oenanthaldehyde 
one of the most readily available of the higher 
aliphatic aldehydes, and it is therefore used as a 
starting material for the preparation of numerous 
heptyl derivatives. 

Enanthaldehyde may be purified, if desired, 
through the crystalline sodium bisulphite com- 
pound in the normal manner. Crystalline 
derivatives for characterisation include the 
semicarbazone, m.p. 109°, p-nitrophenylhydrazone, 
m.p. 73°, and the oxime, m.p. 67-68°. The 
phenylhydrazone is a liquid, b.p. 202*5-203°/! 9 
mm. 

Catalytic hydrogenation yields various pro- 
ducts, largely dependent upon the catalyst em- 
ployed ; with platinum black containing iron, 
n-heptyl alcohol only is obtained, but with pure 
platinum black some n-heptane is also obtained 
(Faillebin, ibid. 1925, [x], 4, 466) ; nickel as 
catalyst yields n-heptyl alcohol and a higher 
alcohol, C7 Hi 5*CH (C5 Hji)*CH 2*OH {see Braun 
and Manz, Ber. 1934, 67 [B], 1696); mixed 
oxides of nickel, copper, and cobalt give n- 
heptyl alcohol and diheptyl ether (Riedel, G.B. 
444666) ; vapour-phase hydrogenation at atmo- 
spheric pressure with a nickel catalyst leads to a 
degradation, n-hexane being the chief product 
(Suen and Fan, J. Amer. Chem. Soc. 1942, 64, 
1460). In the presence of ammonia, hydrogena- 
tion with nickel at atmospheric pressure yields 
n-heptylamine and with colloidal platinum, di-n- 
heptylamine is produced (Skita and Keil, Ber. 
1928, 61 [B], 1456). 

Reduction of oenanthaldehyde with iron and 
acetic acid gives w-heptyl alcohol in 80% yield 
(Organic Syntheses, 1941, 'Coll. Vol. I, 304). 
The alcohol has also been obtained by using zinc 
and acetic acid, sodium amalgam and acetic acid, 
and by electrolytic reduction. If added to 
fermenting sugar solution, the aldehyde is 
reduced biochemically to the alcohol. 

Oxidation of oenanthaldehyde to n-heptoic acid 
(CEnanthic acid) occurs readily with acidic per- 
manganate {ibid. 1943, Coll. Vol. II, p. 315). 

Treatment of oenanthaldehyde with hydroxyl- 
amine hydrochloride and sodium carbonate gives 
(Bnanthaldoxime {ibid., p. 313), which can readily 
be converted into n-heptylamine by reduction 
with sodium and alcohol {ibid., p. 318). Treat- 
ment of the oxime with aluminium oxide at 
340-360° yields n-heptonitriU, 
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Witli phosphorus pentachloride, cenanth- 
aldehyde gives chiefly l:l-dichloroheptanef 
CHjCCHaVCHClg, which may be converted 
into heptyne-l, CH8-[CH2]4*C;CH by means of 
Bodamide (Bourguel, Compt. rend. 1923, 177, 
823), so that this is one of the most readily 
obtainable of the higher acetylenes. Treatment 
of the sodium salt of hoptyne-1 with carbon 
dioxide leads to the acetylenic acid 

CH 8 [CHa] 4 C:CC 06 H, 

the methyl ester of which is an artificial violet 
perfume, usually described as “ methyl heptinc 
carbonate.” 

B. A. K. 

CENIDIN is the anthocyanidin obtained 
by the acid hydrolysis of oenin. It is identical 
with malvidin. 

W. B. 

CE N I N . The colouring matter of the skins 
of dark blue wine grapes ( Vitis vinifera L.) was 
first obtained in a pure condition by Willstatter 
and Zollinger (Annalen, 1915, 408 , 83). The 
fresh skins of North Italian grapes were ex- 
tracted by means of glacial acetic acid, and the 
crude colouring matter was precipitated from 
the deep red solution by adding ether. It was 
converted into the picrate, which crystallised 
readily, and again into the chloride. Crystallisa- 
tion by allowing a solution in a mixture of methyl 
and ethyl alcohols containing hydrogen chloride 
to evaporated slowly gave the chloride, | 
C23H25O12CI, in the form of dark red or 
brownish-red, thick prisms with a beetle green 
lustre, containing from 4 to 6 HgO. Robinson, 
Ixjvy, and Posternak (J.C.S. 1931, 2701) have 
defined the best conditions for the crystallisation 
of oenin chloride. The crude chloride is dissolved 
in very dilute methyl-alcoholic hydrogen 
chloride, the concentration of the acid is in- 
creased, and almost at once the chloride is 
precipitated by adding ether. It is dissolved 
in 1% methyl-alcoholic hydrogen chloride, the 
solution is filtered, and the acid content of the 
filtrate increased to 4-5%. The chloride, which 
crystallises with a marked yellow sheen, is quite 
free from accompanying anthocyanidin and, 
when dried in air, consists of a trihydrate. 

The chloride is easily soluble in cold water. A 
hot dilute solution is initially brownish-red, but 
the colour changes to violet and then fades 
because of the successive formation of colour- 
base and pseudo-base. In the presence of acid, 
even 0*2% tartaric acid, aqueous cenin solutions 
are stable. It is more readily soluble in dilute 
hydrochloric acid than is dolphinin {v. Vol. Ill, 
666c) ; it dissolves very easily in 2%, and is still 
appreciably soluble in 6% acid, though in 10% 
it is only sparingly soluble, and in 20% almost 
insoluble. Sodium carbonate added to an 
acidified aqueous solution gives a blue- violet to 
violet-blue colour, which is stable on dilution 
and unchanged on the further addition of 
sodium hydroxide. Lead acetate gives a dark 
blue and copper sulphate a violet precipitate. 
When ferric chloride is added to an aqueous 
solution the colour deepens btrt there is no other 
change. Tannin causes an aqueous solution to 
become bluer and more intense. In alcohol, 


cenin dissolves with a red-violet colour which is 
tinged violet. 

(Enin is strongly Isevorotatory 

(rM]e27= -2,867, [M], = -2,227). 

In dilute acids it shows a broad absorption band, 
which does not extend so far into the blue as 
does that of cyanin. In its distribution between 
aqueous acid and i^oamyl alcohol cenin resembles 
idaein {v. Vol. VI, 411a). 

Boiling for a few minutes with concentrated 
hydrochloric acid hydrolyses oenin to equi- 
molccular proportions of glucose and “oenidin ” 
(identical with malvidin, v. Vol. VII, 482a), 
which is a dimethyl ether of delphinidin. (Enin 
has been synthesised by Robinson el al. (l.c.) who 
condensed 2-O-benzoylphloroglucinaldehydc (I) 
with ti>-0-tetra-acetyl-j8-gluco8idoxy-4-acetoxy- 
3:5-dimcthoxyacetophenone (II) by means of 
hydrogen chloride in dry ethyl acetate. An 
acylated flavylium salt was obtained which gave 
oenin (III) after treatment first with sodium 
hydroxide and then with hydrochloric acid. 
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In certain varieties of hothouse grapes oenin 
is accompanied by about 10% of malvidin, 
whilst in red wine as much as one quarter of the 
colouring matter may consist of the free antho- 
cyanidin. 

“ Cyclamin ” isolated from the flowers of 
Cyclamen persicum Mill, is identical with oenin 
(Bell and Robinson, J.C.S. 1934, 186 , 813), 
which is also the main constituent of the pig- 
ment obtained from the red flowers of Primula 
polyanthus (Scott-Moncrieff, Biochem. J. 1930, 
24 ; 767 ). 

“ Ampelopsin *’ (v. Vol. I, 3575 ; III, 664c), 
too, the colouring matter of the berries of the 
wild vine [Ampelopsis quinquefoUa Michx.) 
probably consists largely of oenin. 

W. B. 

CESTRIOL {v. Vol. VI, 269a). 

“ OILDAG ” (V. Vol. I, I19d ; II, 3106 ; III,' 
288a). 
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OILS, DRYING {v, Vol. IV, 81c). 

OILS, ESSENTIAL. Essential oils may 
bo broadly defined as mixtures of volatile 
organic compounds, non-miscible with water, 
to which the odours of vegetable substances are 
due. They consist mainly of terx)enes and their 
oxygenated derivatives but occasionally contain 
compounds of nitrogen and sulphur ; other 
elements are not known to be present. The 
essential oils may occur as such in plants or, 
less frequently, may result from the degradation 
of glycerides by enzyme action. The chief 
constituents are : 

Hydrocarbons. — Ocimene, inyrcene, oymene, 
pinene, sylvestrene, limonene (dipentene), cam- 
phene, phellandrene, fenchene, gcraniolene, 
eudesmol, caryophyllcne, santalenes. 

Alcohols. — Geraniol, nerol, citronellol, ter- 
pineols, bomcol, linalool, menthol, santalol, iso- 
pulegol, porillyl alcohol, fonchyl alcohol, cedrol, 
farnesol, phenylethyl, benzyl, cinnamyl, and 
methyl alcohols. 

Phenols. — Thymol, carvHcrol, eugenol, vanillin. 

Ethers. — Anethole, methyl chavicole, safrole, 
cucalyf)tole, ascaridole. 

Aldehydes. — Citral, citronellal, anisaldehyde, 
benzaldehyde, cinnamaldehyde. 

Ketones. — Camphor, irone, carvonc, menthone, 
pulcgone, fenchone, piperitone, acetophenone. 

Esters of acetic, butyric, tighc, salicyhc, 
benzoic acids. 

Methods of Extraction. 

There are, in general, four methods of ex- 
traction : 

1 . Distillation with steam or water. 

2. Expression. 

5. Extraction by means of volatile solvents. 

4. Absorption in purified fats (Enflourage). 

By far the greater number of essential oils 
are isolated by distillation at atmospheric 
pressure with steam or water. The methods are 
comprehensively treated by T. H. Durrans (Perf. 
& Essent. Oil Rec., June 8, 1920) in C. Riechen- 
l)erg, “ Einfache und fraktionerte Destillation 
in Theorie und Praxis,” 1923, by A. L. Bloom- 
field (Perf. & Essent. Oil Rec., March 24, 1936 
et seq.) and in S. Young, Distillation Principles 
and Processes,** Macmiilian, 1922. This method 
which dates back to remote antiquity is applied 
throughout the world to a wide variety of 
vegetable materials. It consists essentially in 
treating the plants in a suitable state of division 
to the action of steam generated either in a 
separate boiler or in the still itself by direct 
heat in the presence of water. Frequently, 
distillation is carried out without any pre- 
treatment of the vegetable material, as in the 
case of easily permeable materials such as 
leaves, twigs, petals, flowers, buds, herbs, and 
grasses, but occasionally it has to bo reduced 
to a suitable state of subdivision in order to 
render it permeable and thus permit the distil- 
lation to completed within a reasonable time. 
The speed of distillation may be increased by 
working the still under pressure and by the use 
of superheated steam, but these devices are only 
employed when the higher temperatures thus 
obtained do not cause undesirable decomposition. 
Experience has shown that a preliminary partial 


drying of the materials sometimes aids subse- 
quent distillation and better products are in 
consequence obtained, but there is considerable 
risk of loss of essential oil by evaporation and 
by aerial oxidation. In some instances, such 
as Patchouli, fermentation is permitted before 
distillation in order to rupture the oil cells, 
while in the case of kernels such as bitter 
almonds, apricots, and peaches, enzymic fermen- 
tation is first necessary in order to liberate the 
benzaldehyde from the glueoside amygdalin. 

The proportion of oil which passes over with 
the steam depends on throe factors— the vapour 
pressure and the molecular weights of its con- 
stituents and the rate at which the oil is liberated 
from the charge. The following table indicates 
the QTcrage oil percentages in such distillates, 
but the results are largely dejicndeut on the last 
factor. 


Material, 

% Oil. 

A jo wan seeds 

0-77 

Angelica 8e(3d8 

0-2 

.\niseed8 

0-8-1 -2 

liay leaves 

0-76 

(*edarwood 

1-1-4 

Oiibebs 

1-2 

(.finger root 

O-Ji 

(’oriander seeds 

0-56 

Caraway seeds 

2-2-3 

Cloves 

0-6-0-0 

Patchouli leaves 

01 2 

Peppermint 

0-1 

Pimento 

0-18 

West Indian Sandalwood 

0-2-0-34 

Celery seeds 

017 

V>tivert root 

0-02 

Cinnamon bark 

0-32 


(Rechenberg, op. 


cit. 


When reading the above table it must be 
borne in mind that during the initial stages of 
the distillation, when the distillate consists 
largely of the constituents of lower boiling-point, 
the percentage may be very much higher while 
the reverse may be the case towards the end 
of the distillation ; indeed, the percentage may 
then bo unprofitably low. 

1 distillation is not a suitable process for the 
isolation of certain essential oils which undergo 
some destruction on exposure to heat and water, 
and in such cases one of the three other methods 
mentioned above are used. Citrus oils, lemon, 
orange, bergamot, and grapefruit are prepared 
mainly by expression, the Sicilian Scorzetta and 
Spunga (Sponge) method in particular being 
used for the preparation of oil of lemon. This 
method is described by A. H. Bennett (Chem. 
and Ind. 1943, 320) as follows : 

“ The fruit is cut in half and the pulp separated 
from the peel by means of a special form of 
spoon with a sharp edge. This is inserted at the 
junction of the white pith (albedo) with the 
juice-containing pulp, and by a quick turn of the 
wrist this pulp is extracted whole, without any 
liberation of juice, leaving the peel practically 
free from adhering pulp. The peel is dipped in 
water and allowed to stand for some hours and 
then passes to the workman who extracts the oil. 
This is done by pressing the peel between 
sponges. The bending of the peel breaks the 
oil cells and the oil, together with some water, 
spurts out and the mixture is collected in an 
earthenware bowl from which the oil is decanted 
at the end of the operation. Absorption by the 



OILS, ESSENTIAL. 


sponge breaks any emulsion that may have 
been formed by the colloidal substances present 
in the water and the decanted oil is almost 
clear.” 

In California the whole fruit is crushed, the 
juice containing about 1% of oil is screened to 
remove coarse particles and the oil separated by 
a centrifuge of the high-speed clarifier type. 
Complete separation of the oil is not eifectod 
by this method, about one-half remaining in the 
juice from which an oil of inferior quality may 
be isolated by distillation. 

In another method tlit‘ whole fruit is rasped 
by a revolving surface having sharp points 
which scrape the fruit while being sprayed with 
water containing 2% of sodium bicarbonate 
(U.S.P. 1814888, 1931). The oil is then centri- 
fuged out and the clear oil thus obtained is 
almost equal in quality to the hand-pressed oil. 
Recently, the “ sfumatrice ” machine has been 
employed. In this macliine the depulped peel 
is subjected to a bending procx3S8 mechanically 
while being sprayed with water, the object 
being to disrupt the oil cells and liberate the oil 
without other material which causes emulsifi- 
cation. Orange oil is mainly obtained by the 
sponge method in Sicily and by the rasping 
method in California and Rhodesia. 

Bergamot oil is separated mechanically by 
rasping the whole fruit between two cup- 
shapocl surfaces, the upper one of which is 
ribbed and rotates while the lower is stationary 
and provided with a grating surface. The 
resulting mixture is pressed in sacks to remove 
the solid raspings and the oil and water are 
subsequently separated from one another. 

Extraction by volatile solvents is resorted to, 
mainly in the Grasse district of South France, 
for the extraction of flower perfumes such as 
Hyacinth, Tuberose, Jasmine, Narcissus, as the 
delicate odour of these oils is spoilt by steam 
distillation methods. A petroleum fraction of 
very low boiling range is the usual solvent as it 
has the advantage that it does not extract water 
or too large a proportion of non-volatile sub- 
stances such as chlorophyl, stearoptene, resins, 
and W'axes ; such extracts are termed “ Con- 
cretes,” and are usually of a thin cheese-like 
consistency. Re-extraction of the Concrete 
with cold alcohol yields, after evaporating the 
alcohol, the so-called ” absolute ” flower per- 
fume and consists mainly of the essential oil. 

The enflourage process consists in exposing 
flower blossoms for several days on sheets of 
purified lard oast on glass ; the lard absorbs the 
volatile essential oil, which is then extracted 
wdth cold alcohol as above. 

ANALYSIS. 

The characteristics quoted in this monograph 
for the various essential oils are those usually 
found, and it does not follow that oils which do 
not conform with these figures are adulterated. 
Quite large variations in the composition of oils 
may be the result of climatic conditions, environ- 
ment, soil composition, history of the crop, time 
of cropping, age, method of distillation, and so 
on, while not infrequently variations are caused 
by the admixtxure or confusion of two species 
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of the plants such as often occurs with the 
lavenders, pine needles, and eucalypts. 

Information of great value can generally be 
obtained by carefully smelling the oil as it 
evaporates from a clean filter paper. By this 
means an expert can often form a valid con- 
clusion on the quality and purity of an oil, 
w^hereas reliance on analytical figures alone may 
be quite misleading. 

Although blending is frequently done, adulter- 
ation is not widely practi'^od now, but was 
common, and even condoned, a decade or so 
ago ; thus the adulteration of Ceylon citronella 
oil with paraffin and of cassia oil with ro.sin were 
recognised trade practices. Other forms of 
adulteration which have been frccpimtly 
recorded are lemon oil with citral and torpeno 
from the preparation of terponck'ss oil : otto 
of rose with citronellol and waxes ; bitter 
almond oil with synthetic bcnzaldehydo ; 
cinnamon oil with synthetic cinn am aldehyde ; 
wintergreen oil with synthetic methyl salicylate ; 
American peppermint oil with rectified Japanese 
oil; lavender and bergamot oils with linalyl 
and terpinyl acetates and synthetic esters such 
as tricthyl citrate ; and al wood oil with cedar 
wood oil ; and neroli oil witli [jctitgrain oil. 

Methods for determining the characd eristics of 
essential oils have been recommended by the 
“ Standing Committee on the Uniformity of 
Analytical Methods ” first published in “ The 
Analyst ” (1927 et seg.). {See also F. W. Atack 
and E. Hope, ” The Chemists’ Year Book,” 
193(1, Sherrat and Hughes, Manchester.) The 
conditions recommended for the determination 
of the ])hysical characteristic's are as follows : 

Specific Gravity (p ). — Temperature (unless 
I other\^d8e stated) 15-5”c. compared with water 
at 15-.5®o. (The coefficient of expansion of 
essential oils is of the order of 0 001 per ®c.) 

Optical Rotation (a) is expressed in terms of 
angular rotation of sodium light passing through 
100 mm. of oil at 20°c. 

Refractive Index (rip) is usually determined 
in an Abb6 type refractometer at a temperature 
of 20°c. (unless otherwise stated) for the I> 
sodium line. (The refractive index diminishes 
by about 0-00045 per Fc. rise in teraj)erature.) 

Solubility in Alcohol. — 1 c.c. of the oil is 
shaken in a 100 c.c. stoppered graduated glass 
cylinder with alcohol at 15"c. of definite strength, 
1 c.c. of alcohol being added repeatedly until a 
clear solution is first obtained. The test is not 
always definite as permanent opalescence some- 
times obscures the end-point. 

Melting- and Freezing-Points (M.p. and F.p.), 
— The apparatus recommended consists of a 
stout-wall^ glass test-tube, 125 x 15 mm. (inside 
measurements), fitted into a wide-mouthed jar 
or bottle of about 500 c.c. capacity, by means of 
a bored cork and an inner test-tube, 1 00 x 21 mm., 
fitted into the larger tube also by means of a 
bored cork. The thermometer used should bo 
readable to one-fifth of a degree, and should 
have a diameter about 6 or 6 mm., and the 
length of the bulb should be between 15 and 
20 mm. 

Freezing -Paints : Method of Procedure. — In 
order to obtain a preliminary indication, a few 
c.c. of the oil are cooled in a small test tube and 
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stirred with the thermomeU^r until solidification 
takes place ; the temperature is noted, and the 
tube of solidified oil set aside in a cool place. 
The outer container of the apparatus is then 
filled with water (or brine) at a temperature 
about five degrees lower than that indicated 
above and the larger outer tube fitted in its 
place. Into the inner tube 100 c.c. of the oil 
are placed, the thermometer inserted, and the 
tube and oil cooled to the temperature indicated 
in the preliminary test. The tube and contents 
are now inserted in the apparatus, and the 
temperature allowed to fall a further one or 
two degrees. The oil is then seeded with a trace 
of the previously solidified oil and stirred with 
the thermometer until solidification takes place. 
The highest temperature reached is taken as the 
freezing-point. 

Melting -Points, — After the determination of 
the freezing-point the inner and outer tubes are 
removed together from the water-jacket and the 
temperature allowed to rise slowly, the oil being 
stirred continuously with the thermometer until 
the liquid becomes “ clear.” 

Estimation of Constituents. 

The following methods are those recommended 
for the estimation of various compounds in 
essential oils, as the methods are not in general 
specific it is usual to return the rcwsults in terms 
of the preponderating member of the class. 

Esters, 

The following reagents are required : 

Alcohol (90% by volume). 

.Alcoholic potassium hydroxide : approxi- 
mately N./IO prepared by diluting alcoholic 
potassium hydroxide, approximately n./2, with 
90% (by volume) alcohol and standardising by 
titration with N./IO acid using phenolphthalcin 
as indicator. 

Alcoholic potassium hydroxide : approxi- 
mately N./2 prepared by dissolving 33 g. of 
potassium hydroxide of reagent purity in 1 1 . 1 
of 96% (by volume) alcohol, allowing to stand, I 
and decanting or filtering the clear liquid. | 

Sulphuric acid or hydrochloric acid : n./2. ! 

Phenolphthalein : 0-2% solution in 60% 

alcohol. 

Method of Determination., — ^Two grams of the 
oil, or other suitable quantity so that the amount 
of alkali added is at least double that required 
for saponification, are weighed into the saponifi- 
cation flask ; 5 c.c. of freshly well- boiled and 
neutralised alcohol are added, and the free acid 
is titrated with N./IO alcoholic potassium 
hydroxide solution, using 0*2 c.c. of phenol- 
phthalein solution as indicator. The result of 
the titration is calculated to acid value (mg. of 
KOH required for the neutralisation of 1 g. of 
the oil). To the neutralised solution in the 
flask are then added 20 c.c. of n./2 alcoholic 
potassium hydroxide solution, and the whole is 
boiled under a reflux condenser for 1 hour, at 
the end of which time the excess of alkali is 
titrated immediately with n./2 acid, using an 
ad^tional 0-6 c.c. of phenolphthalein solution 
as indicator. At the same time a blank determi- 
nation is carried out by boiling for 1 hour under 
a reflux condenser 5 c.c. of alcohol, 20 c.c. of 


N./2 alcohoUc potassium hydroxide, and 0-2 ml. 
of phenolphthalein solution, then titrating 
immediately with n./2 acid after the addition 
of a further 0-5 c.c. of phenolphthalein solution. 

The difference between the two titrations is 
calculated to the percentage of esters in the 
usual manner, using the appropriate factor. 
Those for the most commonly occurring esters 
are as follows : 

Bornyl acetate . 0 0981 Santalyl acetate . 01311 
(leraiiyl acetate .0-098] Methyl salicylate. 0 0760 
Linalyl acetate .0 0981 Oeranyl tiglate .01181 
Menthyl acetate . 0-0991 

Alcohols. (Acctylatable Constituents.) 

Alcohols such as geraniol, citronellol, menthol, 
and linalool are estimated by acetylating the oil 
and then determining the ester content. The 
method of acetylation is as follows : 

10 c.c. of the oil, 20 c.c. of acetic anhydride 
(95-100%), and 2 g. of freshly fused anhydrous 
sodium acetate, are mixed in a long-necked 
roujid -bottomed 200 c.c. Kjeldahl flask ; a 
fragment of broken glass is added, and the 
contents boiled gently under an air reflux con- 
denser for 2 hours. 

The flask should be supported on a sheet of 
asbestos board, in which has been cut a hole 
about 1^ in. in diameter, and should be heated 
by a small naked flame, placed about 1 in. below, 
and not impinging on the bottom of the flask. 

At the expiration of 2 hours, the flame is 
removed and the flask allowed to cool : 50 c.c. 
of water are added, and the flask and contents 
heated on a boiling water bath for 15 minutes, 
with frequent and thorough shaking. After 
cooling, the contents of the flask are transferred 
to a separating funnel and the lower aqueous 
layer rejected. The acetylated oil is then washed 
successively with : (1) 50 c.c. of brine (saturated 
aqueous solution of sodium chloride) ; (2) 50 c.c. 
of brine containing 1 g. of sodium carbonate in 
solution ; (3) 60 c.c. of brine ; (4) 20 c.c. of 
water. Mixtures 1, 2, and 3 should bo shaken 
vigorously, but the final washing with water 
must be conducted with gentle shaking only. 

The oil is separated and mixed with about 
3 g. of powdered anhydrous sodium sulphate, 
stirred for 15 minutes or until one drop produces 
no cloudiness when added to 10 drops of carbon 
disulphide in a dry test tube. The oil is then 
filtered through a dry filter paper in a covered 
funnel and the esters determined as above. 

Certain oils, such as citronella, contain the 
aldehyde citroneUal, which, under the action 
of acetic anhydride, isomerises to the ring 
alcohol i>opulegol, the alcohol value being raised 
correspondingly. In such cases it is usual to 
return the result as “ total acetylatable consti- 
tuents,” calculated as geraniol. 

To differentiate between the geraniol and the 
citroneUal of Java citroneUa oils, the aldehyde 
is converted into the unsaponifiable nitrile, and 
the alcohols re-estimated. The procedure is as 
foUowB : 

10 g. of hydroxylamine hydrochloride is dis- 
solved in 26 c.c. of water, and a solution of 10 g. 
potassium carbonate in 26 c.c. of water added ; 
the mixture is filtered and shaken thoroughly 
with about 10 g. of the oil for 2 hours at 16-18°. 
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The oil is separated, dried over neutral an- 
hydrous sodium sulphate, filtered, and treated 
as described for alcohol estimations. 

The difference between the value thus found 
for the geraniol itself and the value for the 
total acetylatable constituents calculated as 
geraniol, represents the citronellal content. 

The alcohol citronellol may be approximately 
estimated in the presence of geraniol, e.g.y in otto 
of rose, by treatment with 100% formic acid. 
The geraniol is dehydrated to a terpene, but the 
citronellol is formylated. The process is as 
follows : 

A mixture of 10 c.c. of the oil with 10 c.c. of 
100% formic acid (p 1*22) is gently refluxed 
for 1 hour, then cooled, shaken with 100 c.c. of 
water, the oil separated, and submitted to the 
process for the determination of esters. 

Aldehydes. 

In oils of Cassia, Cinnamon bark, Lemongruss, 
Bitter Almond, and Cumin. The following sohi- 
tions are required : 

Indicator Solution : A solution of })uro 

Methyl Orange in alcohol (60% v/v). 

N./2 Alcoholic l^otassium hydroxide : ]*repared 
with alcohol (60% v/v) and standardised against 
N./2 hydrocliiori(' acid, using Methyl Orange as 
indi(^ator, and running the alkali into the acid 
until the full yellow colour is obtained. 

ii./2 Hydroxylamine Hydrocliloride : Dis- 
solve 3-475 g. of pure hydroxylamine hydro- 
chloride in 95 c.c, of alcohol (60% v/v), add 0-5 
(!.c. of the indicator solution, adjust to the full 
yellow colour of the indicator with the n ./2 
alcoholic potassium hydroxide, and make up to 
100 c.c. W'ith alcohol (60% v/v). 

The alcohol used throughout must be free 
from aldehydes and kotonesr 

The full yellow colour of the indicator may be 
defined as that colour which is not changed by 
the further addition of alkali. The c;orrect 
adjustment of the reagent should be confirmed 
in the following manner ; 

Place 10 c.c. in each of tw^o tubes, and to one 
tube add 1 drop of n ./2 alcoholic potassium 
hydroxide ; no change in colour should be 
obs(wved. To the other tube add 1 drop of 
n ./2 hydrochloric acid ; a slight change? in 
colour towards orange should be produced. 

Method of Deter mhiation . — Weigh out exactly, 
into a glass -stoppered tube — approximately 
150 mm. long by 25 mm. in diameter — a suitable 
quantity of the oil, and 5 c.c. of benzene and 
15 c.c. of N./2 hydroxylamine hydrochloride 
reagent. Shake vigorously and titrate with 
the N./2 alcoholic potassium hydroxide until the 
red colour changes to yellow. Continue the 
shaking and titrating until the full yellow colour 
of the indicator is permanent in the lower layer 
after sliaking vigorously for 2 minutes and then 
allowing to stand for the liquids to separate. 
The reaction is slow towards the end, but 
should be complete in about 15 minutes. 

The result should be confirmed by a second 
determination and the first titration liquid 
plus a slight excess of alcoholic potassium 
hydroxide (0*5 c.c.) should be used as a colour 
standard for the end-point of the second 
titration. 


The number of c.c. of N./2 alcoholic potassium 
hydroxide used multiplied by the correcting 
factor 1 008, by the factor for the appropriate 
aldehyde, and by 100, and divided by the 
weight of oil taken will give the percentage (by 
weight) of aldehydes, calculated as that alde- 
hyde, present in the oil. 

The following factors should bo used for the 
aldehydes : 


Bonzaldeliyde .... 0 0.‘33 
(Unnamaldchyde .... O OOtt 

Citrul . 0 076 

Cinnlnaldehyde ' .... 0 074 
Dtrylaldehyde .... 0'078 


Citronellal. — In oils of CitroneUa and 
Eitcalyptus ciiriodoria. 

A procedure diflering in important details 
from that given above is necessary for the 
estimation of citronellal. The following .solu- 
tions are required : 

Indicator Solution. — A 0-2% solution of 
Dimethyl Yellow (p-dimethylaminoazobenzcne) 
in 90% alcohol. 

N./2 Alcoholic Potassium Hydroxide. — Pre- 
pared with 90% (by volume) alcohol and 
standardised against n ./2 hydrochloric acid, 
using Dimethyl Yellow as indicator and running 
the alkali into the acid until the full yellow 
colour is obtained. 

N./I Hydroxylamine Hydrochloride Reagent. 
— Dissolve 6-95 g. of pure hydroxylamine hydro- 
chloride in 95 c.c. of 90% (by volume) alcohol, 
add 0*4 c.c. of Dimethyl Yellow solution, adjust 
to the full yellow colour of the indicator with 
n ./2 alcoholic potassium hydroxide, and make 
up to 100 c.c. with 90% (by volume) alcohol. 

The alcohol used must be free from aldehydes 
and ketones. The correct adjustment of the 
reagent should be confirmed in the manner 
already described above. 

Method of Deterviination. — Into a stoppered 
tube approximately 150 mm. long by 25 mm. 
diameter, weigh accurately such a quantity of 
the oil as contains about 0-8 g. of citronellal 
and cool to a temperature of 0" (or lower). Add 
about 10 c.c. of the N./l hydroxylamine hydio- 
cliloride reagent previously cooled to O'^, and 
titrate the liberated acid immediately with n ./2 
alcoholic potassium hydroxide, adding the alkali 
very cautiously and taking great care to avoid 
going beyond the orange colour of the indicator. 
Continue the titration as long as the red colour 
develops, then allow the mixture to stand at 
laboratory temperature for 1 hour and complete 
the titration to the full yellow colour of the 
indicator. 

The number of c.c. of N./2 alcoholic potassium 
hydroxide required, multiplied by the correcting 
factor I -008, by the factor 0-077 for citronellal, 
and by 100, and divided by the weight of oil 
taken, will give the percentage (by weight), of 
the aldehydes, calculated as citronellal. 

Citral. — ^In Lemon Oil and H.P. Lime Oil. 
The solutions required are those specified above 
under “ Aldehydes.” 

Method of Determination. — Weigh out exactly 
into a stoppered tube (approximately 150 mm. 
long by 25 mm. diameter) about 10 g. of the 
lemon oil, add 7 c.c. of n./ 2 hydroxylamine 
hydrochloride and 1 drop of the indicator : shake 
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and titrate with the N./2 alcoholic potassium 
hydroxide until the red colour changes to yellow. 
Continue the shaking and titrating until the full 
yellow colour of tlie indicator is permanent in 
the lower layer after shaldng vigorously for 2 
minutes, and then allowing to stand to separate. 
The reaction is slow towards the end, but 
should be complete in about 15 minutes. 

The completed titration liquid, plus a slight 
excess of alcoholic potassium hydroxide (1 or 
2 drops), may be used as colour standard for the 
end-point of a subsequent determination. 

The number of c.c. of n./2 alcoholic potassium 
hydroxide required, multiplied by the correcting 
factor 1-008, by the factor 0-076 for citral, and 
by 100, and divided by the weight of the oil 
taken, will give the jx?rccntage of aldehydes, 
calculated as citral. 

"J'hc volume of the N ./2 hydroxylamine hydro- 
chloride used should be varied according to the 
citral content of the oil, the excess of hydroxyl- 
amine hydrochloride over the alcohohc potash 
rt'quired being from 1 c.c. to 2 c.c. in all cases. 

Sulphite Method . — Suitable for oils of almond, 
cassia, cinnamon bark, and lemongrass, but not 
considered to be so accurate as the hydroxyl- 
amine method given above. 

10 c.c. of the oil is accurately pipetted into a 
flask of 150 c.c. capacity, the neck of which is 
long and about 10 mm. internal diameter, 10 c.c. 
of which is graduated in 0-1 c.c. (Cassia flask). 
To this is added about an equal volume of hot 
sodium bisulphite solution (30% strength) and 
the mixture well shaken for a few minutes; 
frequently, however, the mixture becomes sohd 
almost immediately, and further quantities of 
bisulphite solution are added from time to time 
with frequent shaking, and the whole is kept 
hot on a boiling-water bath until the solid first 
formed is completely dissolved and only oil 
remains ; the flask is then filled with bisulphite 
solution, so as to bring the unabsorbed oil up 
into the graduated portion of the neck ; it is 
then set aside to cool and for the imabsorbed 
oil to float out. The difference Ixitween the 
original volume of the oil and that un absorbed 
is a measure by volume of the aldehyde content 
of the oil. 

Ketones. 

In oils of Caraway, Dill, Spearmint, Eepper- 
mint, PennyroTy al, and Eumlyptus dives. 

The solutions required are the same as those 
for Citronellal with the exception that the 
alcoholic potassium hydroxide must be N./l. 

Method of Determination . — Weigh out exactly 
into a stoppered tube (approximately 150 mm. 
long by 25 mm, in diameter) about 1-5 g. of 
caraway, dill, or spearmint oil, or 3 g. of pepper- 
mint oil ; add 20 c.c. of the N. -hydroxylamine 
hydrochloride reagent, and titrate wdth n,- 
alcoholic potassium hydroxide until the red 
colour changes to yellow. Place the tube in a 
water- bath at 75-80''., and neutralise the 
liberated acid with W-alcoholic potassium 
hydroxide at five- minute interals ; at the 
expiration of 40 minutes complete the titration 
to the full yellow colour of the indicator and note 
the reading of the burette. 

Two determinations should be carried out 


side by side, using two burettes, and the one 
first completed, plus a slight excess of alcoholic 
potassium hydroxide (0-5 c.c.), should be used 
as a colour standard for the end-point of the 
duplicate. The percentage should be cal- 
culated from the duplicate determination. 

The miml)er of c.c. of N. -alcoholic potash 
required, multiplied by the correcting factor 
1-008, by the factor 0-150 for carvone or 0-154 
for menthone, and by 100, and divided by the 
weight of oil taken will give the percentage (by 
weight) of the ketones calculated as carvone or 
as menthone. 

For the estimation of pulegone in Pennyroyal 
oil a reaction time of 75 minutes is required. 

Phenols. 

In oils of Ajowan, Bay, Cinnamon leaf, CIov<‘, 
Origanum, Pimento, and Thyme. 

The determination is carried out in a- flask 
consisting of a bulb of about 160 c.c. capacity 
with a long neck, of which 10 c.c. is graduated 
in tenths of a cubic centimetre, the length of the 
graduated portion being not less than 15 cm. 
Before use, the flasks shoidd be cleansed with 
concentrated sulphuric acid and well rinsed out 
with distilled water. 

Method of Determination.— c.c. of 5% 
aqueous potassium hydroxide solution are placed 
in the flask, followed by 10 c.c. of the clear oil, 
and the mixture thoroughly shaken at 5 minute 
intervals during 30 minutes, at room temperature. 

The unabsorlxid portion of the oil should then 
bo raised into the nock of the flask by the 
gradual addition of more of the potassium 
hydroxide solution, and the separation of the 
oily layer facilitated by rotating the flask 
between the hands and gently tapping. After 
standing for not less than 24 hours, the volume 
of unabsorbed oil should bo read off, taking the 
bottom line of the meniscus, in each case. The 
proportion absorbed, multiplied by 10, will give 
the ptircentage by volume of the phenolic content 
of the oil under examination. 

Eucalyptol {Cineole ). — In oils of Cajuput, 
Eucalyptus, Camphor containing a minimum of 
60% of cincole. 

Three grams of oil and 2*1 g. of pure o-cresol 
are accurately weighed into a test tube of about 
16 mm. diameter and 80 mm. length; the 
mixture is carefully melted while stirring with 
an accurate thermometer graduated in fifths of a 
degree centigrade ; when the mixture is com- 
pletely homogeneous stirring is stopped and 
the test tube is inserted through a bored cork 
into a wide-mouthed bottle acting as an air 
jacket and allowed to cool slowly until crystal- 
lisation commences. The mixture is then 
stirred vigorously and the highest temperature 
reached is taken as the freezing-point. .The 
mixture is remeltod and the determination 
repeated until two concordant results are 
obtained. The percentage of cineole is cal- 
culated from the following Table : 


% Cineole. 

F.p. ®C. 

% Cineole. 

F.p. ^0. 

100 

65-2 

70 

41-7 

96 

53-6 

65 

88*8 

90 

61-5 

60 

86-0 

85 

49-5 

55 

81-2 

80 

47-0 

60 

27-4 

75 

44-4 

45 

28-5 
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For oils of cineo]o (‘ontcni beJow 50% it is 
advisable to add a known proportion of pure 
cineolc before making the deterniination. 

Oil of Ajowan. 

Source. — Fruit of Ptychotis ajfnmn {Carum 
cojpticum). {Trachyftpermum amtni) (Bishops 
weed). Yield up to 4%. 

Habitat. — India. 

Constituents. — Thymol 115-55%, carvacrol, 
cymene, pinene, (lipentcne, terpinene, i>h(‘l- 
landrene. 

Characteristics. — p 0-l)l-0-0.‘l ; a O'" to \ 2'' ; 

1-485-1-510. 

Uses. — Carminative', aniiseptie. Dose ?, 5 
mins. 

Oil of Bitter Almond. 

{Oleum Aniygdalse Am arse.) 

Source. — Fermented kernels of Prurtus amyg- 
(lalus (almond). {Amygdants communis.) P. 
persira (peach). P. armeniac-a (apricot). Yiild 
up to !•()%. 

Habitat. — World- wdde in temperate and trc>pieal 
climes. 

Isolation. — The kernels are crushed, the fixed 
glyceride oil pressed out, and the press cake 
finely ground ; then mixed with water and 
maintained at a temperature approaching 
to cause enzymic splitting of the bcnzaldehyde 
cyanohydrin. The bcnzaldehyde is isolated by 
steam distillation, care being taken to lead the 
poisonous hydrocyanic acid away. The S.A.J^. 
(sine acido JVussico) quality is obtained by 
washing tlie oil wnth ferrous sulphat/C — lime 
solution. 

Consiituents. — Bcnzaldehyde 96-98%. 

Characteristics. — S.A.P. oil. pT05()-l*055; a 
up to +1(F; Up, 1'542-1'546. 

Uses. — Mavouring and perfumery. 

Oil of Aniseed. 

{See also Star Aniseed.) 

Source. — Fruit of Pinipinella anisurn. Yield 
up to ()%. 

Habitat. — Asia Minor and S. Russia. 

Constituents. — Anethole 80-95%, fenchone, 
cymene, anise ketone, anisaldehyde, cumhi- 
aldehyde. 

Characteristics. — p 20^" 0-975-()'990 ; a 0 to 
-2°; n^ 1-552-1 -560. Soluble in 3 vol. 90% 
alcohol. F.p, 15-19°. The B.P. recognises 
both oils of Aniseed and requires 0-980- 
0-994; a -2 to +1 ; Wd 1*553-1-560. F.p. 15° 
min. M.p. 17° min. Soluble in 3 vol. of 90% 
alcohol. 

Uses. — Medicinally as an aromatic carmina- 
tive and expectorant for hnctus ; also for the 
treatment of cholera. Dose 1-3 mins. In 
Pharmacy for Elixir of Cascara Sagrada and 
Tinct. Opii. Camphorata. Flavouring con- 
fectionary, liqueurs, and dentifirices. An in- 
ferior oil is distilled from the leaves. Star 
Aniseed is the usual aniseed oil of commerce. 

Oil of Bay. 

{Oleum Myrcim.) 

Source. — Leaves of Pimenta acris tree {Eugenia 
acris) {Myrcia aerie). Yield up to 8%. 


Habitat. — West Indies ; Venezuela. 

Constituents. — Eugenol, methyl eugenol, chavi- 
col, methyl chavicol, citral, myroene, phellan- 
drene, pinene. 

Characierislics. — p 0-960-0-985 ; a up to —3° ; 
Mj) 1-50-1-52. Phenols 50-70%. Soluble in 
2 vol. 70% al(-ohol. 

Uses. — Bay Rum and astringent lotions. 
R.W. Coefficient, 5-5. 

Oil of Bergamot. 

Source. — Fresh |x?cl of Citrus bergamia 
{aurantium). 

Habitat. — South Italy. 

ConstitueMs. — Linalool, linalyl acetate, nerol, 
terpineol, dihydrocumic alcohol, octylene, pinene, 
camphene, limonone, bornylene, bisabolene, 
bergapt(‘uo. 

Characteristics. — ^p 0-878-0-887 ; a +6 to 
+ 25°; Wjj 1-464-1-468. Linalyl acetate 30-45% 
(usually 35-40%). Linalool 18-40%. Stearop- 
tene 4-2~6-2%. Soluble in 2 vol. 80°% alcohol. 

Uses. — Widely in perfumery, especially for 
I Fail de Cologne. For methods of detecting 
e.sters added to give fictitious values, see Perf. 
& Essont. OU Rec. 1923, 14, 359. 

Oil of Cajuput. 

Source.-" Leaves and twigs of Melaleucro 
slirubs, especially M. maideni {31. leucadendron ; 
3T. minor). Yield up to 2%. 

Habitat. — Malay peninsula; Dutch East 
Indies; North Australia; Strait Settlements; 
Molucca Isles. 

Constituents. — Cineole, /-a-pinene, Mimonene, 
terpineol, torpinyl acetate and butyrate, benz- 
aldehyde, sesquiterpenes. 

Characteristics. — ^p 0-917-0-930 ; a —1°^ to 
—5° ; Wjj 1-465-1-472. Cineole 45-65%. Soluble 
in 2 vol. 80% alcohol. The B.P. requires : 
p 0-916-0-926 ; a not over —4° ; 1-464-1-472. 

('ineolo 50-65%. Soluble in 2 vol. 80% alcohol. 

Uses. — Medicinally as an antispasmodic carmi- 
native and intestinal antiseptic. R.W. Coeffi- 
cient, 1 ; Mild external counter-irritant for 
rlieumatism. Dose 1-3 mms. 

Oil of Cananga. 

Source. — Flowers of Cananga odorata. Yield 
up to 2%. 

Habitat.-- Java, and Manila; also to a small 
extent in Reunion, Seychelles, and Madagascar. 

Constituents. — j?-Cresyl methyl ether with 
small amounts of nerol, farnesol, linalool, 
linalyl acetate, and sesquiterpenes. 

Characteristics. — Java Cananga : p 0-91-0-92 ; 
a -15° to --40°; rq) 1-495-1-505. Ester value 
10-30. Acetyl value 50-80. An oil of superior 
odour obtained in Manila by selection of the 
choicest fractions from the distillation is known 
as Ylang-ylang. 

Uses. — Perfumery. 

Oil of Camphor. 

Source. — Cinnamomum camphora. {Laurus 
camphora.) Yield: Leaves and twigs 1-4 J%. 
Trunk and branches up to 6%. 

Habitat. — Japan, Formosa, Hainan, and East 
Central China. 
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Constituents, — ^The leaves and small twigs 
yield an oil consisting mainly of camphor, whilo 
the oil from the trunk and large branches con- 
tains little or no camphor and consists largely 
of safrole ; the other constituents are cineole, 
terpenes, and sesquiterpenes. Camphor (up to 
40%) and Safrole are isolated from the oil by 
fireezing and fractionation respectively and the 
residual oils are sold as Light and Heavy 
Camphor Oils. 

Characteristics, — (i) Light or White Camphor 
Oil, pO-87-0-92; a +9^^ to +23"; 1-465- 

1-475. Boiling range 165-215". K.W. Coeffi- 
cient, 0-4. This oil consists mainly of pinene, 
fenchene, limonene, phellandrene, cineole, with 
small proportions of terpinool, borneol, ter- 
pineol, citronellol, cuminol, carveol, eugenol, 
4-ethylguaiacol, piperitone, etc. 

(ii) Heavy or Brown Camphor OH. — p 0*97- 
1-07; Wx) 1-49-1-53. Boiling range 200-270". 
This oil has had most of the safrole removed, 
but oils containing 25-35% of safrole have 
^1-018-1-028. The constituents of the de- 
safrolated oil are mainly sesquiterpenes such as 
cadinene, a- and /3-caniphorene. Both light and 
heavy camphor oils var}'^ widely in quality. 

Uses, — Camphor is used medicinally and for 
the manufacture of celluloid. Safrole is used 
for the manufacture of heliotropin and as a 
perfume for household soaps ; light camphor 
oil for the isolation of cineole, as a substitute 
for turpentine and for liniments ; lieavy cam- 
phor oil for liniments and as a basis -perfume for 
soap stock. 

Oil of Caraway. 

Source. — Seeds of Carum carvi. Yield 3-7%. 

Habitat. — Northern and Central Emope, 
mainly Russia, Polland, and Holland. 

Constituents. — Carvone 50-65%, limonene, 
traces of dihydrocarvone, carveol, and dihydro- 
carveol. 

Characteristics. — p 0- 9 1-0- 92 ; a + 69° to +82" ; 
Wx> 1-484-1-490. The B.P. requires: p 0-91- 
0-92; a +70° to +80°; % l'485-l-492. Soluble 
in 1 vol. 90% or 7 vol. 80% alcohol. Carvone 
53-63%. 

Uses. — Medicinally, as an aromatic carmina- 
tive to relieve colic and griping, especially for 
children, in the form of Aqua Cari. Hose 1-3 
mins. Perfumery and flavouring. 

Oil of Cassia. 

Source. — Bark, leaves, and twigs of Cinna- 
momum cassia (Chinese Cinnamon). Yield up 
to 2%. 

Habitat, — Kwangsi and Kwantung provinces, 
China. 

Constituents. — Mainly cinnam aldehyde, also 
o-methoxycinnamaldehyde, o-coumaraldehyde, 
salicy aldehyde, bcnzaldehyde, cinnamyl alcohol, 
coumarin. 

Characteristics. — 1 05-1-07 ; a —1° to +6°; 

1-60-1-61. Aldehydes 80-95%. Soluble in 
2 vol. 70% alcohol. Formerly often adulterated 
with rosin and paraffin. Lead sometimes 
present. 

Uses. — Flavouring. Soap perfumery. Isola- 
tion of cinnamaldehyde. R.W. Coefficient, 1-4. 
Medicinally aa for cinnamon oil. Hose J-3 mins. 


' Oil of Cedarwood. 

Source. — Juniperus virginiana (Virginia Cedar, 
Florida Cedar). Mainly from the waste shavings 
of pencil factories ; also, to a small extent, from 
Cedrus ailaniica^ Cedrus libani, Juniperus procera 
and other varieties. Yield up to 6%. 

Habitat. — Widely in U.S.A. 

Constituents. — The sesquiterpenes — cedrol, 

cedrenol, cedrene. 

Characteristics. — Oil from J. virginiana. 
p 0-94-0-97; a~25°-60°; Wp 1-49-1-52. Ester 
value 2-7. Acetyl value 15^0. Soluble in 20 
vol. 90% alcohol. 

Uses. — Incense and fumigating. R.W. Coeffi- 
cient, 1-6. Soap perfumery. Microscopy. 

Oil of Chamomile. 

{Oleum Anthemidis.) 

Source. — Flowers of Anthemis vobilis (Roman 
chamomile). Yield up to 1%. 

Habit-at. — Southern and Western Europe. 
Britain, Belgium, France, Italy. 

Constituents. — ^Mainly esters of butyric, an- 
gelic, and tiglic acid with amyl and hexyl 
alcohols ; also anthemol and azulene^ to which 
the blue colour of the oil is due. 

Characteristics. — p 0-905-0-920 ; a —3° to +3° ; 
Wj) 1-442-1-459. Ester value 220-320. 

Uses. — ^Medicinally as an aromatic carmina- 
tive. Hose J-3 mins. 

Oil of Cinnamon Bark. 

Source. — Under layer of bark of Cinnamo- 
mum zeylanicu7n. Yield up to 2%. 

Habitat. — Mainly Ceylon, but also Jamaica, 
Seychelles, India, and Mauritius. 

Co7istituents. — Cinnamaldehyde 60-75%, 
eugenol 5-10%, benzaldehyde, methyl amyl 
ketone, phellandrene, pinene, cymone, nonyl 
aldehyde, linalool, cumie aldehyde, caryo- 
phyllene, esters of wobutyric acid. 

Characteristics. — ^p 0-950-1 03 ; a 0° to —8°, 
seldom over —2"; 1-565-1-590. Soluble in 3 

vol. 70% alcohol. The B.P. requires : p 1-00- 
1-03 ; a 0° to -2° ; 1-565-1-582. Soluble in 

3 vol. of 70% alcohol. Aldehydes 60-65%. 
The oil is usually distilled in England ; that 
distilled in Ceylon sometimes contains loaf oil. 
Adulteration with synthetic cinnamaldehyde or 
with cassia oil distillates has been detected. 

Uses. — Ab a spice, both for its flavour and its 
germicidal properties. R.W. Coefficient, 7-9. 
Medicinally as a carminative and antiseptic for 
internal use, and for inhalation. Hose 1-3 mins. 
In perfumery. 

Oil of Cinnamon Leaf. 

Source. — Leaves and twigs of Cinnamomu7n 
zeylanicum. Yield about 1%. 

Habitat. — ^Mainly Ceylon, but also Jamaica, 
Seychelles, India, and Mauritus. 

Constituents. — JEugenol 70-96%; cinnamalde- 
hyde and benzaldehyde up to 3%, pinene, a- 
phellandrene, dipentene, safrole, methyleugenol, 
borneol, geraniol, caryophyUene, a-terpineol, 
linalool, cinnamyl alcohol. 

Characteristics. — p 1-045-1-065; a —1° to +3° 
(often too dark for observation) ; 1*630-1-546. 

Soluble in 3 vol. of 70% alcohol. 
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Uses , — As a soiToe of eiigcnol for tho manu- 
facture of vanillin. H.W. Coefficient, 7-10. 

Oil of Ceylon Citronelia. 

Source. — Cymhoj}ogon imrdns {Andropogon 
nardus). liOna batu grass. Yield up to 0-7%. 

Hdbiiat. — Ceylon , Hoyehelles. 

-Gcraniol 30-40%, citronellal 
15-20%, bornool, ihtoI, eamphene, dipenteno, 
limonene, mothyleugojiol, citronellol, fameaol, 
methylbeptenono, thujono ; acetate, butyrate, 
and valerate eaters. 

Characteristics. — 0- 898-0*920 ; a —7® to 
— 14°; Tijy 1*4785-1 *4900. Acetylatable con- 
stituents 55% min. Soluble in 10 vol. 80% 
alcohol. 

Uses. — Perfuming household soaps, polishes, 
carbide, etc. H.W. Coefficient, about 2. 

Oil of Java Citronelia. 

Source. — Gymbojmgon nardvs {Audropogon 
nardus). Yield up to 0*7%. 

Habitat. — Java, Burjua, Malay. 

Constituents. — Citronellal 35-50%, citronellol 
and geraniol 35-45%, citral, dihydrooitronellal, 
dicitroncdlol ether, rncthylcugenol, wesquicitro- 
nelleno. 

Cfuiracteristic^s. — p 0*885-0*900 ; a —5° to 
+ P ; % 1*405 -1*473. Acetylatable constituents 
80-95%. Non-volatile residue 2-0%. Soluble 
in 3 vol. of 80% alcohol. H.W. Coefficient, about 

2 . 

Uses. — Perfumery. Source of geraniol and 
citronellal. 

Oil of Cloves. 

Source. — Unopened flower buds of ever- 
green Eugenia cmyophyllata {Caryophyllus aro 
malicus). Yield li-20%. 

Habitat. — Zanzibar, .Madagascar, Penang, 
Pemba, 

Constituents. — Eugcnol 78-98%; n cetyl - 
eugenol up to 17%, a- and ^-caryophyllcne, 
traces of vanillin, benzyl alcohol, methyl amyl 
carbinol, methyl heplyl carbinol, valcraldehyde, 
salicylic acid, methyl benzoate, methyl amyl 
ketone, methyl heptyl ketone, dimethylfurfural. 

Characteristics, — p 1 *044-1*069 ; a up to — 2*5°; 
% 1*528-1*640. Eugenol 80-96%; soluble in 
3 vol. 70% alcohol. The B.P. requires : 
p 1*047-1*060; 1*528-1*537. Eugenol 85- 

95%. Soluble in 2 vol. 70% alcohol. 

Uses. — Flavouring, preservative, ajitiseptic. 
H.W. Coefficient, 8. Manufacture of vanillin and 
*>oeugenol. Medicinally as an expectorant, 
internal antispasmodic antiseptic, antineuralgic, 
coimter-irritant, and as an antiseptic mild 
ansBSthetic in dentistry. Dose 1-3 mins. 

OH of Clove Stems. 

Source. — Leaves and stems of Eugenia caryo- 
phyllata. Yield 6-6*6%. 

Habitat. — Zanizibar, Madagascar, Penang, 
Pemba. 

Constitue\its. — As oil of cloves. 

Characteristics. — p 1*04-1*07 ; a up to —1*5°; 
ftp 1-63-1-64. Eugenol 82-96%. The odour of 
tms oil is inferior to that of clove-bud oil. 

Vol. VIII.— 42 


Oil of Coriander, 

Source. — bhiiits of Coriandrum. sativum. Yield 
up to 1%. 

Habitat. — liCvant, Russia, Central Europe, 
Morocco. 

Constituents. — ^/-Linalool, geraniol, bornool, 
pinone, cymone, dipentene, terpinolene, phel- 
landrcne, y-terpinenc, decaldohydo, acetic and 
decoi<.* esters. 

Characteristics. — -p 0*870-0*885 ; a -f7° to 
+ 14 ’; /q, 1 •463-1*476. Soluble in 3 vol. 70% 
alcohol. Estc’-s 4-23%. Alcohols 60-80%. The 
B.P. rc(iuires : p 0*870-0*884 ; d -f 8° to 4-16° ; 
Wi) 1 •462-1*472. Soluble in 3 vol. of 70% 
alcohol. 

Uses.— In Eau dc Cologne, liqueurs, flavours. 
Medicinally as a carminative stimulant and to 
prevent griping. Dose 1-3 mins. 

Oil of Dill. 

(Oleum Anethi.) 

Source. — l^huit of Anethum gravcolen.'i (Peuce- 
danurn graveolens). Yield up to 4%. 

Habitat. — Central to Southern Kuropo, India, 
North East Africa. 

Constituents. — Ca r \ one 40- 65%, phoUandrene, 
limonene, a decal ri(‘ne, dill-apiole. 

Characirristirs. —The B.P. requires ; p 0*900- 
0-915; a 4 70 to 4-80^; rq, 1*481-1*492. 
Soluble irj 1 vol. 90% or 10 vol. 80% alcohol. 
Carvone 43-63%. 

Uses. — As aTi aromatic carminative, especially 
for infantile flatultmce. Dose 1-3 mins, (for 
adults). 

Oils of Eucalyptus. 

(v. Vol. lY, 389(/.) 

Hiere are over 300 s])eries of Euc'alyptus, 
which form about 75% of the vegetation of 
Australia. They have been exhaustively' studied 
by^ H. T. Baker and H. G. Smith (“ A Research 
on the Euoalypts, especially in regard to their 
essential oils,” Sydney, 1920, 2nd ed.) and by 
Ponfold et al. (Proc. Hoy. Soc. N.S.W. 1923-24). 
Only a few are distilled for essential oil, namely 
E. australiana, E. amygdfdina, E. citriodora, and 
E. dives. 

Oil of E. australiaTia. 

This is the most widely distilled of the 
eucalyptus oils and is used in pharmacy. It 
replaces the oil of E. globulus, which was formerly 
tho only oil recognised by the B.P. and which 
was generally a mixture of oils from various 
species. Partial fractionation of the oil is 
usually practised to improve its quality. 

Constituents. — Cineole 70-90%, tasmanol, 
piperitone, phoUandrene, pinene, terpineol, 
geraniol, citral. Yield 3%. 

Characteristics. — The B.P. requires : p 0*910- 
0*930 ; a -5° to 4-5° ; Wp 1*458-1*470. Soluble 
in 6 vol. of 70% alcohol. Cineole 70% min. by 
the cresineol method. 

Uses, — Pharmacy; R.W. Coefficient, 6. 
Mineral flotation. Perfuming dentifiices. , In- 
halations. Internally for catarrhal inflamma- 
tion of the mucous membranes. Dose 1-3 mins. 
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Oil of E. amygdalina. 

Confusion exists over the exact species to 
which this name refers. The oil of commerce 
probably arises from all or mixtures of the oils 
of E. amygdaliva (black peppermint of Tas- 
mania). E, amygdalina (var. nitida of N.S.W.) 
and E. phellandra (narrow leaf peppermint of 
N.S.W. ). In commerce the name amygdalina 
is recognised as denoting oils of high phellan- 
drene and low cineole content. 

Constituents. — Cineole 6-35%, phellandrene, 
piperitone. 

Characteristics. — p 0’86-0-90 ; a — IS'" to —70° ; 
Wj) 1*47-1 *48. Solubility in alcohol very variable. 

Oil of E. citriodora. 

Source. — E. citriodora (citron scented gum). 
Yield up to 1*5%. 

Habitat. — North Queensland. 

Constituents. — Citronellal 90-98%, geraniol, 
pinene. 

(characteristics. — 0-865-0-905 ; a —1° to 
-f2°; 7^0 1*450-1 *468. Soluble in 2 vol. 7% 
alcohol. 

Uses . — Perfumery and as a source of 
cintronellal. 

Oil of E. dives. 

Source. — E. dives (broad leaf peppermint). 
Yield up to 4%. 

Habitat, — New South Wales, Queensland. 

(constituents. — Cineole, piperitone 50%, piperi- 
tol, 4-terpinenol, pinene, phellandrene 40%. 

Characteristics. — p 0*890-0*907 ; a —55° to 
—80°; Uq 1-479-1-481. Soluble in 1 vol. 80% 
alcohol. Piperitone 46-53%. 

Uses, — As a source of piperitone for the 
manufacture of tliyraol and menthol. There 
are at least four varieties of E, dives which yield 
oils of widely different composition. The one 
commercially available is that in which piperi- 
tone predominates, the characteristics for which 
are given above. 

Oil of Fennel. 

Source. — Fruit of Fceniculum vulgare {F. 
capiUaceum) {F. dulce). Yield up to 6%. 

Habitat. — Russia, Uou mania, Greece, Asia 
Minor, India, Japan. 

Constituents. — Anethole 60-90%, fenchone, 
methylchavicole, pinene, dip€uitene, limonene, 
phellandrene. 

Characteristics. — p 0*96-1 *00 ; a -f 4° to -f 24° ; 
Wjo 1-626-1-640; F.p -f3 to -f-10. Soluble in 
1 vol. 90% alcohol. 

Uses. — As for oil of Star Aniseed. 

Oil of Geranium. 

Source, — Pelargonium capitatum. P. radula. 
P, odoratissimum. P. graveolens. Yield up to 
2 %. 

Habitat. — Reunion, Algeria, South Franco, 
British East Africa, Tanganyika, Spain. 

Constituents. — Citronellol 40-76%, geraniol 
26-60%, nerol, jS-phenylethyl alcohol, terpineol, 
linalool, menthol, menthone, phellandrene, esters 
of tiglic, acetic, isobutyric, and isovaleric acids. 


Characteristics. — p 0*888-0*906 ; a —7® to 
-14°; njy 1*462-1*472. Acetyl vadue 200-236. 
Ester value 40-100. Soluble in 3 vol. 90% 
alcohol. 

Uses. — In perfumes of the rose type. 

Oil of Ginger. 

Source. — Rhizome of Zingiber officinale ; 
Alpinia galanga. Yield up to 3%. 

Habitat. — tjamaica, Cocliin China. 

Constituents. — Zingibereme, camphene, phel- 
landrene, borneol, cineole, citral, zingiberoJ, 
decaldohyde, linalool, methylheptenone. 

Characteristics. — p 0*874-0*888 ; a —30° to 
-57°; 7?ij 1*490-1*497. Acetyl value 30-52. 
Not clearly soluble in 90% alcohol. 

Uses. — Flavouring. Medicinally as a carmi- 
native. 

ON of Gingergrass. 

Source. — Sofia Rosha grass. Cymbopogon 
martin a. 

Habitat. — Widely in India. 

Constituents. — Dihydrocumic alcohol (perrylic 
alcohol), geraniol, carvone, dipentene, limonene, 
phellandrene. 

Characteristics. — p 0*900-0*955 ; a —30° to 
+ 54°; % 1*478-1*495. Soluble in 3 vol of 70% 
alcohol. Total alcohols 36-70%. Esters 8- 
56%. 

Oil of Lavender. 

Source. — Flowering tops of Lavandula offi- 
cinalis {L. vera, L. fragranSy L. delphinensis). 
Yield up to 1%. 

Habitat, — South France, South England. 

Constituents. — Linalyl acetate 28-60%, 
linalool, cineole, borneol, geraniol, coumarin, 
ethyl amyl ketone, pinene, caryophyllene, esters 
of acetic, butyric, valeric, and caproic acids. 

Characteristics. — The B.F. requires : 

Prench. English. 


p 0*883-0*895 0*882-0*900 

a -8” to -10“ -3“ to -10“ 

ni> 1-459-1*464 1*469-1*470 

’Esters 35% min. 7-12% 

Solubility in 70% 

alcohol .... 4 vol. 4 vol. 


Uses . — Widely in perfumery. In medicine as 
a carminative. Dose 1-3 mins. Cf. Oil of 
Spike Lavender. 

Oil of Lemon. 

Source . — By expression of the fresh skins of 
lemons. Citrus limonia. 

Habitat. — Sicily, South Italy, California. 

Constituents . — Citral 4-6%, limonene, pinene, 
camphene, phellandrene, terpinene, octaldehyde, 
nonaldehyde, citronellal, terpineol, linalyl ace- 
tate, methylheptenone, bisabolene, ca^ene, 
citraptene. 

Characteristics . — 

Bpouge Machine 

extracted. extracted. 


p 0-856-0*869 0*857-0*860 

a +66“ to +62“ +66“ to +62“ 

. • 1*474-1*476 

dtral 4*6-60% 8-4*6®/o 
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Tho B.P. requires: p 0- 867-0- 861 ; a -f 67® to 
4-65°; % l-474-l*476. Citral 4% min. 

U ses. — Flavouring. Perfumery . 

Oil of Lemongrass. 

Source. — Cymbopogon citratua, C. flexuosua 
{ATidropogon citratm and flexuosua). Yield up 
to 0-4%. 

Habitat. — East India, Ceylon, Strait Settle- 
ments, West Indies, Java, Burma, Seychelles, 
Cochin, Tanganyika. 

Constituents. — ^Citral 70-85%, w-dcealdehydc, 
citronellal, methylhoptenone, gcraniol, ter- 
pineol, limonene, cymene, sesquiterpene. 

Characteristics. — p 0-880-0-908 ; a —5° to 
4-3°; %) 1-482-1*489. Solubility 3 vol. 70% 
alcohol. Oil of Lemongrass is sometimes mis- 
named Oil of Verbena, which is the oil obtained 
from Lijipia citriodora — also known as Melissa 
Oil. 

Uses. — As a source of citral for perfumery. 

Oil of Limes (Distilled). 

(v. Vol. VII, 312a) 

Source. — Citrus auranti folia. 

Habitat. — West Indies (Montserrat, Trinidad, 
Barbados, Dominica, Martinique). 

Constituents. — Citral, limonene, linalool, linalyl 
acetate, terpineol, cymene. 

Characteristics. — 0-859-0 *869 ; a to 

4-52°; Wj) 1-476-1-478. Citral up to 2%. This 
oil is obtained during the concentration of lime 
juice. 

(hes. — Flavouring. Perfumery. 

Oil of Limes (Expressed). 

Source. — Citrus limetta. 

Habitat. — Southern Italy, West Indies. 

Constituents. — Citral 6-9%, bisabolene, ter- 
pineol, linalool, linalyl acetate up to 26%, 
citraptene 9-18%, methyl antliranilate. 

Characteristics . — ^p 0-878-0-902 ; a 4-30° to 
4-44°; n^ 1-482-1-486. 

Uses. — Flavouring and as a substitute for Oil 
of Lemon. 

Oils of Linaloe. 

[v. Vol. VII, 315c.) 

Mexican {Bois de citron Mexique). 

Source . — Wood and fruit of Bursera del- 
pechiana and B. aloexylon. Yield up to 3%. 

Habited. — ^Mexico. 

Constituents . — Linalool 60-70%, geraniol, ter- 
pineol, methylheptenone, methylheptenol. 

Characteristics . — ^p 0-876-0-900 ; a —16° to 
4-8°; 1-460-1-466. Ester value up to 75. 

Soluble in 3 vol. 70% alcohol. 

Cayenne (Bois de Rose). 

Source . — Wood of Ocotea caudata. Y'ield 1%. 

Habitat. — ^French Guiana. 

Constituents. — Linalool 60-90%, terpineol 6%, 
geraniol and nerol 6%, methylheptenone, 
cineoie, dipentene, methylheptenol. 

0-870-0-882 ; a —10° to 
—20°; ni> 1-461-1-446. Ester value 3-7. 
Soluble in 2 vol. 70% alcohol. 

Uses. — Perfumery of Lily of Valley tjrpe. 


This oil is not to be confused with (Ml of Rose- 
wood (Rhodium Oil) distilled from Convolvulus 
floridus and C. scoparius, for which the character- 
istics arc: p 0-880-0-886 ; a —2° to +3°; 

1-461-1-468. Soluble in 2 vol. of 70% 
alcohol. 

Oil of Mustard. 

Source. — Ripe- seeds of Brassica nigra (Black 
mustard) and B. juncea, after freeing from fixed 
glyceride oil by expression and enzymic fermen- 
tation to break down tho glucoside sinigrin 
(potassium myronate). Yield up to 1-25%. 

Habitat. — Widely throughout Europe. Lidia, 
North America. 

Constituents. — AUyl isothiocyanate 92-98%, 
allyl cyanide, carbon disulphide, dimethyl sul- 
phide. 

Characteristics. — p 1-015-1-026. Optically in- 
active. % 1-625-1-628. Boiling range 145- 
153°. 

Uses. — Medicinally as a vesicant and rube- 
facient in liniments and plasters. As a spice 
and preservative. 

Oil of Neroll. 

Source. — Fresh flowers of Citrus bigaradia (C. 
aurantium^ amara) (bitter orange). Yield up to 
0-15%. 

Habitat. — ^Mainly South France, also Portugal, 
Spain, North Africa. 

Constituents. — Linalyl acetate, neryl acetate, 
linalool, nerol, faniesol, methyl anthranilate, 
pinone, camphene, Jimonene, decaldehyde, 
indole, /5-phenylethy] alcohol, terpineol, jas- 
mone, nerolidol, esters of acetic, benzoic, and 
phenylacetic acids. 

(Jharacteristics. — ^p 0-870-0*880 ; a 4-1-6° to 
4-7°; Ujy 1-4675-1-474. Ester no. 30-70. 
Soluble in 2 vol. of 70% alcohol. 

Uses. — ^Widely in perfumery, especially in 
Eau do Cologne and orange flower water. 

Oil of Nutmeg. 

(Oleum Myristicse.) 

Source. — Dried nuts of Myristica fragrans (M. 
malabarica, M. argentea). Yield 6-16%. 

Habitat. — Moluccas, Penang, Sumatra, Singa- 
pore, Ceylon, West Indies. 

(Constituents. — Terpineol, bomeol, geraniol, 
pinene, dipentene, camphene, myristicin, safrole, 
eugenol, linalool. 

Characteristics. — The B.P. requires : p 0-880- 
-0-925 ; a 4- 10° to 4-30° ; wi> 1-474-1-488. Non- 
volatile residue 3% max. &>luble in 3 vol. 90% 
alcohol. 

Uses. — Confectionary. Perfumery. In phar- 
macy for spirit of sal volatile. Medicinally as 
a stimulant for the cerebral cortex and as a 
carminative. It is poisonous and may produce 
convulsions. Dose 1-3 mins. 

ON of Orange. 

Source. — Two varieties of oil obtained by 
expression of the fresh peel of Orange are avail- 
able. Sweet from Citrus sinensis and bitter 
from Citrus vulgaris and Citrus aurantium 
amara. 
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Habitat , — Sicily and Southern Italy, West I valerate, cineole, phellandrene, cadinene, di- 


Indies, South Africa, California. 

Constituents. — d-Limonene 90-95% ; decalde- 
hyde; nonyl alcohol; terpineol; linalool; 
methyl anthranilato ; esters of butyric and 
caprylic acids. 

Characteristics . — 

Sweet. Bitter. 

p 0-848.'i-0-8500 0-8.53-0-855 

a +98“to+100'* +91° to +90° 

wp 1-473-1-475 1-473-1-475 

Aldehydes .... l-3-l-0% l-4-2 f)% 

Residue 1 • 5-2- 5 % 2- 6-4 % 

Solubility in 90% 

alcohol .... 1-8 vol. 1-8 vol. 

Uses. — In perfumery and as a flavouring 
agent. 

Oil of Palmarosa. 

tSource. — Motia Rosha or Rusa grass, Cymho- 
pogon ynartini {Andropogon schoenanthus) ; not 
to be confused with Sofia Rosha grass from 
which Gingergrass Oil is obtained. Palma- 
rosa Oil is also known as East Indian Geranium 
Oil. Yield 0-3% or up to 2% on dried grass. 

Habitat . — India, chiefly in the Bombay 
Presidency, Central Provinces, and the Behars. 

Constituents. — Geraniol and citronellol 75- 
95% in a ratio of about 1-4:1. Esters of acetic 
and caproic acid 12-15%. Dipcnlcne 1%. 
Methylheptenone ; farnesol. 

Characteristics. — ^p 0-885-0-9()0 ; a —3° to 6°; 
Uj) 1-472-1 -478. Soluble in 3 vol. 70% alcohol. 
Uses. — Perfumery for rose typo perfumes. 

Oils of Pennyroyal. 

(Oleum Pulegii.) 

European. 

Source. — Mentha pulegiurn. 

Habitat. — France, Spain, Sicily, Hungary, 
and Russia. 

Constituents. — Pulegone, menthonc, menthol, 
limonene. 

Characteristics. — p 0-930-0-960 ; a -f 13® to 
+35°; 1-482-1-487. Soluble in 2 vol. 70% 

alcohol. Ketones up to 90%, mainly pulegone. 

‘ American. 

Source. — Leaves and stalks of Hedeoma pule- 
gioides. Yield about 1-6%. 

Habitat . — North Carolina, Ohio, Tennessee. 
Constituents. — 1-Menthone 60%, puk^gone 30%, 
methylcyciohexanone 8%, d-isomenthone, l- 
pinene, Llimonene, dipontene, a sesquiterpene 
alcohol. 

Uses. — Medicinally as an emmenagogue. 
Dose 1-3 mins. 

Oils of Peppermint. 

There are two general types of Oil of Pepper- 
mint produced from the fresh flowering tips 
of (1) Mentha piperita mainly in the U.S.A., and 
(2) Mentha arvensis mainly in Japan, China, 
and Formosa. 

Oil of Mentha piperita. 

Yidd up to about 0-6%. 

ConstituefUs, — ^-Menthol, menthone, a-pinene, 
Wimonene, menthyl acetate, menthyl iso- 


methyl sulphide, etc. 

Characteristics. — p 0-900-0-920 ; a —18° to 
-35° ; Wj) 1 -460-1 -464. Total menthol 6(k-62% ; 
menthonc 9-19%; esters 6-14% as menthyl 
acetate. The B.P. requires : p 0-902-0-915 ; 
a —18° to —30°; 1-460-1-470. Soluble in 

4 vol. of 70% alcohol. Esters 4-9%. Free 
menthol 46% max. The U.S.P. requires : 
p26 0-896-0-908; to -33°; 1-460- 

1-471. Soluble in 4 vol. 70% alcohol. Com- 
bined menthol 5%. 

E7iglish Peppermint Oil, which has character- 
istics similar to those of the American oil, is 
considered to have a superior odour. 

Uses. — Flavouring and confectionery. 
Liqueurs. Pharmaceuticals. Toothpaste, etc. 
Medicinally as a carminative. Dose 1-3 mins. 

Oil of Mentha arvensis. 

Yield up to 2%. 

As originally distilled this oil contains up to 
85% of free menthol, part of which crystallises 
out on cooling. The oil normally exi>oi ted from 
Japan is the 80 -(!aIIed “ Demen tholised ” oil. 

Constituents. — /-Menthol, weomenthol, men- 
thone, menthenone-1, piperitone, pulegone, 
ethyl amyl carbinol, cineole, 2-hexenyl phenyl- 
acetate, menthyl acetate, limonene. 

Characteristics . — 

Original 1 >enien tholised 
oil. oil. 


p O OOO-O OU) 0-895- 0-905 

a -26° to -42° -24° to -85° 

n» 1-4.58- 1-464 1-458-1-465 

Total menthol . . . 78-92% 4U-ti0% 

(’ombined menthol . 2-7% 4 14% 


Uses. — Preparation of menthol. Flavouring. 
Medicinally as an aromatic stimulant and 
carminative to relieve flatulence and colic and 
prevent griping. Its germicidal proi)crtie8 are 
insignificant. Dose 1-3 mins. 

Oil of Petitgrain. 

Source. — Leaves and young shoots of Citrus 
bigaradia (Citrus avrantium, amara) (bitter 
orange). Yield up to 0-4%. 

Habitat. — Paraguay, South France, Mediter- 
ranean area. 

Constituents. — Linalool, nerol, geraniol, ter- 
pineol and their acetic esters. Methyl anthrani- 
late, camphene, pinene, limonene, furfural. 

Characteristics . — 

French Paraguayan 

oil. oil. 

p 0-888-0-897 0-885-0-900 

a -l°to-8° -3° to +11° 

n® 1-460-1-470 1-469-1-466 

Esters 50-70% 35-60% 

Solubility ill alcohol . 2 vol. 80% 2 vol. 80% 

Uses. — Perfumery as a substitute for the finer 
Oil of Neroli. 

Oil of Pimento. 

(Allspice.) 

Source. — Fruit of Pimenta officinalis (Eugenia 
pimento). Yield 3-5%. 

Habitat. — West Indies (Jamaica), Mexico, 
Ck>sta Rica, Venezuela. 
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Cmsiituents, — Eugenol 66-80%, mothyl - 1 
ougenol, cineole, phellandrene, caryophyllene. 

Characteristics, — 1*025-1 ‘065 ; a —1° to 
-4'^; 1*626-1*636. Soluble in 2 vol. 70% 

alcohol. 

Uses. — ^I^^lavouringB. Medicinally as a carmi- 
native and with aperients. Dose 1-3 mins. 

Oil of Pine. 

Source. — Stump wood of Pinus palustris (Long 
leaf pine). 

Habitat. — CJ.S.A. 

Constituerds. — ^Terpineol 60-70%, bomeol 6- 
10%, fenchyl alcohol 6-10%, camphor, anethole, 
methylchavioole, cineole, dihydroterpineol, ses- 
quiteriJenes. 

Characteristics. — p 0-925-0‘946; a --12° to 
4-9°; 91 d 1*476-1 -485. Boiling range 180-250°. 
Soluble in 2 vol. 70% alcohol. 

Uses. — Disinfectants. Varnish. Perfumery. 
Mineral flotation. Textile manufacture. Wet- 
ting agent. 

This oil is known in the trade as “ Hercules 
Pine Oil ” and “ Yarmor Pine Oil.” 

Oils of Pine Needles. 

There are many varieties of Pine-Needle Oil 
but they can be classified in three main classes 
typified by (1) Abies sibirica, (2) Pinus sylvestris, 
(3) Pivus pumilio. Pine-needle oils differ from 
tlie turpentine oils in having a relatively high 
proportion of oxygenated constituents. 

Oil of Abies sibirica (Siberian Fir) Oleum 
abietis B.P. 

Habitat. — North East Russia. 

Constituents. — Bomyl acetate 30-40% ; a- 
pineno, ^-pinene, camphene, phellandrene, di- 
pentonc, bisabolene, santene, terpinyl acetate. 
Yield about 13%. 

Charactenstics. — p 0'900-0-928 ; a —30° to 
-45°; % 1*467-1*476. Soluble in 1 vol. 90% 
alcohol. The B.P. requires : p 0'905-0*926 ; 
a -32° to -46°; 1*466-1*476. Bornyl 

acetate 33-45%. 

Uses. — Pine oil perfumes. Inhalant. 

Oil of Pinus sylvestris. 

Habitat. — CJentral Europe. 

Constituents. — a-Pinene, dipentene, sylves- 
trene, bornyl acetate, terpinyl acetate, cadinene. 
Yield about 16%. 

Characteristics. — p 0*870-0*920 ; a —7° to 

-22°; Tijj 1*476-1*486. Esters 2-15%. 

Oil of Pinus pumilio. 

Source. — ^Twigs of Pinus pumilico (P. mon- 
tana). Yield up to 0*76%. 

Habitat. — ^Austria. 

Constituents. — Phellandrene, pinene, bomyl 
acetate 6-10%, pumilone, cadinene, dipentene. 

Characteristics. — p 0*860-0*876 ; a —5° to 
— 16°; % 1*470-1*486. Soluble in 10 vol. 90% 
alcohol. 

Uses. — Perfumery. Medicinally as an expec- 
torant and inhalant for bronchitis and laryn- 
gitis*; also as a rubefacient for rheumatism. 
Dose 1-6 mins. 


Oil of Roses. 

(Otto or Attar of Rose.) 

Source. — Rosa damascena, R. aUbUy R. moschata, 
and R. cevtifolia. Yield up to 0*04%. 

Habitat. — Bulgaria, South France. 

Constituents. — Citronellol, geraniol, nerol, far- 
nesol, j8-phenylethyl alcohol, neral, citral, 
eugenol, esters, stearoptene. 

Characteristics. — p 0*849-0*862; a —1° to 
-4°; 1*460-1*465. F.p. 19-22°. Stearop- 

tene 15-20%. (M.p. 33-37°.) Alcohols 66-78%. 
Citronellol 25-40%. 

Uses. — Widely, in perfumery. 

Oil of Rosemary. 

Source. — Flowering tops and leaves of the 
shrub Rosmarinus oMcinalis and hybrids. Yield 
up to 2%. 

Habitat. — Mediterranean districts ; France, 
Spain, Dalmatia, Tunis, Greece. 

Constituents. — Borneol 8-20% ; bornyl acetate 
up to 6% ; a-pinene, cineole, camphene, 
camphor. 

Characteristics. — p 0*890-0*922 ; a —6° to 
-f 13°; no 1*465-1*473. Soluble in 10 vol. 80% 
alcohol. The B.P. requires : p 0*900-0*919 ; 
a —5° to +10°; 1*464-1*476. Soluble in 1 vol. 
90% and 10 vol. 80% alcohol. Esters 2% min. 
Borneol 9% min. 

Uses. — Perfuraoiy of the Eau do Cologne type 
and for hair lotions as Spiritus Rosmarini. 
The oil has been subjected to much adulteration 
in the past. 

Oil of Sandalwood. 

East Indian Oil (Oleum San tali). 

Source. — Heart wood of the evergreen Santa- 
lum album. Yield 2'5-8*5%. 

Habitat. — The high altitudes of Mysore, 
Madras, Bombay. 

Constituents. — Santalol 90-97%, santene, san- 
tenone, santalone, santenol, tereaantalol, a- and 
/5-santalene8, santalal, nortricycZoeksantalal, 
santalic acid, teresantelic acid, santalenic acid. 

Characteristics . — p 0*973-0*985 ; a —15° to 
-21°; 1*503-1*510. Soluble in 5 vol. 70% 

alcohol at 20°. Esters 4-6*5%. Viscosity at 
20° about 138 centipoises. 

West Australian Oil (Oleum Santali 
Australiensis). 

Source. — Wood of the large bush Fusanus 
spicatus {Santalum cygnorum ; S. spicala ; 
Eucarya spicatum). Yield about 2%. 

Habitat — In the west and mid-continent of 
Australia. 

Constitmnts. — a- and jS-fusanol over 90%. 

Characteristics. — ^p 0*970-0*976 ; a —3° to 
-10°; ?h) 1-498-1-508. Soluble in 3-6 vol. of 
70% alcohol. 

I Uses. — ^Until recent times the East Indian 
oil from S. album was the only one recognised 
I by the pharmacopfieias. The West Australian 
oil from S. australiensis is now similarly 
recognised. Phenol coefficient about 1*6. Medi- 
i cinaUy for cystitis and gonorrheea. Dose 5-16 
i mins. Oils of Sandalwood are used in perfumery 
1 on account of their odour and fixative properties 
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Oil of Sassafras. 

Source — Roots and bark of Sassafras officinale 
(Laurus sassafras). Yield up to 9%. 

Hahitat. — Virginia, Carolina, Tennessee, 
Canada. 

Constituents, — Safrolo 80%, phellandrene 10%, 
camphor 7%, cadinene 3%, eugenol. 

Characteristics. — 1*068-1*082 ; a +1° to 
-f6°; Wp 1*625-1*831. Ester value up to 2. 
Soluble in 2 vol. 90% alcohol. 

Uses. — Medicinally as a rubefacient and 
anodyne liniment and to destroy pedicuh. 
Dose 1-5 mins. Perfume for soap base and 
household soap. 

Oil of Shui (Ho). 

Source. — Uncertain, probably the Shu Sho 
Boku or “ Stinking Camphor tree,” a species of 
Cinnamomum or Machilus. 

Hahitat. — Formosa. 

Constituents. — Linalool 60-90%, eugenol, 
safrolo, camphor, cineole, pinene, dipcntene, 
linalyl acetate. 

Characteristics. — 0*870-0*895 ; a —1° to 
— 16°. Ester value up to 30. 

Uses. — Perfumery. 

Oil of Spike Lavender 
(Aspic). 

Source. — Lavandula latifolia {L. spica ; L. 
vulgaris). Yield up to 1%. 

Hahitat. — South Franco and Spain. 

Constituents. — Borneol, linalyl acetate, lina- 
lool, camphor, geraniol, cineole 33-40%, 
terpineol. 

Characteristics . — 

French. Spanish. 


p 0-900-0-921 0-903-0-922 

a -4" to 4-7° -5" to 412” 

Wd 1-464 -1-468 1-464-1-470 

Eater value . . . 3-22 4-27 

Alcohols .... — 

Solubility in 70% 

alcohol .... 3 vol. 3 vol. 


Uses. — Perfumery. Pottery glazes. As an 
insect repellent. Cf. Oil of Lavender. 


Oil of Star Aniseed. 

Source, — ^Fniit of Illicium verum. Yield up to 

6 %. 

Hahif/it. — Kwangsi, South China; Hainan. 

Constituents. — Anethole 90%, Methylchavi- 
colo, p-propenylphenol, limonene, pinene, anis- 
aldehyde. anise ketone, phellandrene, terpineol, 
safrole, bisabolene, cadinene. 

Characteristics. — 0*976-0*990; a —2° to 
4-1°; Wj) 1*650-1*660. F.p. 16-19°. Soluble in 
3 vol. 90% alcohol. 

Oil of Thyme. 

Source.. — Many species of Thymus, mainly 
T. zygis {gracilis), T. vulgaris (Spanish Tomillo), 
and Ocimum viride. Yield up to 2%. 

Habitat. — Spain, Portugal, South France, 
Crete. 

Constituents. — Thymol, carvacrol, borneol, 
terpinenol, geraniol, linalool, menthene, cam- 
phene, cymeno, torpinene. 

Characteristics. — p 0*915-0*966 ; a —4° to 4- 2° ; 
Wd 1*49-1*51. Phenols 30-50%. Soluble in 2 
vol. of 80% alcohol. The ratio of thymol to 
carvacrol varies considerably. 

Uses. — Perfumery. Deodorants and germi- 
cides. R.W. Coefticient, about 14. Medicinally 
as an antiseptic carminative and anthelmintic 
and for the treatment of whooping cough and 
bronchitis. Dose 1-5 mins. 

Oil of Turpentine. 

Turpentine varies widely in composition. 
There are four types recognised industrially : 

1. Oum Spirits of Turpentine. — Obtained by 
steam distilling the oleo -resin exudation from 
various conifers, such as Pinus palustrist P. 
helerU'phyUa, and P. maritima, consisting mainly 
of a-pinene. 

2. Wood Turpentme. — Obtained by steam 
distilling chips and stumps, consisting largely 
of dipen tene. 

3. Wood Turpentine. — Obtained by destruc- 
tive distillation of chips and stumps. 

4. Sulphite 'Turpentme. — Obtained as a by- 
product in the manufacture of paper pulp from 
wood and consisting largely of carene. 


A.S.T.M. Spibits of Turpentine, D13-14. 



Gum spii its of 
turpentine. 



Wood turpentine. 




Steam 

distilled. 

Sulphate. 

Destructively 

dlstlUed. 


Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Pl5 

0-875 

0-860 

0-875 

0-860 

0-876 

0-860 

0-806 

0*860 



Residue after polymerisation 

1-478 

1-465 

1-478 

1*465 

1*478 

1-465 

1-488 

1*403 

with 88N-H2SO4, Vol. % . 

2 

— 

2 

— 

2 

— 

2 

- — 

♦*1) 


1*500 

__ 

1-500 


1*500 


1*480 

Initial B.P./760 mm., °0. . . 

% distilling below 160°O./760 

160 

150 

160 

160 

160 

160 

167 

1.50 

mm 

% distilling below 180°O./760 


90 


90 


00 


60 

mm 








00 
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OILS, ESSENTIAI.. 


The following grades are reco^ised* ; 

British Standard Turpentine, Type 1, No. 244, 
1936, consists of refinod gum spirits of turpentine 
having the following characteristics : p 0-862- 

0- 872; B.K. below 160®O. 1% max.; below 
170°c. 95% min. Residue 3% max. 1-469- 

1- 478. Residue iinpolymerisable by sulphuric 
acid, 11% max. F.p. 90 °f. min. 

British Standard Turpentine, Type 2, No. 290, 
1936, is distilled from oleo-resins or wood by 
steam or destructive distillation, and has 
p 0-859-0-875 ; B.R. below 150°, 1% max.; 
below 170°, 70% min. ,- below 180°, 90% min. 
Residue 2% max. n^, 1-463-1*483. 

27ie American Society for Testing Materials 
recognises all four of the varieties described 
above, the specifications being as given in the 
table opposite. 

Oil of Vetiver. 

Source. — Roots of Indian couch-grass or Cus- 
ciis, Vetiveria zizanioides {Andropogon rnuri- 
catus; A . squarrosus ; V. 'tnuricatus). 

Habitat. — Mainly in India, Malay 

States, Ceylon. Also in Java, West Indies, 
Brazil, Seychelles, Reunion, Gold Coast. 

Constituents. — Mainly sesquiterpenes, viz. veti- 
vonc, vetiverone, vetivenol, and esters. 

Characteristics. — p 0-98-1-03 ; a 4-20° to +39° ; 

1-51-1-53. Soluble in 2 vol. 80% alcohol 
(turbid with more). 

Uses. — Perfumery as an odoriferous con- 
Hlitucnt and as a fixative. Medicinally in 
India by the Ancients. The distillation is 

* 'I'lio IJritish and American specifications quoted 
arc given in an abbreviated form suitable for 
quick rcierence only. For a proper understanding of 
tb(> figures it is necessary to consult the detailed specifi- 
cations which can respectively be obtained from the 
British Standards Institution, 28 Victoria Street, 
Loinlon, S.WM, and the American Society for Testing 
Materials, 260, South Broad Street, Fliiladelphia, 
TI.S.A., who own the copyrights. 


mainly done in Europe from imported roots. 
Yield up to 3-3% (dry basis). Average oil 
percentage in distillate 0-02. 

Oil of Wintergreen. 

(Sweet Birch, Oleum Belulae.) 

Source. — Leaves of herb GauUheria pro- 
cumbens (Wintergreen) (Tea berry). Bark of 
tree Betula leiUa (Sweet Birch). 

Habitat. — U.S.A., New England, Illinois, 
Alleghany. 

Constituents. — Methyl salicylate with tiaces 
of other esters, an alcohol, ketone, and aldehyde. 

Characteristics. — p 1-180-1-189 ; a —3° to 
+0-5°; Uyy 1-534-1-538. Soluble in 5 vol. 70% 
alcohol. Methyl salicylate 98% min. 

Uses. — Flavouring for chewing gum, tooth- 
pastes. Medicinally for rheumatism and sciatica. 
Dose 5-15 mins. R.W. Coefficient, 0-4. 

Oil of American Wormseed. 

{Oleum Chenopodii.) 

Source. — Flowers and fruits of ChcMopodium 
ambrosioides var. anthelrnmticum (Baltimore 
Oil). Yield up to 1%. 

Habitat. — Maryland, 1^8. A., West Indies. 

Constituents. — AKcaridole, eyinene, /-firnonene, 
sylvestrene, camphor, safrole, a-terpinene, 
menthadionc. 

Characteristics. — The B. P. requires : p 0-962- 
0-983; a —4° to —8 ; n,, 1-474-1-479. Aseari- 
dole 65% min. Oils of inferior quality may 
result from the decomposition of the ascaridole 
due to unsuitable methods of distillation. 

Uses. — Medicinally as an anthelmintic for 
hook-worm and round-worm. Dose 3-15 mins. 
It is poisonous ; toxic symptoms are transient 
dizziness and vomiting ; a purgative should bo 
used as an antidote. 

T. H. D. 
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A 

Acetic acid, nitro-, 191 /j, 492/i 
Acetonitrile, 86 
Activators, 545a 
Active oxygen detn., 541c 
Aculeatin, 446a 
AdiEibatic expansion, 500a 
^sculetin, 446a 
A^athalene, 892a 
Au-, cojiiposil ion, 498c 
Alcohols, iilipliaiic, amino-, 
4976 

— , — , niiro-, 4976 
Alan’s [^-J acid, 807</ 
m 5 - Alkyl and ms-aryl anthra- 
cenes, preparation (see also 
Antliracen e , M el h y 1 a n 1 1» ra - 
cone), 206, 22a 

Alkylanthracene derivs. in 
nai lire, 52d 

Alkylanthracenes, coloured 
tautomers, 866, 88c 

— iToni alkylanthrones, 29c 
ketones and Grignard 

reagents, 88a 

simple condensations, JM6 

9- Alkylanthracenes, hroini- 

nation, 85c 

— , l:5-dichloro-, 2 J«, 306 
— , 1:5 - dichloro - 9 - a>-bro?no-, 
tautomeric, 10c 

— , transannular tnutomerism, 
35a 

10- Alkylemthracenes, 10-liy- 

droxy-9:] 0-dihydro-, 22r 

— - , lO-hydroxy-, 22c 
Alkylideneanthrones, 25c, 29c 
— , bonzanthrone derivs. from, 

81a 

Alkylnaphthalenes, 389a 
Allanite, 4516 
Alloxanthoxyletin, 450a 
“ Allyloid ” systems, 176a 
Allylisothiocyanate, 2550, 
2566, d 

Aluminium, drop reactions, 
62a 

Amanita mitscaria, A. spp.j 246c 
Ammonia autoxidation, 5816 
— , catalytic decomposition, 
454d 

— , decomposition, 5626 

— from calcium cyanamide, 

5446 

metallic cyanides, 5446 

nitrides, 5446 

nitric oxide, 5216 

— , infra-red absorption, 505d 

— oxidation catalyst, 5636, 

664d 

poisons, 566a 

, catalysts other 'lan 

platinum, 5606 

converters, 5646, . 65c, 

mid 

, electrolytic, 6816 

in solution, 681a 

— sulphuric acid works, 

mu 


Ammonia oxidation plant, 
564a, 566a, 567c, 668a 

— — jirocesses, 562c 
with oxygen, 571a 

— oxidation under pressure, 

571d 

synthetic, 5446 

, — , activated iron catalysts 
for, 545a, 546a 
, - — , and methyl alcohol, 5596 
— , Ca.sale process, 550c, 
5516 

, — , catalyst function for, 
545c 

, — , — plant, 5486, 549a 
, — , Claude process, 5506, d 
. - Duparc process, 551d. 

. — , Fauser process, 551c 

— - , from cyanamide, 554d 

— , — cyanides, 552d 
~ — nitrides, 552c 

» — » purih cation for, 

MM, 550c 

, hydrazine cont/cnt, 5466 
— , hydrogen for, 5476, 548(7 
— , — , large scale, 5476 
— , — , Mont Cenis process, 552a 
■ — » plant corrosion, 5496 

" — , preparation of catalysts, 

545(7 

— , Serpek jirocess, 552c 
- , — , water gas for, 5476 
Ammonium chloride, 582(i 
hydrogen purp urate, 215(( 
ion, drop reactions, 66a 
nitral<*, 561c 

— phosphates. 582a 

— phosphomolybdate, 222c 
sulphate, 581c 

Ammoresinol, 4466 
“ Ampelopsin,” 049(7 
“ Amphipathic ” micelles, 576 
Amylase, 108c 
Analiasine, 477c 
Analytical chemistry litera- 
ture, 618a 

Andresen’s acid, 32 la 
Aneurin, 81c, 82c, 481(7 

— cleavage and absorjdion 

spectra, 2086 
An^elicin, 444(7, 448(7 
An^ines, nitro-, 487(7 
— , — , analysis, 4886 
-, — , from chloronitro ben- 
zenes, 48Sa 

Annabergite, 464a, 4776 
Anthanthrone, 387c, 388(7 
Anthracene carboxylic acids, 
26c, 52a 

— derivs. from Guyot’s com- 

pou ids [see also Methyl - 
anG racenes, Alkylanthra- 
cer 3s), 32(7 

, influence of JS^-ehloro- 

s ibstituents, 28a, 8tla, 44(( 

^ : J5s?-incthyl subst I- 

tuents, 25c, 41c, 44a 

- — , structural formulae, 21(( 

— reaction with benzoquinone, 

27c 


Anthracene reaction with 
maleic anhydrhle, 26(7 
— - reactions with acyl and alkyl 
halides, 26c 

anhydrides, 26c 

— ring closure, with alky] (aryl) 

substitution, 33(7 

prior substitution, 

22c, 81c 

Anthracenes, addition of alkyl 
(aryl) groups to, 22c 
— , >/(cso-alkyl and -aryl, pre- 
paration, 206, 22a 
Anthracene series, o- and p- 
quinoid structures, 20c, 
21(( 

Anthracenes, halogeno-, and 
reactive aryl compounds, 
22c, 28a 

Anthracene, spatial formula, 
27a 

— structure and fluorescence, 

206, 25a, 436, 156 
Anthranol, 21(7, 24(7 
Anthranol-anthrone eiiuili- 
brium, 24c7 

Anthraquinone structuie, 21a 

— reduction products, C-alkyla- 

tion (3f, 22c 

Anthraquinone s and Grignard 
reagents, 22a, 236, 26a 
Anthroic acid, 52a 
Anthrone, lOrlO-dichloro-, 25(7 

— enolisation, 236, 25a 

- ])eriodides, 25(7 
10-})henyl derive., 40(7 

, -- -10(p - bydroxvpheni'l) 

29a 

structure, 216, 246 
Anthrones, alkylation, 22(7 
— , 1:5-, 1:8-, and 1 :5-dichluro-, 
116 

— and Grignard reagents, 226, 

236, 26a 

— , arylamido-, 26a 
— , dihalogeno-, in Friedel- 
Crafts reactions, 29c 
from alkyl (aryl) benzyl- 
benzoic acids, 22c, 31c 
— , halogeno-, and aromatic 
compounds, 22c, 28c 
, influence of a-chlorines on 
rncaohydrogens, 39c 

^^j-chloro and Bz- 

methyl substituents, 44a 

— ^ substituents, 25c, 

44a 

- methyl substi - 

tuents, 25c, 41c, 44a 
— , nitro-, 41c, 44(7 
— , preparation, 246 

- , reactions with aldehydes, 

22c, 29c, 306 

benzophenone, 29(7 

, unsaturated r<'m - 

pounds, 22c, 29c 
^ a/3 - unsaturated ke- 

tones, 30c 

- , B^-substituted, 246, 25(7 
— , lO-substituted, 256 
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lO-cALnthronylsuccinic anhy- 
dride, 27d 

Antiknock in aero engines, 6S7b 

— value, 632c, 637c 
Antimony, drop reaction, 676 

— trichloride test for polyenes, 

207d 

Anti-Stokes frequencies, 187d 
“ Apiezon,” 107d 
Apocadalene, 405a 
Apoenzyme, 4816, 612c 
Arc furnaces, 56 Ic 
Ar^on production, 504c 
Arinstron^ acid, 3436 
Arnica montana^ 7c 
Arsenic, As"', dmi) reactions, 
62a 

Arylanthracenes from ke - 
tones («cc a! no Anthra- 
cenes), 33a 

phthalides, 326 

Arylziaplithalenes, 386(/ 
A.S.T.M. fuel test, 635d 
Athamantin, 448r/ 

“ Atomic ” radii, 148d 
Audibert catalyst, 17a 
Aurapten, 4466 
Ayapin, 4466 
Azeotropic mixtures, ISoc 
Azoic dyes, 377a 


B 

Bacteria, chemosynthesising, 
8 la 

---, complex nutrition, 816, 82a 
Barium, drop reaction, 626 
Bast fibres, micro-organism 
damage, 97d 

Beckmann rearrangement of 
oximes, 180c 
Beer’s law, 203d 
Beestings, 08c 
Belonesite, 2176 
Benzanthrone reaction, 306 
Benzanthrones synthesis, 3t>6 
Benzene spectra, absorption 
and emission, 2066 
Benzeneazonaphthols, 2736 
Benzenes, chloronitro-, amina- 
tion, 488a 

Benzidene change, 183d 
Bexizoic acid, p-amino-, 82a 

1 :4~Benzoquixxone absorption 
spectrum, 207d 

p~Benzoquinone monoxime, 

591d 

9-Benzylanthracene , 1 ; 5 -di - 

chlorobromo-, tautomeric 
36c 

9-Benzylanthracenes,bromo-, 

456 

Benzylisothiocyanate, p -hy- 
droxy-, 254d, 2566 
Bergamottin, bergaptol, 448a 
Bergapten, 447d, 448a 
Bex^Uimn, drop reactions, 626 
Bibliographies, chemical, 616a 
Biochemistry, literature, 617d 
“ Bios,” 81d 
Biotin, 836 
Biotite, 55d, 56d 
Bismuth, drop reactions, 63a 
Black, carbon, from methane, 
2a 

— , Diamond, PV, 383c 
Blue, Diphenylamine, 244a 
— , Mineral, 120d 


INDEX. 

“Blue, Molybdenum,” 217c, 
222c 

Blue, Mulhouse, 244a 
— , Night, 483c 

Boiling-point elevation, 165a, 
214c 

— , vapour pressure 

detn., 160a, 213c 
Bomb method, see Micro-detn. 
Boric ion, drop reaction, 03a 
“ Bouncing pin,” 6350, 

Bound water in soils, 1 r>0d 
Brassica spp., 2546, 255d 
Bromide ion, drop reactions, 
63a 

Brucine, 630c 

surgical spirit, 6316 
Bucherer’s reaction, 273c 
Bunsenite, 4736 
Butylnaphthalenes, 402a 
Butylnaphthalene sulphonic 
acids, 402c 

Butyric acid, y-methylihiol-a- 
amino-. Ad 

Byakangelicin, ])yakHngelicol, 
4486 

Bz and wcso anthracene derivs., 
22 a 


G 

Cadalene, 405a, 406a 
Cadmiiim, droj) reactions, 63a 
Caesium, drop reaction, (54 a 
Calcium cyanainide, o53a 
— , drop redactions, 63a 

— nitrate, 5(516 

Garbamides from 1-naphthyl- 
aininesulplionic acids, 3036 

Carbinol, 15a 

Carbonate ion, drop reaction, 
64a 

Carbon black from methane, 2« 

— dioxide utilisation, 547(7 
Carotenoids absorption spec- 
tra, 207c 

Casein, 99(7 
Gaseinogen, 99(7 
Catalase, 109a 

Catailyst poisoning, 5456, 5466 
Cathode tubes, cold and hot, 
1576 

Cerite, 451a 

Cerium, drop reaction, 636 
Cetane number, 640c 

and chemical structure, 

6436 

in compression-ignition 

engines, 640r 

reference fuels, 642a 

significance, 642c 

Ghalcopyrite, 464d 
“ Chamber crystals,” 524c, 
5326 

Chemiluminescence, 2016 
Chicago acid, 3596 
Chile saltpetre, 483d 
Chillagite, 2176 
“ Chlor acne,” 277c 
Chloride ion, drop reaction, 636 
Ghloromethane, 96 
Ghloromethyl methyl sul- 
phate, 116 
Chloropicrin, 493a 
Choline, 83c 

Chromium compounds in 
textile proofing, 96d 
— , dichrornate ion, drop re- 
actions, 64a 


Chromotrope acid, 686, 370a 
Chrysanthemum cineraricefoliunis 
240(7 

Ciba Napihol RP, 408c 
Cichorium intybusy 440a 
a//oCinnamic acid, 1-carboxy-. 
381a 

Citropten, 445(7, 4466 
Claude’s litpiiil air process 
502c 

Cleve’s [a-] acid, 290(’ 

— I/3-] acid, 305c 
- \0-] acid, 290(7 

1 d - 1 or [8-] nitrona]dit lialeue- 
sulphonic acid, 2916 
Cobalt, drop reactions. 58(7, (536 
Codehydrogenase U, 181c 
Colorimeters, 458a 
Colostrum, 98c 
Compressed ignition accelera- 
tors, 643c 

Compression - ignition en- 
gines, delay ptuiod, 640(7 
Conductance ratio, 162a 
Conductivities , definitions, 

160a 

Conductivity, a(| neons solu- 
tions, 161(7 

— detn., applications, 1(5 1« 

— , electrolytic, detn., 1(506 
— , high frequencies, 163(7 

potential, 163(7 
, molecular, 160a 
", uon-aqueous solutions, 163a 
, solids and fuseal salt s, 163c 
tem])erature and viscosity 
efi‘e(;ts, 163a 

“ Conductivity water,” 161c 
Copper c()mi)ounds in textile 
proofing, 97a 

— , (irop reactiems, 58c, (54 (( 
''Coramine,'^ 4806, 481c 
Cotton, nii(To-organism dam- 
age, 95c 

Coumarins, (h^gradation, 4456 

— , natural, 444c 
— , synthesis, 445c 
Cozymase, 481c 
Cream, 1 15a 

— churning, 115c 
— , clotted, 115(7 

— -, homogenised , 1 1 56 
— , reconstituted, 116(* 

— , synthetic, 116a 
Croceine acid, 3456 
Gryoscopic constant, 1646 
Crystal structures, 121c, 122a 
Curtius decomi)osition of 
azides, 1806 

Cyanamlde, analysis, 557a 
~ furnaces, 5546 
— , production, 553a 
“ Cyclamin,” 649(7 
Cyclisation, 176c 
— , reversible, 176c 


D 

Dahl’s No. II acid, 308c 

— No. Ill acid, 308(7 

Daphnetin, 448c 
D.D.T., 241(7 

Debye-Falkenheig^ effect, 
163(7 

— units, 228c 
Debye units, 228c 

“ Pec,” properties, 414a 

Deoabydro - 2 - naphthalde- 
hyde, 4376 
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Decahydronaplitlialenes, {see 
also Decalins), 4B3df 
Decalixicarboxylio acids, 4376 
Decalin-l:5-diones, 438c 
Decalin, bomologues, 438c 

— manufacture, 413c 
— , properties, 413d 
— , uses, 414a 

CI5- and ^ra ns-Decalins, 414c, 
433d 

Decalins, amino-, 4356 
— , bromo-, 435a 
— , chloro-, 434d 
— , dibydroxy-, 437a 
— , hydroxy-, 4356 
— , 9-hydroxy-, 436d 
— , nitro-, 435a 

— properties, 4346 

1- Decalols, 435d, 436rt 

2- -Decalols, 43(>c 
Decalones, 437d 
Decalylamines, 4356 

— , Walden inversion, 435d 
Derris extracts, 24(Jd 
9 : 10 - Dialkylanthracenes, 
9 : 10 - dihydroxy -9:10- 
dibydro-, 20a 
Dial^lanthradiols, 26a 
ar-Di- and Tri-aminotetra- 
hydronaphthalenes, 421a 
Diantnracenes, 52c 
Diarylphthalides and Grig- 
nard’s reagents, 31 d 
— , sources, 31c 
Diazo-oxides, 2746 
Dibromoamine, 513a 
Diesel Index, 6436 
Dihydronapbtbalene glycols, 
425a 

— oxides, 425a 

Dibydronapbtbalene -> 2 - 
imido-oxazolidine, 42 4d 
1:2- Dibydronapbtbalene, 

4 1 He 

1:4- Dibydronapbtbalene, 

4156 

Dibydronapbthalenes , 1 1 5a 
ac - Dibydro - 2 - napbtboic 
acid, 416c 

ar-5:8 - dibydro-l-napbtbol, 
4166 

ar-5:8 - Dibydro-l-napbtbyl- 
aznine, 416a 

Dibydroxantbyletin, 449(/ 
Dibydroxyantbracenes 

derivs., dehydration, 236 
Dimetbylaznine, 76 
1:4-Dimetbylantbracene, 42a 
2:3-Dimetbylantbracene, 48c 
2 :7-Dimethylantbracene,47c, 
48a 

Dimetbylantbracenes, 42a, 
46d 

2 :3-Dimetb3rIaxitbraquinone , 

48c 

Dimetbylanthrones, 426, 44a 
— , bromo-, 426, 43c, 44a 
— , effect of substitution, 41c, 
426 

2:4- Dimethyl - 9 -benzyl - 
antbraoene, 436 
Dimethyl disulphide, 10c 

— ether, Sd 

, addition compounds, 9a 

, halogeno-d^rivatives, 9a 

Dimetbyboapbtbalenes, 3906, 
402o 

Dimethyl Sulphate, 11a 

— sulphide, lOe 

— sulphite, lOd 


Dimethyl sulphone, 10c 

— sulphoxide, 10c 

1:1 '-Dinaphthyl, 887d 
2:2'-Dinapbtbyl, 388c 
2:2 -Dinapbtbylamine, 315d 
2:2' - Dinapbtbylamine-7:7'- 
disulpbonic acid, 316c 
1 :1 '-Dinapbtbyl carbonate, 

832c 

2:2 '-Dinapbtbyl carbonate, 

342a 

Dinapbtbyl compounds, 3876 
1:1' - Dinapbtbyl, 4:4' - di - 
amino-, 3886 

2:2' - Dinapbtbyl, 1:1' - di - 
amino-, 388c 

1:1' - Dinapbtbyl - 2:2' - di - 
carboxylic acid, d and Z, 
388d 

Dinapbtbyldicarboxylic 

acids, 388c 

1:1' - Dinapbtbyldisulpbide, 

3736 

2:2' - Dinapbtbyldisulpbide, 

3736 

1:1' - Dinapbtbyldisulpbide, 
2:2'-diiiydroxy-, 3736 
2:2 '-Dinapbtbyl ether, 342a 
1:1' - Dinaphthylsiilpbide, 

372d 

2:2' - Dinapbthylsulphide, 

3736 

1:1' - Dinapbtbylsulphide, 
2:2'-dihydroxy-, 373a 
Dinitrogen tetroxide {see also 
Nitrogen peroxide), 524a 
, structure, 526c 

— trioxidc, 5226 
Dinitrososidphuric an}i>- 

dride, 532c 

Dipbenylnapbtbalenes . 387a 
3:4 - Diphenyl - 1 - napbtbol, 

synthesis, 3876 
Dipole moments, 227a, c 

in structural problorns, 

228fi 

Dissociation constani , 162a 

— in solution. 161r/ 
Distillation, molecular {see also 

Still), 166a 

— , elimination curves, 1726 

“ Doryir 238c 

Double bonds, test for, 494a 
Drop reactions, see also ions and 
metals, 586, 62a 

, “ flotational,” 606 

in macro-analyses, 696, 

70d 

mineralogy and petro- 
logy, 70a 

ultra-violet light, 60c 

, masking, 616 

, metallurgical, 70c 

, selectivity, 61a 

, sensitivity, 59a, c 

Dyes, cotton, 3536 


E 

Ebullioscopic Constant, 1656 
Edwarsite, 4516 
Elaterite, 121a 
El 6 ctrol 3 rtes, 162c 
Electron diffraction, 926 

— lens {see also Microscope, 

electron), B6d 
f magnetic, 866 

— wave, 86a, c 


Elements, atmophil, 144c 
— , biophil, 145a 
— , chalcophil, 144d 
— , fertiliser, 1516 
— , names of, 594f/ 

— , relative abundance, 141a 
— , siderophil. Hid 
— , trace, 1516 
Ezizyme, definition, 612c 
Enzymes in milk, 1076 
Esculetin, 440a 
Ethane, l:l-dichloronitro-, 4976 

1- Etbylnapbtbalene, 400a 

2- Ethylnapbtbalene, 4006 
— deriv. in sea urchin, 401a 
Etbylnaphtbalenes, 399d 
Eqmlenin, 207c 
Eudalene, 378rf, 405a, 406a 
Eudesmol, 406a 

“Eu/an Extra,'' 241c 


F 

F-Acid, 345a 
Faraday’s laws, 92c 
Ferric ion, drop reactions, 646 
Ferromagnesian mica, 65d 
Ferromolybdenum, 217d, 
2186, 220d 

Ferrous ion, drop reactions, 
616 

Feulgen reaction, 6226 
“ Firedampf,” la 
Flax and hemp, proofing, l*7d 
“ Flints ” for lighters, 231a 
Fluomolybdates, 2216 
Fluorescence ami const iUition, 
206, 25a, 436, 456 
Fluoride ion, dro]) reactions, 
646 

Fluorimeters, phot/o-electric, 
459a 

Fluorine nitrate, 540fZ 
Fly agaric, 246c 
“ Folic acid,” 83c 
Force constani of chemical 
bond, 1936 

Fraxetin, fraxidin, 446c 
isoFraxidin, 446rf 
Fraxin, fraxinol, 446c 
Freezing - point depression, 
164a, 2156 

Freund’s acid, 2926 
Fries rc'arTangemerit , 1826 
Fiiranocoumarins, 444d, 447c 


G 

Gallium, drop reaction, 65a 
Gambine-Y, 386c 
y-Acid, gamma acid, 351d 
Gamlerite, 4646, 477a 
Gas densities, dein., 209c 

— storage in adsorbents, 3a 
Glutamine, 836 

Gold, drop reactions, 626 

— number, 4606 
Green, Aceanthrene, 526 

— B, Pigment, 380c 
— , Fast Printing, 3866 
— , Methyl, 19d 

— , Milori, 119d 
— , Mineral, ma 

— , Mitis, 1646 

— , Mittler’s, 155c 
— , Naphthol, 3856 

— ochre, 632a 
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Girgnar d reagont , litbiu 1 1 1 
phenyl, 2116 

Growth fact/ors for micro- 
organisms, 82c 
Guaiene, 8916 
Guyot compounds, 32(i 
“ Gypsum process,” 581c 


« 1 

H- Acid, 8546 

Haemophilus influenza^ media, 
81c 

Helianthin, 20a 
Heliotridane, 234d 
Heliotrine, 284 d 
Hemiarin, 440r/ 
Hexahydronaphthalenes , 

432c 

Hexalin, 409d, 410a, 432c 
Hexamethylanthracenes, 516 j 
Hexasulphamide, 514c 
Hofmann degradation «>f 
amides, 1806 
Holoenzyme, 012c 
H.U.C.R. fuel test, 081 d 
Humidity ami fungoid growth, 
248a 

Hydrazine content in synthetic 
ammonia, 5406, 507a 
Hydrazobenzeno rearrange- 
ments, 183d 

Hydrocar l)on styi)hnates, 4056 
Hydrocoumarin, 440d 
Hydrogen bonds, detection, 
104a 

— from coke-oven gas, 5506 
plios])horus an(i steam. 

5506 

— peroxide, detn., 541c 

— purification, 547c, 549a, d 
Hydronitrous acid, 534 c 
Hydronium ion, [HgOJ+j 001c 
Hydroxylamine from 1 -intro- 

propane, 49()d, 497c 
Hyponitric acid, 5346 
Hyponitrous acid, 532d 
, decomposition, 588c 

— — , esters of, 538d 
, solid, 538c 

— — , structure, 584a 


I 

Ice colours, 877a 
Identity, optical proof of, 209a 
“ Igasiiric acid,” 6316 
IHsemannite, 2176 
Imperatorin, rsoimperatorin. 
4486 

Industrial chemistry litera- 
ture, 615c, 6196 
Inositol, growth factor, 83c 
Intemuclear distance, 1936, 
200a 

Iodide ion, drop reactions, 65a 
“ Ion atmosphere,” 162d 
Ionic conductivities, 93a, 94a 

— migration, 92c 

— mobility, 92d, 93c, d 
- — potential, 149d 

— radii, 146a 

— transport number, 936 
Ions, solvation of, 946, 95a 
Iron nitrides, 645c 
Isomorphous substitution, 

145d 


J 

J-Acid, 3536, 354c, 868a 
Jordisite, 2176 
Joule-Thomson effect, 5006 
Juglone, 3836, 621a 
Jute, heart damage, 98a 


K 

‘ Kalkstickstofi,” 5536 
Kefir, 1166 
Kitol, 1726 

“ K Monel,” 232c, 233c 
Knock effect of engine con 
ditions, 636a 

— inhibitor “ Ethyl Fluid," 
6406 

tetraethyl lead, 640a 

- inhibitors, 639c, d 
Knockmeter, 635c 
Knock of fuels, dein., 635a 
Knock-rating tost, 635c/ 
Koechlinite, 2176 
Kolbe synthesis of salicylic 
acid, 182c 

Kombo butter, 260a 
Koumiss, 116c 
Kupfernickel, 461a 


L 

Lactalbumin, 100c 
Lactoglobulin, 101a 
Lactose, 102a 
Lambert's law, 2026 
” Lanthanides,” 1476 
Laurent’s acid, 305a 
Lead, drop redactions, 666 
Lepidolite, 55c/, 566 
Lepidomelane, 56c/ 

Limettin, 4466 
Limiting concentration, 596 
Limit of identification, 59cr 
Linde’s double column appam 
tus, 503c 

— oxygen process, 5016 
Lindgrenite, 2176 
Lipase, 108a 

Literature, biochemistry, (51 7d 
— , cfiemical, 6136 
— , — , biographies, 615c/ 

- , inorganic chemistry, (5166 
. organic chemistry, 617a 
, physical chemistry, 618c 
Lithia-mica, 55c/, 566 
Lithium, drop reaction, 656 
Lessen decomposition of hy- 
droxamic acids, 1806 
Lovibond Tintometer, 459c/ 
Luvangetin, 449c/, 450a 


M 

Mace butter, 2596 

, American, 260c 

M-Acid, 366a 
Magnesia-mica, 55(/ 
Magnesium, drop reactions, 
606, 656 

Magnetic moments of proton 
and electron, 1596 
Manganese, drop reactions, 
666 

Mang-Koudu, 238a 
Manjeet, 244a 


Mannicb' bases, reaction, 4926 
Manometers, sensitive, 1576 
Marsh gas, Ic 

Maxwell velocities, 157c/, 169a 
Meliatin, 6316 
Melissyl alcohol, 258c/ 

“ Menadione,” 3996 
2-Menaphthyl chloride, 897a 
Mengite, 4516 
Mercarialis spp., 6c 
Mercuric fulminate, 49 la 
Mercury arc lines, 195a 
Mercury, drop reactions, 65ct 
Mesons, cosmic ray, 4026 
Mesothorium, 230ci 
Metabolites, essential, 806 
Metamorphism, 1526 
Metasomatism, 152c/ 

Methal, la 

Methallyl chloride, la 
Methane in coal beds, \a 

- as boiler fuel, 3c/ 

fuel, Xa 

“ ijoo-knocking fuel,” 2c, 

46 

~ . calorific value, 2c 
’ combustion properties, 26 
— , dibromo-, 12a 
— , dichloro-, 11c/ 

— , difluoro-, 11c/ 

— , di-iodo-, 12a 

- engine fuel, 4a 

, improvements, 4c 

, fluoro-, 96 

- - for heating and lighting, 3c/ 
synthetic petrol, 26 

- from coal distillation, Ic/, 2a, 

4a 

- — coke-oven gas, 2a 

- ~ - oil-crncker gases, \d 

- - sewage sludge. Ic, 4a 
— water gas, 2a 

fuel coinpfired with jietrol, 46 
, liydroxy-. 12a 
, ignition temperature, 26 
, inflammability range, 26 
. iodo-, 10a 

, intro-, /IS solvent, 4906 
, — , from ehloroacetic acid, 
4896 

, physic/ll constants, la 

— , properties of compressed, 

la, 2d 

— , licjiiid, la, 36 

— sources, 1 a 

, storage, 2d 
sulphonic acid, 11c 
sulphonyl chloride, 1 Ic 
ietranitro-, 494a 
, trinltro-, 493c/ 

Methanol, 15a 
'*Methedrine” 4c/ 

Methine bases, 4c/ 
Methionine, 4c/ 

— , detn., 56 

— , detoxicating action, 6c/ 

— , metabolism, 56 
syntheses, 6a 
— , trideutero-, 5c 

— with labelled sulphur, 5c 
Methoxyanthrones, 43a, 446 
Methyl alcohol, 12c 

catalysts, 16c 

, copper, 17a 

, cojiper-chromiura, 17cr 

, copper--zinc, 176 

, effect of iron, lid 

, evaluation, 17a, 196 

, zinc, 10c/ 

, zinc-chroraiuin, 10a 
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Methyl alcohol catalysiB, zinc- 1 
chromhiTti-alkali, 16c 

— , zinc - copper - chroni- 

iuni, ]7o 

— — , zinc -iron -cadtniuin, 

17^/ 

“ — , chlorination, 19c 

, corrosion by liquid, 15c 

-- — , dccomx^OHition reactions, 
17a, 10a 

— — , dehydration, lO/j 

— — , detection, 

■ — dctn., JHd 

-- ~ Irom coke-oven gas, ina 

methane-steam, 15a 

- reduction of oxides of 
carbon, 13c 

water gas, ltd 

-- wood distillation, 12(/ 1 

- oxidation, 10c 
, sources, 12c 

— — , synthesis, 14c 

— — — from fermentation gas, 

156 

— gas, 14c 

, ct)inpi‘ossion, 16c 

^ X'^id<5*^^don, 156 

history, 14a 

, side reactions, 13c? 

, synthetic, distillation, 

18a 

, — , industrial, 13c 

, — , separation, 17cZ 

Methylamine, 6c 

— derivs., la 

— , identification, la 
— , plants containing, Cc 
Methylaznines and ammonia, 
separation, 66 

— , physical properties and 

derivs., 6a 

Methylamine, uses, la 
Meth^laxninomethyl alcoliol, 

“ Methylanot” 20a 
Methylanthracene and other 
substituted anthracenes 
{see also Anthracene, Alkyl- 
anthracenes), 20a 

1 - Methylanthracene, 4Ga 

— m.p. anomaly, 466 

2- Methylanthracene, 466 
9-Methylanthracene, l:5-di- 

chlorobromo-, tautomeric, 
866 

J5z-Methylanthracenes hy 

sx)ecial methods, 4r)C, 46a 

— from anthraquinones, 456, d 
o-benzoylbenzoic acids, 

456, d 

o-benzyltoluenes, 456, d 

Friedel-Crafts reactions, 

466, c 

phenyl -o-tolyl ketones, 

456, c 

2-Methylanthraquinone, 46d 
Methylated spirit, 64d 
Methylaurin, 54d 
Methylbenzanthr ones , 31a 
Methyl bromide, 9c? 

, fire extinguisher, 10a 

Methylchloramine, la 
Methyl chloride, 96 
, refrigerant, 9d 

— chlorosulphonate, 10c? 

— compounds,^6a 

— tsocyanate, Be 

— cyanide, 86 

— wocyonide, 8c 
Methyldiehloraxxiixie, lb 


Methyldiphenylamine, 54d 
Methylene, 11c 

— bromide, 12a 

— hromoiodido, 12a 

— chloro bromide, 12a 
chloride, lid 

— chloroiodide, 12a 
diacetate, 126 
diamine, 126 
dibenzoato, 126 

■ - diformamide, 126 
“ fluoride, lid 

— fiuorochloride, lid 
fluoroiodide, lid 

Methylene - bis-4-hydroxy - 
3-coumarinyl, 4476 
Methylene iodide, 12a 
1 - Methylene-1 :2 :3 :4-tetra - 
hydronaphthalene , 4 2 7 rr 
Methyl esters, 19a 

— ether, «ym-dichloro-, 96 

— fluoride, 96 

— formate, 19d 
Methylglyoxal, 54d 
“ Methylhexalin” 54d 
Methylhexanone, 54 d 
Methyl hydrogem suJidiate, lOd 
sulphide, lOc 

sulphite, lOd 

— iodide, lOa 
Methylketen, 54d 
Methyl mt'rcaptan, lOc 

— mustard oil, 8d 
1-Methylylnaphthalene refer- 
ence fuel, G42a 

Methylnaphthalenes, 389a, 
390a 

— , amino-, 395, 398a 

1- Methylnaphthalenes halo- 

geno-, 3936 
— , hydroxy-, 396a 
— , nitro-, 394a 

1 - Methylnaphthalene - snl - 

phonic acids, 391d 

2- Methylnaphthalenos, acvl-, 

399d 

— amino-, diazo derivs., 398a 
— , halogeiio-, 397</ 

liydroxy-, 398d 

— , nitro-, 3976 

2 - Methylnaphthalenesul - 

phonic acids, 397d 
2 - Methyl-1 :4-naphthaqui - 
none, 83c, 399a 
, alkylation, 399c 
Methyl nitrate, lOr 
nitrite, 106 

Methylnitroamine, 76 
Methylisopropylnaphtha - 
lenes, 405 
Methyl radical, 5d 

— - sulphate, dichloro-, 116 
-- sulphonic acid, 1 Ic 

- sulphuric acid, lOd 
ar-2-Methylt0tralin, 427a 
Methyl tetralins, 427a 
Methyl thiocyanate, 8d 
Methylthionamic acid, 76 
Methysticum, 54d 
Metmyoglobin, 64d 
Methyl isotliiocyanate, 8d 
Metol, 55a 
“ Metramine,^^ 55a 
“ Metrazol” 

Mettega^ method, 55a 
“ Metycaine,^* 55a 
Mexican buckeye oil, 55a 
Miargyrite, 556 
Mianm, 556 
Mica, 556 


“ Micanite,” 506 
Micelle, 57a 

— - conductivity, 956 
Michael condensation, 58a 

— reaction, 58a 
Michler’s ketone, 58a 
Micranthine, 5Stc 
Micro-analysis, organic, 7 Id 
Micro- and seini-micro- 

qualitative analysis, 70a, d 
Microbalances, 5Sa 
Micro-centrifuging, 73d 
I Microchemical units, 59a 
Microchemistry, 58a 
Microcline, 79d 
Microcosmic salt, 80a 
1 Micro-crystallisation, 74a 
Micro-detn., active hydrogen, 
78a 

, hoinh method, arsenic, 

75d, 77a 

— . ^ halogens, 75d 

^ ^ sulx>hur, 75d, 76c 

, b.p., 726 

carbon and hydrogen, 

17 c 

, critical temijcratures, 

73a 

, molecular woiglit, 74d, 

214a, 21 5d 

— , Jinj)., 7 16 

Micro-distillation, 746 
Micro-filtration, 73a 
Microlite, 80a 

Micro-organisms and aneu- 
rin, 81c‘, 82c 

» growth factors for, 806, 

82o 

— - — , nutrients of, 80c 
Microphyllic acid, 84 d 
Microscope, electron, 84d 
— , electron, applications, 89c 
— , — , comx)ound, 88d 

— , — , })roduction of, 80c 

— opt ical, devcloxjment, 856, 

88a 

Micro-sublimation, 71a 
Miersite, 92c 

Migration between O, N, S, 
etc., 185c 

— carbon to carbon, 1756 
nitrogen, etc., 180a 

— from side chains into rings, 

181c 

in heterocyclic compounds, 
]84d 

of amino groups, 183c 

- halogens, 40a, 182d 

- hydrocarbon groups, 181d 

— hydroxyl groups, 183a 

— methyl groups, 45c 
— O -alkyl group, 38a 

sulphonic, nitro, and 

nitroso groups, 182c 
Milch den, 956 

IMildew- and rot-proofing of 
textiles, 956 

Mildew-proofing, chromium 
compounds, 96d 

, zinc chloride, 966 

Milfoil, 986 
Milk, 986 
— , acidity, 107c 
— , aldehydrase, 108c 
— , amylase, 108c 

— analysis, 116c 

— ash, composition, 102c 

— , average composition, 99a 

— ^ ^ factors affecting, 

lOdd, 105c 
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Milky bacteria. Ilia 
— , calcium caseinate and pbos- 
X)hate, 1036 

— casein, 99(? 

— catalase, 109a 

— , catiiphoretic behaviour, 

1066 

— , colour, 105d! 

— , colouring matter and pre- 
servatives, 118c 
— , “ condensed,” 114c 

— constituents, 99c 
— , curd types, 109d 

— , dehydrogenases, 108c 
— , depression of frezing-point , 
107a 

— , effect of heating, 113d 
— , electrical conductivity, 1066 
— , enzymes, 1076 
— , evaporated ,114c 

— fat, adsorbed layer on, 102</ 

— fatty phase, 99c 

— , “ Hash ” pasteurisation, 

1 13c 

— flavours, natural and de- 

veloped, 112o 

— “ holder ” pasteurisation, 

1136 

— , homogenisation, 1 1 4a 
— , irradiation, 1146 

— lipase, 108a 

— , mammalian, composition, 
98c, 117a 

— , metallic oontaminaf ion. 

1136 

— , nutritional value, 109a 

— peroxidase, 108d 

— l)hosphate, 108a 

— - ]>rotease, 1086 
— , rancid, 113o 

— ", redox potential, 1006 

— refractive index, 106c 

— , residual nitrogenous bodies 
in, 101a 

— separation, 115a, 116a 
— , soluble proteins, 100a 
— , sour, analysis, 119a 
— , specific gravity, 106c 

— sterilisation, 113c 

— trace elements, 102c 

— -tree wax, 1196 

— , tuberculin-tested, accredit (‘d 
and pasteurised, 1116 
• — , viscosity, 106a 
* — vitamines, 110a 
Millerite, 1196, 4776 
Millon’B reagent, 119c 
Mimetite, 120a 
Mimosa, 120a 

— bark, 120a 
Mimosine, 120c 
Minasragrite, 120d 
Mineral caoutchouc, 121a 

— cotton, 121a 

“ Mineral Khaki,” 9Qd 
Mineralogy, 121a 
Minerals, geochemistry of, 
143d 

— , oxidation and reduction 
potentials, 151d 
— , Ji-ray analysis, 121c 
Mineral waters, 121a 
Minervite, 1^6 
Minette, 1536 
Minioluteic acid, 153c 
Minium, 153c 
Minofer, 163c 
Minyak nyatoh, 153d 
Mio&ie, 163d 
MirakiUte, 153d 
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Mirbane, essence of, 154a 
Mischmetall, 154a, 231a 
Miscibility of liquids, ir>4a 
Miso, 154a 
Mispickel, 154a 
Mists, particle size in, 1546 
“ Mitigal” 1646 
“ Mitin FF,” 241d 
Mitrag 3 rna, alkaloids, 154c 
Mitragynine, 154c 
Mitrapnylline, 1556 
Mitraspecine, 155a 
Mitraversine, 154d 
Mitrinermine, 155a 
Mitscherlich pulps, 155c 
Mixed crystals, 155c 
Mixtures, azeotropic, 155c 
Mkanyi fat (Msambo fat), 155c 
M.N.T., 155d 
Mocha-stone, 155d 
Mochyl alcohol, 155d 
Moddite, 155d 
Moebius process, 155d 
Mohair, 155d 
Mohawkite, 155d 
Mohri, 155d 
Mohua butter, 155d 
Moird m6talliaue, 155d 
Moissanite, lo5d 
Molar (mol.) fraction, 156a 
Molecular beams, detection, 
156d 

, kinetic theory, 157c 

, magnetic deflection, 158c 

or rays, 1566 

, reflection, 158a 

— configuration, detn., 192a 

— depression and elevation con- 

stants, 164a 

- extinction coefficient e. 2026 
" l earrangements {see also Mi- 
gration), 174d 
, ammonium cyanate, 185a 
, anionotropic, 175a 

— — , benzilic acid, 179c 

, cationotropic, 175a 

, double bonds, 175d 

, glycols, 1786 

— influence of substituents, 
1766 

, oxime picrates, 1816 

, prototropic, 175a 

, saturated hydrocarbons, 

1756 

, stereochemical effects, 

179a 

, structural, 174d 

, unsaturated hydrocar- 
bons, 176d 

— still, see Still, molecular 
vibrations, fundamental fre- 
quencies, 1896 

— weight detn., 209c 

, micro-detn., 214a, 2156 

of solids, 2166 

— , diatomic, potential energy 
curves, 1976 
Molybdates, 222a 
Molybdenite, 2166, 2176 
Molybdenum, 2i6d 

— alloys, 2206 

— , as trace element, 217c, 586a 
” Molybdenum Blue,” 217c, 
222c 

Molybdenum boride, 2266 

— bromides, 224a 

— by hydrogen reduction, 2186 

— carbides, 226a 

— carbonyl, 226a 
concentrates, reduction, 217d 


Molybdenum cyanogen com- 
pounds, 225a 

— detn., colorimetric, 226a 

, gravimetric, 226d 

, volumetric, 226a 

— dichloride, 223d 

— dioxide, 2216 

— , drop reactions, 60a, 225c 

— effect on Azotobacterf 686a 

— extraction processes, 218c 

— iodides, 224a 

— minerals, 2176, 226a 

— nitrides, 22 4d 

— , occurrence, 217a 

— oxychlorides, 223c, 224c 
-- oxyfluorides, 224a 

— pentachloride, 223c 

— pentoxide, 221c 

— phosphates, 22 4 d 

— ]>h<)8phide, 224d 
— ])roj)erties, 2196 

— , (|ualitative reactions, 2256 

— selenides, 2236 

— sesquioxide, 2216 

— solickle, 22 4d 

— sulphates, 223a 

— sulphides, 222d 
tetrachloride, 223c 

— trichloride, 223c 

— trioxide, 221c 
— , uses, 220a 
Molybdenyl chloride, 2246 
Molybdic acid chloride, 224c 

— acids, 22 Id 

Molybdic-oebre, 2176, 2266 
Molybdite, 2176, 2266 
Moments, electric dipole, 226c 

, detn., 160a, 2276 

— , nuclear, magnetic, detn., 
159c 

Momentiun, angular, mole- 
cular, 22 9d 

Momordica fat, 229d 
Monardssin, 230a 
Monardin, 230a 
Monascin, 2^a 
Monazite, 230c 

— sand, 4616 

, radioactive, 4516 

Mond gas, 231a 

— nickel process, 465d 
“ Monei;^ 231a, 477c 

— at low temperatures, 233d 
— , resistance to corrosion, 233d 
— , varieties, 231d 

Monite, 2346 
Monkey nuts, 2346 
Monobel, 2346 
Monobromoamine, 513a 
Monochromatic radiation, 
195a 

Monocrotaline, 2346 
Monogermane, 2856 
Monolayers, 2356 
Monotropin, 2356 
Monotropitin, 2356 
“ Montamn*' 235d 
Montanone, 285c 
Montan wax, 2356 
Montebrasite, 235d 
Montmorillonite, 235d 
Montroydite, 2366 
Moonstone, 2366 
Moor-stone, 2866 
Mordants, 2366 
Morenosite, 230b^A14rd 
Morganite, 2866 
Morm, 2366 

Morinda eUrifolia, 236c, 288a 
Morinda dyestuff, 237c 
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Morinda longiflora, 237d 
“ Morinda Root” 230c 
Morinda sjop., 238a 

— tincioria, 230c 

— umbellata, 238a 
Morindin, 230c 
Morindone, 230d^ 

Moroxite, 238c 
Morphig^enine, 238c 
Morphine, 238c 
Morrhuic acid, 238c 
Morse equation, 2‘AHr 
Morus spp., 24 3^ 

“ Moryl” 238c 
Mosaic gold, 238c 
Mosandrite, 238c 
Moseley's law, 238^/ 

Moslene, 238d 
Mo ther-of “Pearl, 238d 
Mothproofl^, chemical, 230d 
— , fluori(h^s in, 24()a 
— , mechanical, 230c 

— of textiles, 239a 

— organic substances, 240d 

— standards, 242a 
Moth“reBiBting fibres, 2396 
“ Motor method,” 035d 
Mottramite, 2426 
Moulds, 2426 
Mountain Ash, 2426 
Mountain-cork, -flax, -leatln^r 

-wood, 242d 
Mowrah butter, 242d 
Mucic acid, 242d 
Mucilages, 243a 
Mucins, 2436 
Muconic acid, 2436 
Muguet, 2436 
Mulberry, 2436 

— paper, 244a 
Mullite, 244a 
Multiflorin, 244c 
Multifunctional additives, 244c 
“ Mumetal” 244c 

Mundic, 244c 
Munjeet, 244c 
Munjistin, 244d 
Muntenite, 24 4d 
Mur ex, 244d 
Murexide, 245a 
Murexoin, 245d 
Mxirlins, 240c 
Muromontite, 24Gc 
Mturumuxu fat, 240c 
Muscarine, 246c 
— , constitution, 247a 
Muscaruiln, 2476 
Muscone, 247c, 253d 
Muscovite, 55c, d, 247c 
Museum specimens, corrosion 
of metal, 249d 

, preservation, 247c 

Mushroom, 252d 

— vitamins, 263a 
Musk, 2^6 

— ambrctte, 254a 

— Baur, 268d 
— , ketone, 254a 
— , xylene, 263d 
Mustard, 2546 
— , analyi^, 266d 

— , essential oil, 256a, 256d, 
056o 

— , fatty oil, 266c 

— fungicide, 260a 

— gas, 267a 

— oils, 265a, c, 2666 

— standards, 2556 
Mutarotation, 257a 
Mutase, 257a 


Mycodextran, 257a 
Mycogalactan, 257a 
Mycophenolic acid, 257a 
Mycose, 257a 
” Myochrysin” 2576 
Myoctonine, 2576 
Myoglobin, 2576 
Myokynine, 2676 
” Myosalvarsan” 2576 
Myosin, 2576 
Myrcene, 2576 
Myrcenol, 2576 
Myricacese 257c 
Myrica nagU 257c 
Myricetin, 257c 
Myricin, 258c 
Myricitrin, 257c, 258a, d 
Myricyl alcohol, 258d 
Myristicaceae app., 2596 
Myristic acid. 259a 
Myristica fats, 259a 
Myrobalans, 260d 
Myrosin, 254d, 255a 
Myrrh, 260d 
d-Myrtenal, 2616 
d-Myrtenol, 261c 
Myrticolorin, 261c 
Myrtillidin, 261c 
Myrtillin, 261c 
Myrtle oil, Myrtol, 261d 
- -- wax, 262a 
Mytilitol, 262a 
Myxoxanthin, 2026 


N 

Naadsteenen, 2626 
Nacrite, 2626 
Nagyagite, 2626 
Nahcolite, 262c 
Nail-head spar, 262c 
Nandinine, 202c 
Nankin, 262c 
Naphtha, 262c 
Naphthacene 262d 
Naphthacenequinone, 263(c 
1 -N aphthaldehyde, 373c 
2-Naphthaldehyde, 373d 
1-Naphthaldehyde, 3-hydi- 
oxy-. 373d 
Naphthalene, 2636 
a- and ^-Naphthalene derivs., 
see 1- and 2 -Naphthalene 
derivs. 

Naphthalene, action of metals 
on, 412a 

— additive compounds, 2686 
— , analysis, 266a 
— , 1-bromo-, 2796 

carboxylic derivs., 374a 

— chlorides, 277c 
- , l-cbloro-, 2766 
-, 2-chloro-, 2736 

— derivs., alicyclic - aromatic. 

425c 

— , coupling rules, 2726 

in plants, 406a 

, sulphonic acids, trivial 

names, 2726 

— — , dlazo-compounds, 2726 

periNaphthalenediamine , 

320d 

Naphthalene, 1:2 - diamino -, 
3266 

— , l:3-diamino-, 826d 
— , l:4-diaaiijio-, 320a 
— , l:5-dlamino-, 3266 
— , l:6*diamino-, 326c 
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Naphthalene, 1:7 - diamino -, 
326d 

— , l:8-diamino-, 320d 
— , 2:3-diamino-, 3276 
— , 2:6-diamino-, 827c 
— , l:4-diamino-2:3-dihydroxy-, 
371a 

l:6-diammo-4:6-diliydroxy- . 
371a 

, 1 :8-diamino-2;7-dihydroxv- . 
371a 

Naphthalene - 1 - diazo - 2 - 
oxide-4-sulphonio acid, 
274c 

- ' - 2 - diazo - 1 - oxide - 6 - 

nitro-4-sulphonic aci d , 

275a 

1:2- dicarboxylic acid , 

378c 

1:3- dicarboxylic j icid , 

378c 

— 1:4- dicarboxylic .acid , 
878c 

1:5- dicarboxylic acid, 

378d 

- -1:6- dicarboxylic acid , 

378d 

1:7- dicarboxylic acid , 

378d 

1:8- dicarboxylic acid, 

378d 

2:3- dicarboxylic acid , 

3796 

2:6- dicarboxylic acid , 

3796 

2:6 -dicarboxylic acid, 

l:5-dihydroxy-, 379d 

2:7- dicarboxylic a cid , 

3796 

3:6- dicarboxylic acid, 

2:7 -dihydroxy-, 379d 
N aphthalenedicarboxylic 

acids, 378c 

Naphthalene, l:4-dichloro-, 

276c 

, l:2-dihydroxy-, 363d 
, l:3-dihydroxy-, 304a 
l:4-dihydroxy-, 304a 
l:5-dihydroxy-, 3046 
— , l:6-dihydroxy-, 304 c 
— , 1; 7-dihydroxy-, 305a 
— , l:8-dihydroxy-, 305a 
— , 2:3-dihydroxy-, 365c 
— , 2:6-dihydroxy-, 365d 
— , 2:7-dihydroxy-, 300a 
— , l:3-dimtro-, 294a 
— , l:5-dinitro-, 294a 
— , l:8-dinitro-, 294d 
Naphthalene - 1:5 - disul - 
phonic acid, 283d 

1 :6-diBulphonic acid, 2846 

1 :7-disulphomc acid, 284d 

-1 :8-disulphonic acid, 284d 
-2:6-disulphonic acid, 285a 
-2:7-diBUlphonic acid, 2856 
-3:6-disulphonic acid, 1:8- 
dihydoxy-, 370a 

„ ^ l-nitro-, 2926 

Naphthalene - 3:8 - disul - 
phonic acid, l-nitro-, 292d 
N aphthalenedisulphonic 
acids, 283a 

, diamino-, 330a 

, dihydroxy-, 369a 

, dinitro-, 205d 

Naphthalene, formuke, 2686, 
2d9d 

— , hexabromo-, 279d 

- hydrogenation, high pres- 

sure, 411 
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Naphthalene hydrogenation, 
M 0 O 3 , WOo catalysts, 4116 

, MoS«, WSo catalyst-s, 

4116 

, Ni catalyst, 411a 

, temperature effects, 411 « 

to decalin and tetraliu, 

4116 

— , 1 -hydroxy-, 3316 

, 2-hydroxy-, 340rf 

NaphthalenemonosTilphonic 
acids, 2806, 307 

, diamino-, 328a, 320a 

™ — , dinitro-, 2956 
Naphthalene, 1-nitro-, 2746, 
2886 

— , — , in Bucherer’s reaction, 
2746 

- — , — , oxidation, 268a 
— , 2-Tutro-, 289c 
■ — , octachloro-, 276c 
— , oxidation, 2676 
— , production, 2666 
— , properties, 2656 
— , purification, before hydro- 
genation, 413c 
— , reduction, 2676, 4096 
Naphthalenes, alkylated, 3906 

— , aminodihydroxy-, 370 
■ - , chloro-, 275a, 276c 

— , chlorodinitro-, 297d 
— , chloronitro-, 296d 
— , diamino-, 324d 
— , diaminotlihydroxy-, 371a 
-- , dichloro-, 2766 

— , dichlorodinitro-, 298a 
— , dichloronitro-, 297c 
— , dihydroxy-, 3636 

— , hydrogenated, 4096 
•“ , — , isomeric, 414c 

- — , nomenclature, 409d 
— , — , preparation, 4106 
— , iodo-, 280a 
— , mononitro-, 2886 
— , nitro-, 288a 

Naphthalene - sodium com- 
pound, 412a 

Naphthalenes, substituted. 

hydrogenation of, 412c 
— , t-etranitro-, 296c ’ 

— , triamino-, 381a 
— , trinitro-, 2966 
— , substitution in, 268d! 

— , sulphonation, 271a 
Naphthalene - 1 - sulphonic 
acid, 2806 

2 -sulphonic acid, 282a 

— -4-sulphonic acid, 1 -chloro-, 

278a 

Naphthalene - 5 - sulphonic 
acid, 1-chloro-, 278a 

— . — ^ 1-nitro-, 290c 

Naphthalene - 6 - sulphonic 

acid, 2-chloro-, 278d 

— ^ 1-nitro-, 290d 

S'Sulphonic acid, 1-nitro-, 

291c 

Naphthalenesulphonic acids, 
270d:, 2806 

, alkylated, 3936 

, chloro-, 277d 

, diamino-, 327d 

, dihydroxy-, 3666, 369a 

, isomeric change, 271a 

, nitro-, 289<i 

Naphthalene - 7 - sulphonic 
acids, l-amino-2-alkoxy-, 
354a 

Naphthalene, sulphur derivs., 
3726 


Naphthalene, tests, 265d 
Naphthalene - 1:4:5 :8 -tetra- 
carboxylic acid, 380a 
Naphthalene, 1:2:3:4 - tetra - 
hydroxy-, 371d 

— , l:4:5;6-tetrnhydroxy-, 372a 

— , l:4:5:8-tetrahydroxy-, 372a 
Naphthalene - 1:3:5 :7 -tetra- 

sulphonic acid, 287c 
Naphthalene tetrasulphonic 
acids, 2876 

Naphthalene, l:2:6-triairiino-, 
331a 

— , l:3:6-triamino-, 331a 
— , l:3:7-lriamino-, 331a 
N aphthalenetricarboxylic 
acid, 380a 

Naphthalene, I:2:3-trihydi- 
oxy-, 371a 

— , l:2:4-irihydroxy-, 3716 
— , 1:3; 5-trihydroxy-, 3716 

l:3:6-irihydroxy-, 3716 

— , l:4:5-trihydroxy-, 371c 
— , l:4:6-trihydroxy-, 371c 
— , 1:0: 7-trihydroxy-, 37 Id 
Naphthalene - 1:3:5 - trisul- 
phonic acid, 280a 
Naphthalene - 1:3:6 - trisul- 
phonic acitl, 280c 
Naphthalene - 2:4:5 - trisul- 
phonic acid, l:8-diainino-, 
3306 

N aphthalenetrisulphonic 
acids, 285d 

, nitro-, 2936 

Naphthalene, uses, 266c 
waxes, chlorinated, 2776 
Naphthalic acid, 378d 
^ mercurat ion, 379a 

— acids, hydroxy-, 379c 
Naphthanil, 439a 

N aphthaphenanthridine a 1 - 
kaloids, 439a 

Naphthaphenazine, 439a 
Naphthapurpurin, 384c 
1 :2-Naphthaqumone, 380d 
1:2 - Naphthaquinone - 2 - 
< oxime, 385a 

1:2 - Naphthaqtmone - 4 - 
sulphonic acid, 884d 
1 :4-Naphthaquinone, 3816 
— , condensations, 38 Id 
— , 2;3-dichloro-, 382d 
— , 2:3-dibydroxy-, 383d 
— , 5:8-dihydroxy-, 384a 
— , 6: 7-dihydroxy-, 384c 

— from p-benzoquinone, 27a 
— , 2 -hydroxy-, 382d 

— , — , and o-phenylene di- 
amine, 383a 

— , 5-hydroxy- {see also Nucin), 
3836 

1:4 - Naphthaquinone - 4 - 
oxime, 3856 

1 :4-Naphthaquinone reaction 
with butadiene, 3826 
Naphthaquinones, 380a 
— , hydroxy-, 382d 
— , phenylhydrazones, 2736, 

381a, 3826 
— , tests, 380d, 381c 
1:4- Naphthaquinone-2-sul- 
phonic acid, 385a 
1 :4-Naphthaquinone, 5:6:8- 
trihydroxy-, 384c 
2:6-Napht]iaquinone, 882d 
Naphthastyril, 439a 
Naphthasmtam derivs., 3116 
Naphthasultamdisulphonic 
acid-D, 312a 


Naphthasultamdisulphonic 

acid-€, 312a 

Naphthasultam - 2:4 - disul- 
phonic acicl-S, 31 Id 
Naphthasultam - 3:6 - disul- 
phonic acid, 312a 
Naphthasultsun - 4 - sul - 
phonic acid, Slid 
N aphthasultamtrisulphonic 
acid, 302a 

Naphthasultsun - (2):4:6-tri- 
sulphonic acid, 3126 
Naphthasultam - 3 : (4 ) :6-tri- 
sulphonic acid, 312a 
Naphthasultone, 3356 
Naphthasultone - 4 - sul - 
phonic acid, 337a 
1 - Naphthasultone - 5 - sul- 
phonic acid, 337a 
Naphthazarin, 384a 
“ Naphthazole” 439a 
Naphthenic acids, 439a 
— , detn., 442c 
-, formuhe, 440d 
-, salts, 44 Id 
— , uses, 441c 
Naphthidine, 3886 
Naphthionic acid, 3046 
Naphthite, 4436 

1- Naphthoic acid, 374a 

— , 2-arnino-, 374c 

5- amino-, 374d 

— , 2:7-dibydruxy-, 378a 

, 3-liydroxy-, 375c 

4-liydroxy-, 3750 

- -, 5-liydr()xy-, 375c 

6- hydroxy-, 375d 
— , 7-hydroxy-, 375c 

- , 8-hydroxy-, 375d 

2- Naphthoic acid, 3746 
, 3-amino-, 37 Id 

, l:7-dihydroxy-, 3786 

- , 3:5-dihydroxy-, 3786 

- , 3:7-dihydroxy-, 3786 
- — , 4:6-dihydroxy-, 378c 

— , 1 -hydroxy-, 375d 
— , 3-hydroxy-, 3766 

- , 4 -hydroxy-, 377d 
— , 5-hy(lroxy-, 377d 
— , 6-hydroxy-, Slid 

3- Naphthoic acid, 2-hydroxy- 

3756, 3766 

, — , “ arylidcs,” 377a 

Naphthoic acids, 375a 

, amino-, 374c 

, dihydroxy-, 378a 

“ Naphthol AS,” 377a 
1-Naphthol, 3316 
— , 2-amino-, 351c 
3-chloro-, 338a 
, 4-chloro-, 3386 

— coupling rule, 272d 

, colour reactions, 382a 
— , detn., 3326 

l-Naphthol-2 :4-dicarhoxylic 

acid, 379c 

1-Naphthol, 2:4-dichloro-,338a 
— , 2:4-dinitro-, 3396 
— , 4:5-dinitro-, 839c 
— , 4:8-dinitro-, 839d 
1 - Naphthol - 2:4 - disul - 
phonic acid, 335c 

2:5-disulphonic acid, 336c 

2:7-disulphonic acid, 835d 

3:5-disulphonic acid, 335d 

— -3:6-^SUlphonic acid, 835d 
3:6-disulphonic acid, 8- 

chloro^, 338c 

3:7-di8ulphonio acid, 336a 

3:8-disulphonio acid, 330a 



l>Naphthol->4 :6~disulphomc 

acid, 836c 

4:8~disulphomc acid, 330d 

5:7»disulphonic acid, 337a 

5:8-disi]lphoiiic acid, 337a 

6:8~diBulphonic acid, 337b 

1 - Naphthol hydrogenation 

products, 412c 

— , 4-methoxy-, dyes from, 3S7d 

2-raethyl-, 398fZ 
— , 2-nitro-, 33Hd 
— , 4-nitro-, 339a 
— , n-nitro-, 839a 
— , d-nitro-, 3316 
— , 8-nitro-, 3396 
— , 2-nitroso-, 386a 
— , 4-nitroso-, 3826, 3866 

2- Naphthol, 340d 
' , 1 -amino-, 350a 

1-chloro-, 3486 
, l-chloro-O-brorno-, 319a 
— , 3-chloro-, 348c 
- , 4-chIoro-, 348d 
— , 6-chloro-, 348d 
-- , 6-chloro-, 34Hd 
— , 7-chloro-, 348<i 
— 8-chloro-, 348d 
— , colour reactions, 341c 
— , detn., 341d 

2 - Naphthol - 3:6 - dicar - 

boxylic acid, 379c 
2~Naplithol l:3-dichloro-, 348d 
— , l:4-dichloro-, 349a 
— , 1 ;6-dmitro-, 349c 
— , l:0-dinitro-, 349c 
— , 1 :8-dinitro-, 349c 
— , 4:5-dinitro-, 349c 
2 - Naphthol - 1:4 - disul - 
phonic acid, 345r/ 

1 :5-disulphonic acid, 345d 

1 :6-disulphomc acid, 34 5d 

1 :7-disulphonic acid, 816a 

3:6-disulphonic acid, 34 6a 

3:7-disulphonic acid, 316c 

4:7>disuIphomc acid, 34 (id 

4:8-disulphomc acid, 346d 

5:7-disulphonic acid, 316d 

6:8-disulphonic acid, 347a 

2 - Naphthol hydrogenation 
products, 413a 
— , 1 -methyl-, 396a 
— , — , and nitrous acid, 39()6 
— , 1-nitro-, 349a 
— , 4-nitro-, 349a 
— , 5-nitro-, 3496 
— , 6-nitro-, 3496 
— , 8-nitro-, 3496 
— , 1-nitroso-, 3806, 385d 
— , — , lake, 380a 
N aphttiolmonosnlphonic 
acids, amino-, S62c 

3- Naphthol, 1 -amino-, 3506 
— , 2-amino-, 351d 

4- Naph^ol, 1 -amino-, 350c 
— , 2-amino-, 352a 

5- Naphthol, 1 -amino-, 350d 
— , 2-amino-, 352a 

6- Naphthol, 1 -amino-, 351a 
— , 2-amino-, 852a 

7- Naphthol, 1 -amino-, 3616 
— , 2-amino-, 3626 

— , aroyl-l -amino-, for cotton 
dyes, 350a 

8- Naphthol, 1 -amino-, 361c 
— , 2-amino-, 362c 

8 - Naphthol - 3:6 - disul - 
phonic acid, 1 - amino -, 
3646 

Naphthols, 331a 
— , atnino-, 849d 
VOL. vni..~43 
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Naphthols, bisulphite reaction, 
273o 

1-Naphthols, bromo-, 3386 
Naphthols, diamino-, 362a 

1- Naphthols, halogeno-, 338a 

2- Naphthols, halogeno-, 348a 
1-Naphthols, nitro-, 338c 

1 - Naphthol - 8 - sulphon - 
amide - 4 - sulphonic 
acid, 337a 

2-sulphonic acid, 3336 

3-suIphonic acid, 333d 

4-8ulphonic acid, 334a 

— - — , 2-nitro-, 3466 

^ 2-nitroso-, 385a 

1 - Naphthol - 5 - sulphonic 

acid, 334c 

6-sulphonic acid, 334 d 

7-sulphonic acid, 334d 

— ^ 2:4 - dinitro -, 

3406 

, 2-nitro-, 3406 

, 4 - nitro - 2 - 

amino-, 36 Id 

1 - Naphthol - 8 - sulphonic 

acid, 335a 

> ^ 2:4 - dinitro-, 

340c 

2 - Naphthol - 1 - sulphonic 

acid, 3436 

3-8ulphonic aci<l, 3346 

4-8ulphonic acid, 3446 

, 1 -amino-, 353c 

— ^ (?) - nitro - I - 

amino-, 3()16 

2 - Naphthol - 5 - sulphonic 

acid, 314c 

6-siilphomc acid, 344c 

— ^ 1 -amino-, 354a 

2 - Naphthol - 7 - sulphonic 

acid, 3426, 345a 
8-siilphomc acid, 3456 

3 - Naphthol - 6 - sulphonic 

a<;id, (8) - nitro - 2 - amino-, 
362a 

4 - Naphthol - 6 - sulphonic 

acid, 3 -nitro-1 -amino-, 361d 
6 - Naphthol - 7 - sulphonic 
acid, 2-annno-, 3536, 354c 
8 - Naphthol - 4 - sulphonic 
acid, l-ainino-, 35ia 
8 - Naphthol - 6 - sulphonic 
acid, 2-ammo-, 354d 
Naphtholdisulphonic acids, 
amino-, 3586 

Naphtholsulphonic acids, 
amino-, 352c 

, — , azo derivs., 353a 

, — , constitution, 353a 

, nitrodiazo-, 362a 

1 - Naphtholsulphonic acids, 

302c, 332c 
, chloro-, 338c 

2- Naphtholsulphonic acids, 

3426 

1- Naphthol, 2:4;6:7-tetranitro-, 

340a 

2- Naphthol -1:3:6 :7 - tetra- 

sulphonic acid, 347d 
1 - Naphthol, 2:4:5 - trinitro-, 
839d 

— , 2:4:7-trinitro-, 339d 
— , 2:4:8-trinitro-, 340a 
— , 4:6:7- or 4;6;8-trinltro-, 340a 

1 - Naphthol - 2:4:7 - trisul - 
phonic acid, 8376 

— -2:4:8-trisulphonic acid, 

337c 

3:5:7-tri8ulphonic acid, 

837d 
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1 - Naphthol - 3:6:8 - trisul- 

phonicmcid, 337d 
2-amino-, 3016 

1 - Naphthol - 4:6:8 - trisul - 

phonic acid, 338a 

2 - Naphthol - 1 :3 :7 - trisul - 

phonic acid, 3476 

3:5:7-trisulphonic acid, 

3476 

3 :5 :7-trisulphonic acid , 

3476 

3:6:7-trisulphomc acid, 

347c 

3:6:8-trisulphonic acid, 

347c 

, 1-amino-, 3616 

8 - Naphthol - 2:4:6 - trisul - 
phonic acid, 1 - amino 
3616 

0- l-Naphthoylbenzoic acid, 

4086 

1 - Naphthyl acetate, 332c 
1-Naphthylacetic acid, 267a, 

4066 

Naphthyl alkyl ketones, 406d 
1-Naphthylamine, 2986 
— , acyl derivs., 299a 
— , alky] derivs., 299c 
— , aryl derivs., 299d 
— , 8-chloro-, 3126 
— , cou})ling rule, 272d 
— , iV-diethyl-, 299d 
— , 2:4 -dinitro-, 314a 
1 - Naphthylamine - 2:4 -di - 
siQphomc acid, 307a 

2:5-disulphonic acid, 307a 

2:6-disulphonic acid, 3076 

2:7-disulphonic acid, 3076 

2:8-disulphonic acid, 3076 

3:5-disulphonic acid, 307c 

3:6-disulphomc acid, 307c 

^ 8-chloro-, 312c 

1 - Naphthylamine - 3:7 - di- 
sulphonic acid,, 307d 

3 :8-disulphonic acid, 3()8a 

4:6-disulphonic acid, 308c 

4:7-disulphonic acid, 308d 

4:8-di8ulphonic acid, 309c 

5 :7-disulphonic acid, 309c 

5 :8-disulphonic acid, 3()9d 

6:8-disulphomc acid, 309d 

1 - Naphthylamine, hydro - 
genation, 4136 
— , N -methyl-, 299c 
— , 2-nitro-, 313a 
— , 3-nitro-, 3136 
— , 4 -nitro-, 3136 
— , 5-nitro-, 313rf 
— , 8-nitro-, 313d 
— , N-phenyl-, 299d 
1-Naphthylamines, dinitrt)-, 
314a 

— , nitro-, 31 2d 

1 - Naphthylamine, sulphona- 
tion scheme, 301o 
1 - Naphthylaxninesiitohonic 
acid, 2:4-dichloro-, 312c 
1 - Naphthylamine - 2 - sul - 
phonic acid, 303c 
3-8ulphonic acid, 304a 

— -4-sulphonio acid, 3046 
5-sulphonic acid, 305a 

— - — ^ g - chloro-, 3126 

1 - Naphthylamine - 6 - sul - 

phonic acid, 305c 

7-8ulphonic acid, 300a 

8-sulphonic acid, 8066 

1 - Naphthylaminesulphonic 
acids, 800c 
, aryl-, 3006 
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1 - Naphthylaminesulphonic | 2 

acids, conversion int-o 1- 
aminonaphthol - sulphonic 
acids, 302r 

, — — diaminonapiiiha - 

lene-sulphonic acids, 303a 

^ ] - naphtholsul - 

phonic acids, 302c 
, desulphonation, 302d 

— — , detn., 302c 

1- Naphthylainine-2:4:6-tri - 

sulphonic acid, 301a 

2:4:7-trisulphonic acid, 

310a 

2 :5 :7-trisulphonic acid , 

310^> 

3:5:7-trisulphonic acid, 

310c 

3:6:8-trisulphomc acid, 

310c 

4:6:8-trisulphonic acid, 

311a 

2>Naphthylamine, 3 Ha 

, acetyl-, 314d 

— , acyl derivs., 314d 
aryl derivs., 3ir)h 
— , 1-chloro-, 323/> 

— , A^-diethyl-, 3ir)6 

2 - Naphthylamine -1:5- di- 

sulphonic acid, 320a 

— -1 :6-disulphonic acid, 3206 

1 :7-disulphonic acid, 320c 

3:6-disulphomc acid, 320c 

3 :7-disulphonic acid, 320d 

4:7-disulphonic acid, 321a 

4:8-disulphonic acid, 321a 

5:7-disulphonic acid, 3216 

6:8-disiilphonic acid, 32 Id 

2 - Naphthylamine, hydro - 

genation, 1186 
— , iV-methyl-, 31 r>a 
— , 1-niti‘O-, 324a 
— , 3-nitro-, 3246 
— , 4-nitro-, 3216 
— , 5-nitro-, 3246 
— , O-nitro-, 324c 
— , 7-nitro-, 324c 
— , 8-nitro-, 324c 
— , iV-phenyl-, 315c 
Naphthylamines, 29Ha 
— , bisulphite reaction, 273c 
Naphthylamines, diazotisa - 
tion, 2746 

2 - Naphthylamines, bromo-, 
323c 

2 - Naphthylamines, dinitro-, 
324d 

— , nitro-, 323c 

2 - Naphthylamine - 1 - sul - 
phonic acid, 318a 

— -4-sulphonic acid, 3186 

5-sulphonic acid, 3186 

6-8Ulphomc acid, 318c 

7-sulphonic acid, 319a 

8-sulphonic acid, 319c 

2 - Naphthylaminesulphonic 

acids, 317a 

, aryl-, 310a 

, azo dyes from, 3176 

, l-chloro-, 3236 

, detn., 302c 

2- Naphthylamine, l:6:8-tri- 

mtro-, SMd 

— -1 :3 :7-trisulphonic acid, 

322a 

— -1 :8 :7-trisulphonic acid, 

322a 

— -3:5:7-tri8ulphonic acid, 

3226 


Naphthylamin6-3 :6 :7-tri- 
siilphonic acid, 322c 

3 :6 :8-trisulphonic acid , 

322d 

4:6:8-tri8ulphonic acid, 

322d 

Naphthyl aryl ketones, 408o 
1 -Naphthyl ethyl ether, 3326 

1- Naphthylmercaptan, 3726 
— , 4-amino-, 372c 

— , 4-hydroxy-, 372c 

2- Naphthylmercaptan, 372d 
— , 1 -amino-, 372d 

— , O-hydroxy-, 372d 
1 - Naphthylmethylamine, 
3956 

1 - Naphthyl methyl ketone, 
407a 

— })henyl ket/one, 408a 
, 4-hydroxy-, 408c 

1- Naphthylsulphamic acid, 

3036 

2- Naphthyl methyl ether, Slid 
Napoleonite, 4436 
Narceine, 4436 
Narcissine, 4436 
Narcotine, 4436 
Narcotoline, 4436 
Narcylon, 4436 
Naringin, 443c 
Narrawood, 443d 
Nasunin, 4446 
Natroiarosite, 4446 
Natrolite, 4446 
Natron, 444c 
Natural gas, Ic 
Naturgiftstofi, 4506 
“ Naturlab,*' 4.506 
Neat’s foot oil, 4506 
Negretein, 450d 
“ Nekal /?X,” 401 
Nemalite, 450d 
Nematic substances, 450/? 

“ Nembutal,** 450<^ 
Neoantimosan, 450d 
Neoarsphenamine, 451a 
Neodymium, 451a 

— acetate, 4546 

— borates, 4546 

— boride, 454a 

— carbide, 454a 

— carbonate, 454a 

— chloride, 452d 

— chromate, 4546 

— double sulphates, 463c 

— hydrogen sulphate, 453c 

— iodide, 4636 
— , isotojies, 451a 

— nitrate, 463d 

— nitride, 453d 

— oxalate, 4646 

— oxides, 462c 

— oxychloride, 453a 

— perchlorate, 463a 
— , properties, 452a 

— selenide, 463d 

— spectra, 204a, 4626 

— sulphate, 4536 

— sulphide, 4.536 
Neon, 454« 

Neonai;* 457c 

Neon diiwharge tubes, 457a 
Neonite, 457c 
Neon, isolation, 454c 
— , isotopes, 464c 
— , properties, 456d 
— , spectra, 466c 
— , uses, 467a 
Neopine, 467c 
** Neostibosanr 467c 


Neo^^ephrine hydrochloride, 

Nepheline, 457c 

— , use in glass, 457d 
Nephelometric detn. of con- 
centration, 4596 
Nephelometers, micro-, 458c 
Nephelometry, 458a 
— , photographic, 4016 
— , preparation of suspension, 
400a 

— standardisation, 400c 
Nephrite, 461c 
Neponite, 461c 

“ Neradol,** 401c 
Neral, 461c 
Norol, 401c 

Neroli, essential oil, 461c, 059c 
d-Nerolidol, 461d 
Nerolin, 34 Id 
Nervon. 46 Id 
Nessler’s reagent, 402a 
Neurine, 402a 
Neutron, 462a 

— cai)ture by nuclei, 402c 

— collisions, 402c 

— penetration of nucleus, 462c 
Neutrons, biological effects, 

463c 

— , detection, 4036 
— , discovery, 402a 
— , fast, 402c 

— in nucleus, 4026 
— , production, 463a 
— , practical uses, 405c 
— , slow, 462d 

Nevile and Winther’s acid, 
334a 

“ New Fortex,'' 403d 
Newton’s alloy, 403d 
N’gart oil, 403d 
“ Niacin,** 479a 
“ Niacinamide,** 480a 
Niccolite, 463d, 4776 
Nickel, 464a 

— ammonium sulphate, 475a 

— acetate, 473d 

— arsenide, 463d 

— bromide, 473d 

— by Mond process, 4656 

— carbonate, 473d 

— carbonyl, 466d, 474a 

— cast iron, 476d 

— catalysts, 166, 411a, 4766 

— chloride, 4746 

— , compressibility, 473a 

copper alloys, 231a, 47Cd 

— , corrosion resistance, 475a 

— crystal structure, 467c 

— cyanide, 474c 
— , density, 

— dimethylgly oxime, 474c 

— dioxide, 4786 

— , drop reactions, 666 

— electrical resistivity, 467d 
— , electrodeposited, 4766 
— , electron emission, 469d 

— fluoride, 474d 
— , hardness, 471a 
— , high-purity, 4666 

— , hydrogen adsorption, 467a 
NiekeUc oxide, 4736 
Nickel-iron alloys, 476c 
Nickel, magnetic properties, 
468a 

— , malleable, 476a 

— minerals, 404a, 477a 

— , modulus of eleasticity, 473c 

— monoxide, 4736 
— , m.p., 467o 



Nickel nitrate, 474df 
— , optical propertiefi. 4706 

— ores, 464a, 477a 

— oxide, black, 465c 

— oxides, 4736 

— , physiological action, 475d 
— , Poisson’s rstio, 473a 
— , properties, 4666 

— radio- valve cathodes, 460r/ 
refining, Orford process, 4656 

— resistances alloys, 476d 

— silvers, 476c 

— smelting, 464^/ 

— , specific heat, 4676 

— steels, 4766 
-- sulphate, 474 d 

— sulphide, 4776 

— , tensile strength, 17 Or/ 

— tetroxide, 473c 

— , thermal condu<‘iivity, 4(}0c 
— , — expansion, 468f/ 

— , — refltictivity, 470a 
— , thermoelectric force, 160c 
— , uses, 476a, 4776 

— vapour pressure, 47()c 

— , velocity of sound in, 470c 
Nicotinamide, 477c, 480a 

— and Pasieurellay 481a 

— as growth factor, 83a, 480c 

— in vitamiii-Bj, 480d 
Nicotindiet^laxnide, 48(t6 
Nicotine, 477c, 478c 

— , constitution, 478c 
— , detn., 477d 
— , solubility, 4786 
/-norNicotine, 177c, 47ya 
Nicotinic acid, 479a 

as growth factor, 83a, 

480rf 

(amide), biological im- 
portance, 480c 

, derivs., detn., 482c 

in foodstuffs, 483a 

vitamin-Bj, 480d 

methiodide, 480c 

(amide), physiology, 4826 

therapy, 481d 

Nicotyrine, 477c, 47 8d 
“ Nicrosilal” 4836 
Nigella oil, 4836 
Niger seed oil, 483c 
Nigrosine, 483c 
Nigrotic acid, 274a, 3786 
NlSi, 483d 

Nikethamide,'^ 4806, 483f/ 
Ninhydrin, 483d 
Niobium, 483d 
— , dw)p reaction, 6(ia 
“ Nipagin," 483d 
“ Niresist," 483d 
Nisinic acid, 483d 
Nitralloy, 483d 
Nitramide, 534a 

— structure, 5346 

Nitrate ion, drop reactions, 666 

— of soda-potash, 484c 
Nitrates and chlorine produc- 
tion, 580c 

Nitratine, 483d 
Nitration, liquid-phase, 4896 
— , vapour-phase, 489d 
Nitre, 4846 
Nitric acid, 534c 

, absolute, 636a 

absorption tower, 643a 

action on metals, 539a 

activity coefficients, 638a 

b.p., 536c 

, “ brown-ring” test, 622a, 

593a 
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Nitric acid, Cavendish experi- 
ment, 534d, 5576 

concentration, 660d, 577a 

decomimsition, 537c, 54 Id 

, photochemical, 537c 

— — , densities, 535c 

detn., 540c, 688c, 59()a 

, direct production of 

cone., 577a 

pnetido-torm, 535c 

from ammonia oxi<l{it ion, 

544c, 557d, 562c 

, oxygen and steam, 

580a 

synthetic nitric oxide, 

544c, 5576 

, fuming, .535d, 540c 

heat of dilution, 5376 

formation, 5376 

, impurities in, 543d 

manufacture retort/ pro- 
cess, 541c 

, vacuum processes, 5 4 3d 

, m.p. 536d 

, nitrous acid catalyst for, 

539c 

oxidations, 538c 

, packing for, 5426 

, reduction products, 538c, 

540a 

refractive indices, 537c 

specific heats, 537a 

structure, 192a, 538a 

vapr»ur pressiues, 5366, c 

Nitric anhydride, 628o 
Nitric oxide, 51 7d 

absorption, reino\al of 

nitrous acid, 678d 

— ^ Schloesing process, 

576a 

— " — towel's, 568c, 570d, 

572a, 575a 

, mist in, 574d 

, oxidising space, 

5746, 675c 

, Birkeland and Kyde pro- 
cess, 559d 

decomposition velocity, 

559a 

density, 5196 

detn., 622a 

formation, equilibrium, 

558a 

, heat of, 51 9d, 5576 

, velocity, 558d 

from electric arc, 5446, 

5576 

Hausser process, 5626 

preparations, 4, 6, 8, 518d 

purification, 5186, 519a 

reaction with ferrous sul- 
phate, 521c 

oxygen, 520a, 5226, 

.524a, 543a 

and wat-er, 544c 

water, 520c 

— sulphur trioxide, 

.520d 

reduction products, 521a 

, specific heats, 619c 

structure, 619a 

Nitrides, 508d 
— , refractory, 5096 
Nitriles, 4Mc 
— , detection, 4876 
— , preparation, 484d 
— , properties, 485d 
— , reactions, 486d 
isoNitriles, preparation, 4876 
— , reactions, 487c 
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Nitrite detn., 530c, 589a 
— ' ion, drop reaction, 666 
Nitrites, 521c, 523d, 5296 
Nitrocalcite. 488d 
Nitrocelluloses, 488d 
“ Nitrochalk,” 488d, 58 Id 
Nitro^compounds, aliphatic 
(see alao under Olefins, Para- 
ffins), 488d 

— - — , — , sodium salts, PUa 

^ ^ uses, 497a 

“ Nitro-copper,” 5276 
Nitroform, 493d 
Nitrogen, 497c 

— acids, 600d 
— , active, 50f»6 
Nitrogenase, oStJa 
Nitrogen and oxygen direct 

union, 51 Id, 51 8a, .52.3a, 
529a, 534d, 5446 
— , atmospheric, ulilisaiion of, 
544a 

— bromides, 513a 

— chlorides, 511c 
— , density, 5066 

— dioxide, see Nitrogen per- 

oxide, 524a 

— — , structure, 526 

— fixation as cyanamido, 553a 
cyanides, 552d 

— nitrides, 552c 

salts. 5616, 581c 

, biological, 583a 

by Azofobacter, rtSryb 

Closiridium, 585a 

— J^ostoc, 5856 

— Tthizohitirn , 583d 

“ root-nodule bact<eria, 

rma 

— soil bacteria, 583a 

, hydroxy lamine in bio- 
logical, 586c 

statistics, 582d 

, symbiotic, .5866 

Nitrogen fluoride, 5116 

— from chemical corniJountls, 

504d 

the air, 498d 

— glow, see Nitrogen, active. 

— halides, 5116 

— , heat of dissociation, 5106 

— hexoxide, .528d 

— in cylinder's, 505c 

— iodide, 513a 

— isoto})es, 506a 

— , liquefied {sec also ( ’laude, 
Linde, IMct/et ])i*oeesse8), 
5026 

— peutasulphide, 5Mc 

— pent/Oxide, 528ffl 

decomposition, 5286, c 

, photochemical, 628c 

, heat of formation, 528c 

m.p., 5286 

— pei’oxide, 524a 

— — absorption spectrum, 

526a 

, composition of gas, 525c 

, liquid and solid, 

526a 

, decomposition, 525c 

photochemical, 528c 

, detn., 527d 

, heat of dissociation, 526a 

^ formation, 525d 

reaction with alkalis, 527a 

cuprous oxide, 527a 

water, 526d 

— peroxide specific heat, 525d 
-water equilibrium, 5786 
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Nitrogen vapour density, 525c 

— pressure, 62 4d, 525a 

— , properties, 606c 

— selenide, 514c 

— specific beats, 5076 

— spectra, 508c 

— sulphide, 518c 
blue form, 514a 

tetrachloride, 5146 

— trichloride photochemistry, 

513a 

— Nitrogen tri-iodide, 513c 
— , valency, 505c 

Nitroglycerin, 587d 
Nitroglycol, 587d 
Nitrohydroxylamic acid, 5346 
“ Nitrolim.'^ 5536, 587rf 
Nitron, 587d 

— detn. of nitrate and nitrite, 

5886, 589a 
Nitronic acids, 49()c 
Nitron test for nitrates, 5886 
Nitrosic acid, 540a 
Nitroso-coloTn:*inff matters, 
591c 

p - Nitrosodimethylaniline, 
591d 

p-Nitrosophenol. 591^7 
Nitrososulphuric acid, 521c, 
6326 

Nitrosulphonic acid, 5326 
NitrosiilphiU7ic acid, 592a 
Nitrosyl bromide, 532a 

— carbonyls, 5296 

— chloride, 529c, 5316, 580c 

compounds, 531(7 

density, 531(7 

— disulpha te, 532(7 

— fluoborate, 5326 

— fluoride, 531a 

— hydrogen selenate, 532c 
sulphate, 5326 

“ Nitrosyl mercaptides,” 592(7 

— metal halides, 592(7 

— l)erchlorate, 5326 
Nitrosyls and carbonyls, metal, 

592a 

— , metal, 592a 
— , — , valency relations, 5936 

Nitrosylsulphuric anhydride, 
521a 

Nitrosyl tribromide, 5326 
Nitrous acid, 520a, 523(7, 529a 

, decomposition, 5306, 

539(7, 573(7 

detn., 530c, 589a 

, volumetric, nitrate 

present, 541c 

, heat of formation, 5306 

neutralisation, 530a 

reduction products, 53 Oc 

structure, 530(7 

water equilibrium, 511 d 

— anhydride, 5226 

, absorbents for, 523c7 

, absorption spectrum, 

523c 

gaseous, 522c, 5236 

liquid, 622c 

reaction with oxygen, 523(7 

— oxide, 514(7 

density, 516a 

detn., 5176, d 

formula, 516a 

from cylinders, 51 6d 

nitric oxide, 616c7 

, heat of formation, 617c 

preparation, 5156 

— = — specific heats, 516c 
Nltryl chloride, 641a 


Ntoyl fluoride, 531a, 540c 
Njixno wood, 593(7 
Nodakenetin, 448c 
“ Nomag,” 594a 
Nomenclature and literature, 
chemical, 594a 
— , aquo compounds, 604a 
— , atomic symbols, 600a 
— , biochemical, 611(7 
— , boron acids, 601a 
— , deuterium compounds, 6116 
— , Geneva system, 605(7 
— , incompletely known struc- 
tures, 611c 
— , inorganic, 5976 
— , International Union of 

Chemistry, 599a, 6006 
— , organic, 6046 
— , phosphorus acids, 601a 
— , physical chemistry, 612c 
— , ring systems, 61 Od 
— , rules, international, 598a 
— , stereochemical, 611a 
— , substitution method, 6056 
— , sulphur acids, 600(7 
— , the two systems. 610a 

— , tritium compounds, 61 Ic 
Nomograms, 620a 
Nonane, 620a 

Nonoic acids, 6206 
Nontronite, 620c 
Nopal, 620r 
Nopinene, 620c 
Nopinone, 620(7 
“ Norit,” 620(7 

Normal temperature and pres- 
sure, 621(7 
Novocaine, 621a 
N.T.P., 620(7 
Nucin, 3836, 621a 
Nucite, 621a 

Nuclear chain reactions, 463a 

— moments, detn., 1596 
Nucleic acid, deoxyi)ontoRe, 

621c, 622a 

, — , depolymerase, 6276 

— — ^ ^ mol. wt., 624(7 

, deoxyribo-, 622a 

, pentose, 621c, 622a 

■ — acids, 621a 

analysis, 627(7 

, deoxypciit/ose, structure, 

624c 

identification, 6226 

, isolation of, 622c 

, pentose, mol. wt., 6256 

Nucleoproteins, 622(7 
Nucleosides, 6216, 627c 

— and nucleotides, structure of, 

623c, 624o 

Nucleotides, synthesis, 

6276 

— , furanose sugars in, 623(7 
Nucleotides, 021a 
— , deoxypentose, 6236 
— , isolation from nucleic acids, 
023a 

— , pentose, 623a 
Nucleus, see also Neutron 
— “ compound,” 462c 
— , fission of, 462(7, 463a 
Nupercaine hydrochloride, 
627(7 

Nutmeg, 627(7 

— adulteration, 6286 

— butter, 259a 

, American, 260c 

, Papuan, 269(7 

— essential oil, 628(7, 659(7 
Nutrilite, 628(7 


Nux vomica , 629a 
Nyctanthes arbor-tristis, 631(7 
Nyctanthin, 631(7 
Nylon, 631(7 


O 

Oats, 6316 

ObermuUer test, 6316 
Obtusatic acid, 6316 
Ochre, 6316, 6326 
— , golden, 032a 
Ocimene, 6326 

Octachloronapbthalene, 276c 
Octahydronaphthalenes , 

409(7, 410a, 414(7, 432(7 
J9-Octalin, 443a 
Octalins, isomers, 414(7, 132(7 
Octamethylanthracene, 516 
n-Octane cracking, 645(7 
Octsuie number, 632c, 640(‘ 

and chemical structure, 

638c 

measurement of, 6346 

reference fuels, 635c 

tost, 635c 

n-Octane oxidation, 646(( 
Octanes, 644(7 

— from ” alkylat ion,” 6456 

— — cracking petroleum, 6456 

— yi(*ld alkyl benzemes, 616(( 
Octenes (ociylerms), 6466 
n-Octoic acid, 6446 
Octoic acids, 643(7 

Octyl, 644(‘ 

— alcohols, 016c 
CEnanthaldehyde, 6486 
(Enin, 649a 
CEnidin, 649a 
CBstrane ring system, 207a 
Oestriol, 049(7 

Oil, ajowan, ^^55a 
— , ams('ed, 6556 
— , bay, 6556 
— , bergaTuot, 055c 
— , bitter almond, 055(( 

— , ca.jupiit, 055c 
— , camphor, 055(7 
— , — , heavy, 650(( 

— , — light, 650a 
— , cananga, 055(7 
— , caraway, 6566 
— , cassia, 6566 
— , cedarwood, 656c 
— , chamomile, 656c 
— , cinnamon bark, t}56c 
— , — leaf, 656(7 
— , cifcronella, Geykm, 551a 
— , — , Java, 657(; 

— , clove, 6576 
— , — st-ems, 6676 
— , coriander, 657c 
” Oildag,” 649(7 
Oil, dill, 657c 

— , Eucalyptvs amygdalina, 668a 
— , — auatreUiana, 657(7 
— , — citriodora, 668a 
— , — dives, 668a 
— , fennel, 0686 
— , geranium, 6586 
— , ginger, 668c 
— , gingergrass, 658c 
— , lavender, 068c 
— , lemon, 668(7 
— , leraongrass, 069a 
— , limes (distilled), 669a 
— , — (expressed), 6596 
— , linalcp, Cayenne, 6596 
— , — , Mexican, 0596 
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Oil, mustard, 255a, 256d, 659f; 
— , neroli, 46ic, 659r 
— , nutmeg, 628d, 651)r/ 

— , orange, 659(/ 

— , ’t)almaro8a, (iOOa 
— , pennyroyal (Kuropean), (iOOa 
— , — (American), 6605 
— , peppermint, Mentha arven- 
HX8y 660c 

— » — ) — piperita j 6605 
— , peiitgrain, 600df, 

— , pimento, 660d 
- — , pine, 661a 

— , — needle, Abies sibirica, 
661a 

— , , Pinu8 purnilw, 6615 

— , , — Hilvcstris, 6615 

— , roses, 661c 
— , rosemary, 661c 
— , sandalwood (East Indian), 
661r/ 

' — - (West Australian), 66 Id 

— , sassafras, 662a 
— , shui (Ho), 662a 

— , spike lavender, 662a 
— , star aniseed, 662c 
— , thyme, 662c 
— , turpentine, A.8.T.M. spirits, 
speciO cation, 6625 
— , — , British Standard, Tyi>e 
1 , 066a 

— , — , , Type 2, 6(53a 

— ■* — > l?uni spirits of, 662c 
— , — , wood, 662d 

— , - aulphit/e, 662r/ 

— , vetiver, 603a 
— , wintergreen, 663c 
— , wormseed, American, 663c 
Oils, drying, 650a 
-, essential, 650a 
— , — , acid value, 6525 
— , — , alcohols detn., 652c 
— , — , aldehyde detn,, 653a 
, — , analysis, 6515 
— , — , enfleiirage, 6515 
— , - ester detn., 652a 
— , — , extraction, 650a 
— , — , ketone detn., 6546 
— » — » phenol detn., 054c 
— , eucalyptus, 057d 
— , pine needle, 661a 
“ Ojuologbo,” 237d 
Olefins, J*-nitro-, 4045 ! 

— , — , in Diels- Alder synthesis, 

4»7a : 

— , — , reactions, 4055 j 

— , dinitro-, 4945 j 

— , nitro-, and Clrignard re- 1 

agents, 4965 I 

Oleic acid, growth factor, 83c 
Orange, Methyl, 20a 
Oreoselone, oroselone, 449a, c 
Orford nickel process, 4665 
Orthite, 4515 
“ Osgtim " lamp, 457a 
Osthenol, osthol, 446d 
Ostruthin, 447a 
Ostruthol, 448c 
Ostwald’s dilution law, 162a 
Otoba butter, 260c 
Otobite, wo-otobito, 260c 
Oxygen from liquid air, 5015 
Oxypeucedanin, peucedanin, 
448c 


P 

Palladium, drop reactions, 67a 
Panthothenio acid» 88a 
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Paraffins, nitration in liquid- 
phase, 4895 

— , vapour-i)hase, 189d 

— , nitro-, 489a 
— , — , aci forms, 490c 

— , - colour test, 491a 
— , — , manufacture, 490a 
— , — , reactions, 4905 

— , — , tautomeric, 4905 
Paragonite, 55c, 56a 
Particle size detn., 460d 
Pateraite, 2175 
Pelargonic ac*i<l, 6205 
Pellagra - preventive fact ( tr, 
4H0c, 4825 

Pentlandite, 461d, 477a 
“ Percaine,"' 627d 
Perchlorate detn. with nitron, 
589c 

Pcrt-acid, 3005 
Permolybdates, 222c 
Pernitric aci<l, 541a 
Pernitrous a(‘id, 541a 
Pernitryl fluoride. 54 Od 
Peroxidase, 108d 
Perylene, 387c 
Petrol, liigh octan<“. 645c 
Phalloidine, 2475 
Pbellopterin, 448c 
Phengite, r)6a 
Phenol, 2:4-dinitro-, 590c 
— , 4:6-dinitro-2-amino-, 59()d 
— , a/-nitro-, 590c 
, o-nitro-, 590a 

— , p-nitro-, r)90c 

Phenols, nitro-, and homo- 
logues, 590a 
Phenyl-y-acid, 354 d 
m-Phenylenediamine, 4-nitro- 
591c 

d- a - Phenyl - - methyl - 

aminopropane, Id 
Phenylnaphthalenes, 38(9/ 

N -Phenyl-1 -naphthylamine- 
8-sulphonic acid, 30()d 
Phenyl-perf-acid, 306d 
Phlogopite, 55d, 56c 
Phosphatase, 108a 
Phosphate ion PO4"', drop 
reaction, 67a 

Phthalic anhydride, 26 7d 
Phthalides and (lilgnard ro- 
agenta, 325 
Phthalimide, 268a 
Phthiocol, 399c 
Picramic acid, 59()d 
Pierpnide, 488c 
Picric acid detn. with nitron, 
589c 

Pictet liquid air process, 504 f? 
Pimelic acid, 835 
i>oPimpinellin, 448c 
Pinking, 632c 
Planck^s quantum, 158a 
Platinum, drop reaction, 67a 

— metals, drop i*eaction, 67a 
Pliunbafi^, 3995 
Polymethylnaphthadenes , 

4055 

Polynitrocompounds, ali- 
phatic, 4985 
Polynucleotides, 6215 
— , action of enzymes, 627a 

— structure, 624c 
Potash-xnica, 65c, d 
Potassium, drop reactions, 655 

— nitrate, 4845 
Potato, Namara, 262c 
Powellite, 2175 
Pre-ignition in engines, 682d 


Promoters, 545a 
Proofing against mildew, 955 
Propylnaphthalenes, 40 1 a 
Protease, 1085 
Protective colloid, 460a 
Protolithionite, 565 
Provitamins, 207r 
Psoralene, 44 4d, 147d, 448d 
tsoPsoralene, 448d 
Pulfrich pholometer, 4 59a 
Purines, 835 
Purple, Tyiian, 244d 
Purples, mineral, 121a 
Purpuric acid, 245a 
Pyrenocoumarins, 445a, 450a 
Pyrethriam extracts, 240d 
Pyridine-3-carboxylic a<n(l, 
479a 

Pyridine micleotides, 83a, 481 d 
Pyridoxin, S2d 
Pyrimidines, 835 
“ Pyroligneous acid,” 12d 
Pyrrhotite, 464d 


R 

Raman frequ(3ncies, 1875 

— spectra, 186a, 194 d 

, uses, ISSa 

Rayleigh’s correction, 21 la 

— law of scattering, 187d, 195a, 

• 459a 

Red, Met hyl, 20a 
— , Naga or Nagana, 2625 
-- ochre, 632a 
Reference books, 61 5a 
Refractivity, molecnlar, 2285 
Resorcinol, 2:4:6-trinjtro-, 5915 
Respiratory enzyme, absorp- 
tion si)ectrnm, 209a 
Retrorsine, 234 d 
Rhenium, drop reaction, 67a 
Riboflavin, 82d, 48 Id 
Ribonuclease, 627a 
Root-nodules pigmenl , 587a 
Roscoelite, 56a 
RotundifoUne, 1 55a 
Rowan, 2425 

Rubiadin 1 -methyl ether, 23Sa 
Ruthenium, drop reactions, 
675 


S 

S-Acid, 3565 
Saltpetre, 4845 
Sapotalin, 392a, 401c 
Schaffer acid, 344c 
Schollkopf acid, 3065 
Scopoletin. 445c, 447a 
Sediments, succession, 149d 
Selenium, drop reactions, 675 
Semidine rearrangement, 184a 
Seselin, 445a, 450a 
Sesili ittdicufH, 448a, c, d 
Sienna. 63 Id 
Silicate magmas, 149a 
Silver, drop reaction, 02a 
Sinalbin, 254d, 255d 
Sinigrin, 255a, d 
Skixnmetin, 447d 
Slag wool, 121a 
Soda-mica, 55c, r)6a 
Soda-nitre, 483d 
Sodium, drop reactions, 66a 
— nitrate, 203d, 4^d, 5615 
Soils, 150c 

Sorbic acid in rowans, 242d 
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Sorbus aucupariaf 2426 
Spark - igp^tion engines de - 
tonaiion, 632c, 638a 
— hydrocarbon oxida- 
tion, 633c 

Spectra, absorption, apparatus 
(see aluo Spectra, molecular ; 
Spectra Raman), 1946, 202(i 
— , — , and structure, 207a 
— , — , benzene, 2066 
— , — , due to double bonds, 
2076 

— , — , electron theory of, 2016 
— , — , hydrogen, 19J)6 
— , — , infra-red, 186a, l.S7a, 
1946, 505d 

— j ^ — Raman, in- 

terpretation, 18Sc 

— , — , , rnetliods, 19(6 

— , — , inorgjinic compounds, 
203c 

— , — , K-vitainins, 207d 
— , — ketones, 205a 
— , — , organic compounds, 204c 
— » — » permanganates, 204a 
— , — , respiratory enzyme, 
209a 

— , — , saturated hvdrocar>)on.s, 
204rf 

— f — , solid inns, notation, 2026 
— , — , A isible and ultra-\i(jl(‘(, 
technique, 202r/ 

— , — , vitamins-Dj, -Dg, 207 
— , band, emission, 200r/, 2066 
— , — , theory, 195d, 200r/ 

— , discharge tube, 201a, 2066 
— emission, 200r/ 

— , flame, 200d 

— , infra-red vibration, analysis 
of, 193a 

— , molecular {see also Spea tra , 
absorption ; Hpectra, Ra- 
man), 186a, 195c 
— , — , acetylene, 190c 
— , — , continuous, 200a 
— , — , “ degenerate,” vihra - 
tions, lOOd 

— , — , detn. of configuration, 
192a 

— , — , force constants and ifi- 
ternuclear distances, 1936 
— , — , infra-red and Raman, 

186a 

— , — , moments of inertia, 1926 
— , — , notation, 1866 
— , — , OH and CH grt f)s, 
191c 

— , — , predissociation, 206a 
— , — , pure rotation, 188c 

— ^ ^ ^ water A^apour, 

1896 

— , — , rotational fine structure, 
1926 

, eSa, 192d 

— » — ) symmetry selection rules, 
191d 

— , — , vibration-rotation, 1896 
— , — , — - — , allowed transi- 
tions, 189c 

— , — , visible and ultra-violet, 

195a 

— , radio-frequency, 159c 
— , Kaman, 186a, 194ri 
, — , metJiods, 194d 
— , — , rotational, 188a 
— , vibration-rotational, 1896 
Spectrometer for infra-red, 
194c 

Spectrophotometers, photo- 
electric, 203a 


Spectrophotometers, phoi/o- 
graphic, 194c, 2036 
— , visual, 202d 
Sphodin, sphondyJin, 449a 
Stand oil manufacture, I68a 
Stannous ion, drop reactions, 
676 

Sterols, distillation, 169c 
Still, cascade-tray {see also 
Molecular distillation), 166c 
— , centrifugal plate, 16Hd, 169d 
— , falling-fiJm, 166c 
— , molecular, cyclic hatch, 
170d 

— , - , laboratory, 170c. 171a 
— , operat ion, 172a 

— , — , researches with, J68a, 
1726 

— , short. })atb, higli vacuum. 
166c 

Stokes fre(|uen<;ies, 187</ 
Strong; electrolytes, I62c 
Strontium, drop reaction, 68a 
Strychnine, ((296, 630a 
Strychnos mix vomira, 629a 
Styphnate identit y test, 4056 
Styphnic acid, 5916 
Sulphide ion, droj) reaction. 
676 

Sulpho - naphthenic acids. 
4 4 2d 

Sulphonic groups, migration, 
272a 

Sulphur (dementaiy, drop ri'- 
aciions, 676 

Sulphuric acid, (‘oncenti'altHl, 
2716 

monohydrate, 2716 

Surface rej)lica8. 92a 


T 

Tantedum, drop reaction, 68a 
Tellurium, drop reaction, 68a 
Telluroformaldehyde, 1 Id 
J®-Tetradecenoic acid, 200a 
Tetradecyl alcohol, la 
1 :2:3:4-Tetrahydronaphtha- 
lene {see also Tetralin), 
416d 

Tetrahydronaphthalene di- 
carboxylic acids, 429d 
ar-Tetrahydro-1 :4-naphtha- 
quinone, 431 d 

Tetrahydronaphthoic acids, 
429a 

ac-Tetrahydro - 1 -naphthoic 

acid, 429c 

ac-Tetrahydro - 1 - naphthol 
{see also 1-Decalols), 423d 
ar-Tetrahydro - 1 - naphthol, 

4226 

ac-Tetrahydro - 2 - naphthol 
{see also 2-DecaloIs), 424a 
ar»Tetrahydro - 2 - naphthol, 

422d 

ar-Tetrahydro - 1 - naphthyl- 
amine, 4136, 4196 
ac-Totrahydro - 1 - naphthyl- 
amine, 4136, 421c 
ar-Tetrahydro - 2 - naphthyl- 
amine, 4136, 4206 
ac-Tetrahydro - 2 - naphthyl- 
eunine, 4136, 421d 
ar-Tetrahydro-1 :2-naphthy- 
lenediamine, 4216 
Tetralin, 4106, 413c 
— aldehydes, 42Sd 


Tetralin, alkyl homologues, 
426a 

— , ac-2-chloro-3-hydroxy-, re- 
action with amines, 424c 
“, halogenation, 417d 
— , isomeric derivs., 414d 

— manufacture, 4106, 4l3c 
— , nitro derivs., 418c 

— peroxide, 4176 

— , properties, 4l3d, lUid 
Tetralins, acyl-, 4326 
— . alkylakMl, 427, 428 
— , ar-clihydi’oxy-, 423c 
Tetralin, sulphonation, 419a 
, uses, 414a 
ar-l-Tetralol, 4226 
ar-2-Tetralol, 422d 
ac-Tetralols from dihydro- 
naphthalenes, 424a 

1- Tetralone, 4306 
— , 2-hydroxy-, 43 1 a 

2- Tetralone, 431 c 
Tetramethylammonium 

corni)ounds, 8a 
”, free radical, 86 
Tetramethylanthracenes , 
l:2:3: l and 1:4:5;8, 51a, 6 
— , 1:3:5:7, 50a 
— , 1:3:6:8 and 2;3:6:7, 506 
Tetranap,'* properties, 414a 
Textile proofing, 956 

with organic ct>inp()unds, 

Ulh 

Thallium, drop reactions, ((86 
Thiocyanate ion, drop re- 
action, 676 

Thio-2-naphthol, 8726 
Thionylmethylamine, 76 
Thiosulphate ion, drop re- 
action, 676 

Thio - trithioazyl chloride, 
5146 

Thoria, 230d 

Thorium, drop reactions, (i8a 
Tin metal, droj) reaction, 68a 
Titanium, drop reactions, 686 
Tobacco extract, 477d 

Tocopherols, 169a 
Toddalolactone, 447a 
Toluene-2-sulphonic acid, 
4-uitro-, 593c 
Toluidines, nitro-, 593c 
Tonquin musk, 253c 
Trace elements, 1516 
Transport number, 936, 94c 
Triarylmethane carboxylic 
acids, 32a, 33a 
Trigonelline, 480c 
Trimethylamine, 7 c 

— in herring brine, 7c 

— oxide, 8a 

— , plants containing, 7c 
— , reactions, 7d 
Trimethylanthracenes, 49a 
Trimethylnaphthalenes, 

392a, 404a 

Trimethylsulphonium iodide, 
10c 

Trinaphthobenzene-trioxide, 

382a 

Triphthaloylbenzene, 381 d 
Tritium, 595a 
Trivial names, 595a 
Trona, 444c 
Trouton’s rule, 2136 
Tungsten, drop reaction, 686 
Turbidimeter, measuring light 
transmitted/scattered, 458a 
Turbidimetry, 456a 
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U 

Umbelliferone, 4476 
Umbelliprenin, 4476 
Umber, 632a 
— , burnt, 632a 
Uracil, growth faot<n*, S3r 
Uranyi ion, drop react ion, 0S6 
Urdite, 4516 


V 

Vacuum ultra-violet absoriD- 
tioiiH, 204(3 

Vanadium, drop I'cact ions, (586 
Vermiculite, 56</ 

“ Vicronic” resisUud sled, 551 « 
“ Vinasses,” 7c 
1 -Vinylnaphthalene , 4006 
Violet, Methyl, 20a 
Virola fat, 2606 
Virus photographs, 00c 
Vitamin action, mocha, nisni of, 
481c 

Vitamin-^ absorxdion si)ec- 
trum, 207c 

Af distillation, 168(/, 1726 

— -A, ester distillation, 170a 


Vitamin-i^, functions, 48 Id 
i?, sec Aneurin 

— - -ifg complex, 480d 

— -D, distillation, 1696, 1726 

— -/i’, distillation, 169a, c, 1726 
— Ky “iT,, absorption spectra, 

207d 

— - A, distillation, 1096 
Vitamins, absorption s]»(‘ctra, 

207 (; 

— in fungi, 25a 


W 

Wagner “Meerwein rt'a rra nge- 
ine.nts, I77<t 
Walden’s Rule, {»lc 
Wattle bark, 120a 
Waxes, eblor(jriaplithalene, 
2776 

Wien etleet , 1 63d 
Wood distillation, 12d 

— naphtha., 12c 

— spirit, composition, 13« 
Wool, in i c ro -or ga ni s m d a n la ge , 

976 

jiroollng, 976 

Wulfenite, 2)76, 2186, 2226 


X 

Xanthorite, 4516 
Xanthotoxin, xanthotoxol, 
4l8d 

Xanthoxyletin, 419a, 450a 

Xanthyletin, 450a 

X-Ray analysis, mirurals, 121c 


Y 

Yeats, nutrients, 81 d, S2d 
Yellow, llrilliaut, 340c 
(Mayl.on, 120a 
- , French, 339a 
- , Manchcist er, 3396 

— , Martius, 2i0d, 3396 
— , mineral, 63 Id 

— , Naphtliol, S, 240d, 3106 
— , Nitro]dienine, 590a 

— ochre, 6316 
Yoghourt, 1 166 


Z 

Zinc chloride in textile proof- 
ing, 96d 

■ - , tlrf)ji reactions, 58d, 69rt 
Zinnwaldite, 566 
Zirconium, droj) reactions, 69tt 
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